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Dear colleagues, 

 

It is our great pleasure to welcome you to the 5th International Conference “Antimicrobial Resistance – 

Current State and Perspectives”, held in Novi Sad, Serbia. Over the past five years, this conference has 

evolved into an important regional platform for interdisciplinary dialogue, scientific exchange, and 

collaborative action in addressing one of the most pressing global public health challenges – antimicrobial 

resistance (AMR). 

This year’s conference is organized under the slogan “From Science to Practice”, reflecting our 

commitment to translating scientific knowledge into practical solutions and everyday professional practice. 

Within the One Health framework, the conference brings together experts from veterinary and human 

medicine, microbiology, pharmacology, food safety, agriculture, environmental sciences, and related 

disciplines, emphasizing the interconnectedness of human, animal, and environmental health.  

The scientific and professional program includes more than 70 scientific contributions presented through 

lectures, short communications, poster presentations, and 6 practical workshops, covering a broad spectrum 

of current AMR-related topics. Special attention has been devoted to practical workshops intended for 

veterinarians and medical doctors, focusing on real-life clinical and field challenges, rational antimicrobial 

use, diagnostics, preventive strategies, and stewardship approaches. 

This year’s conference addresses numerous contemporary challenges related to antimicrobial resistance, 

including AMR surveillance and monitoring, resistant zoonotic pathogens, food safety, residues of 

veterinary medicinal products in food, environmental dissemination of resistance genes, wastewater 

surveillance, and the growing role of microplastics and ecological niches in AMR spread. 

Particular emphasis is placed on antimicrobial stewardship and responsible antibiotic use in both veterinary 

and human medicine, with dedicated sessions focusing on poultry, swine, companion animals, and public 

health. The program also highlights national and international initiatives developed with FAO support, 

promoting evidence-based approaches and harmonized strategies for combating AMR. 

In line with this year’s slogan “From Science to Practice”, the conference additionally explores innovative 

preventive and therapeutic approaches aimed at reducing antimicrobial dependence, including biosecurity 

measures, microbiota-oriented therapies, probiotics, phytotherapeutics, and feed and food safety 

management. The practical character of the conference is further emphasized through workshops focused 

on companion animal dermatology, mastitis control, avian pathogenic E. coli, hospital hygiene, and 

responsible antimicrobial therapy. 

This year’s conference further emphasizes the importance of interdisciplinary collaboration and 

coordinated action within the One Health framework. By bringing together experts from veterinary and 

human medicine, microbiology, pharmacology, food safety, agriculture, and environmental sciences, the 

conference aims to strengthen dialogue, exchange practical experiences, and support the development of 

evidence-based strategies for combating antimicrobial resistance. 

We sincerely thank all participants, speakers, researchers, institutions, and partners for their contribution 

and dedication to this important mission. We hope that this conference will inspire meaningful discussions, 

new collaborations, and practical solutions in the global fight against antimicrobial resistance. 

 

Dr Zorana Kovačević, associate professor 

President of the Scientific and Program Committee 
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THE PLASTISPHERE'S HIDDEN CARGO: MICROPLASTICS AS 

GLOBAL HIGHWAYS FOR RESISTANCE GENES 

KEY NOTE LECTURE 
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ABSTRACT 

Micro- and nanoplastic (MNP) pollution has emerged as one of the most 

pervasive environmental and food safety challenges of our time, with documented 

effects spanning all levels of biological organization. Beyond their well-characterized 

physical and chemical toxicity, MNPs harbor a subtler yet equally alarming threat: their 

capacity to serve as selective reservoirs and long-range vectors for microbial hazards, 

including potential pathogenic bacteria (PPB), antimicrobial resistance genes (ARG), 

and virulence genes (VG). Despite a rapidly expanding body of literature, the full scope 

of MNP-associated microbiological risks remains poorly characterized, hampered by 

study fragmentation, heterogeneous methodologies, and the inherent complexity of 

plastic-microorganism interactions across ecosystems. 

Microplastics entering aquatic environments are rapidly colonized by diverse 

microbial communities collectively termed the "plastisphere." Shotgun metagenomic 

profiling of biofilms formed on polypropylene particles incubated across urbanized 

aquatic ecosystems near Ostend (Belgium) revealed high taxonomic diversity spanning 

bacteria, eukaryotes, and fungi, including representatives of 53 PPB genera. While PPB 

constituted approximately 7% of total bacterial reads — notably enriched relative to 

surrounding planktonic communities — virulence gene profiles were dominated by 

genes associated with nutrition, adherence, and immune modulation rather than overt 

toxin production. Critically, biofilms selectively concentrated ARGs conferring 

resistance to nine major antibiotic families, including sulfonamides, macrolide-

lincosamide-streptogramin, tetracyclines, and beta-lactams, at higher abundances than 

surrounding water, despite lower overall diversity. The incubation site, driven by 

anthropogenic pressure gradients, emerged as the dominant structuring factor for both 
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community composition and resistance gene profiles, while no substrate-specific effect 

was detected between plastic and glass control particles — a finding that nonetheless 

underscores plastics' unique ecological risk given their mobility and persistence. 

The food safety implications of MNP-associated microbiology extend beyond 

environmental reservoirs into the food chain itself. Campylobacter jejuni — the leading 

bacterial cause of foodborne illness globally — readily forms biofilms on polyethylene 

terephthalate microplastics within 24 hours, with strain-specific densities reaching 

nearly 6 log CFU/MP. Genomic analyses identified key adherence genes, particularly 

peb3, capA, and capB, as critical determinants of biofilm formation capacity on MNPs, 

suggesting that plastic surface colonization is a genetically mediated, strain-dependent 

trait with direct implications for pathogen persistence and transmission along the 

poultry supply chain. 

The plastisphere does not operate in isolation. In ready-to-eat fresh-cut iceberg 

lettuce packaged under controlled atmospheres, shifts in microbial community 

dynamics — driven by oxygen depletion and CO₂ accumulation — select for spoilage 

organisms including Lactococcus, Serratia, and Rahnella species, illustrating how 

packaging materials and associated microbiota co-determine food safety outcomes. 

Integrating different layers of MNP effects within a systematic, evidence-based 

framework — linking MNP-associated (microbiological) outcomes to defined Key 

Events within Adverse Outcome Pathway networks — is essential to enable 

quantitative risk assessment and inform regulatory strategies. 

This lecture will present an integrated view of the plastisphere as a dynamic 

microbial interface connecting environmental contamination, antimicrobial resistance 

dissemination, and food safety, and will outline the research priorities needed to bridge 

current knowledge gaps. 

 

Key words: Microplastics; Global; Resistance; Genes. 
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FROM LAWS TO LIVESTOCK AND BEYOND: PRUDENT ANTIBIOTIC 

USE AND BENCHMARKING IN VETERINARY MEDICINE IN 

AUSTRIA 

KEY NOTE LECTURE 

Clair Firth1* 

1Centre for Veterinary Public Health& One Health, University of Veterinary Medicine, Vienna, Austria 

C.F. https://orcid.org/0000-0002-4919-7786 

*clair.firth@vetmeduni.ac.at 

ABSTRACT 
From January 2024 the Austrian Veterinary Medicines Law (Tierarzneimittelgesetz 

TAMG) translates the EU Veterinary Medicinal Products Regulation (EU) 2019/6 into 

national law, introducing a stringent framework for the use of antibiotics in animals. This 

presentation summarises the legal situation and illustrates how the law is expected to shape 

day-to-day veterinary practice, with particular emphasis on prudent use principles and the 

new benchmarking scheme for antibiotic consumption. 

Core stewardship rules in Austria: Routine administration of antibiotics to 

compensate for poor hygiene, housing or management, for growth promotion or for yield 

enhancement is now explicitly forbidden. Prophylactic use is restricted to exceptional 

situations in which the infection risk for individual or small groups of animals is “very 

high” and the potential consequences “severe”; every case must be duly justified and 

documented. Metaphylactic prescriptions require prior clinical diagnosis; each prescription 

for antibiotics expires five days after issue and the veterinarian must be able to provide their 

clinical reasoning for this choice. Targeted therapy is promoted through compulsory 

bacteriological culture and susceptibility testing whenever critical substances such as 

3rd/4th generation cephalosporins or fluoroquinolones are envisaged, when combinations 

of antibiotics are planned, or when systemic antibiotics for human medicine are 

considered. This compulsory use of susceptibility testing also applies to treatments for 

companion animals (pets and horses). 

Farm-level benchmarking: To make antibiotic usage transparent and drive reduction, 

the TAMG will establish an antibiotic benchmarking system based on antibiotic metrics 

that express the average number of treatment days per animal per year on every livestock 

farm. Threshold values and reduction targets will be fixed by the Austrian Federal Ministry 
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of Health; once these limits are exceeded farmers and their attending veterinarians must 

implement a staged response ranging from mandatory counselling and written 

improvement plans to formal training and expert farm audits. Responsibility for 

compliance is shared between the animal holder and the prescribing veterinarian and will 

be coordinated by the Austrian Animal Health Service (TGD/TGÖ). 

Data capture C documentation: All veterinary prescriptions for antibiotics must be 

retained for seven years and reported through an electronic interface linked to the national 

surveillance database, facilitating real-time monitoring. Antibiotics dispensed for use in 

food-producing animals have been reported to the authorities since 2015. Reporting of use 

in companion animals will be introduced according to EU deadlines. 

Implications for practice: The TAMG aims to shift Austrian farm veterinary 

medicine to a holistic, evidence-driven antibiotic stewardship model. By coupling strict 

indications and short prescription validity with obligatory diagnostics and transparent 

usage metrics, the legislation seeks to curb unnecessary antibiotic exposure, mitigate 

resistance development and align livestock production with One-Health objectives. Early 

engagement of practitioners and farmers in benchmarking processes, coupled with targeted 

training courses as foreseen in the law, will be critical for successful implementation. 

Key words: Antibiotic; Benchmarking; Veterinary medicine; Austria. 
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COMPLIANCE OF CURRENT LEGISLATION WITH USER REQUIREMENTS IN 

MICROBIOLOGICAL CONTROL OF FOODSTUFFS 

KEY NOTE LECTURE 

Dragana Plavšić1* 
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*dragana.plavsic@fins.uns.ac.rs 
ABSTRACT 

The Rulebook on General and Specific Conditions of Food Hygiene establishes 

the fundamental microbiological criteria for food safety at all stages of production, 

processing, and distribution. The Guide to Microbiological Criteria for Food is intended 

for food business operators as a supporting document for the implementation of the 

Rulebook on Microbiological Criteria for Food. The prescribed microbiological criteria 

apply to all food business operators involved in the production, processing, and 

distribution of food. Food business operators are required to ensure that food complies 

with the requirements set forth in the Rulebook on Microbiological Criteria for Food. 

However, the aforementioned Rulebook and the Guide do not comprehensively cover 

all categories of products, semi-finished products, and raw materials placed on the 

market. A significant proportion of primary food producers is not directly covered by 

these criteria. Food business operators expect clearly defined criteria, as well as 

guidance on the interpretation of test results in relation to the applicable regulations. 

On the other hand, entire product groups - such as cereal - and flour - based products, 

confectionery products, spices, and spice blends - are omitted. Product groups such as 

fruit and vegetable products, as well as meat products, are only partially covered. The 

lack of alignment between regulatory provisions and the needs of food business 

operators creates practical challenges for laboratories conducting microbiological 

testing of food safety. It is not straightforward to justify that products not explicitly 

covered by the Rulebook should nevertheless be tested, nor to determine which 

parameters should be analyzed, which limit values should be applied, and what should 

be considered acceptable or unacceptable based solely on test results. It should also be 

emphasized that, in accordance with the aforementioned Rulebook, the primary 

responsibility for ensuring food safety rests with food business operators. 

Key words: Rulebook on Microbiological Criteria for Food; Microbiological testing of food safety. 
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A MULTIDIMENSIONAL APPROACH TO ANTIMICROBIAL 

RESISTANCE IN COMPANION ANIMALS: BRIDGING 

MICROBIOLOGICAL EVIDENCE AND HUMAN BEHAVIOR 
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ABSTRACT 
Antimicrobial resistance in companion animals represents a critical One Health 

challenge shaped by the interconnection between bacterial evolution and human 

behavior. To comprehensively map this multidimensional crisis in North Macedonia, 

this work synthesizes microbiological evidence across clinical and commensal bacteria 

with the behavioral practices of both veterinary professionals and pet owners. 

The investigation into Staphylococcus species and Escherichia coli demonstrate a profound 

resistance burden. Pathogens isolated from household pets and shelter animals exhibit 

extensive multidrug-resistant phenotypes, driven by advanced evolutionary 

adaptations including methicillin resistance and the production of extended-spectrum 

beta-lactamases (ESBLs) and AmpC enzymes. Furthermore, these isolates frequently 

demonstrate resistance to critically important antimicrobials, severely limiting available 

therapeutic options. 

This severe microbiological landscape is intrinsically linked to systemic 

behavioral shortcomings in veterinary medicine. Small animal practitioners frequently 

rely on empirical therapy, often bypassing routine diagnostic procedures such as 

antimicrobial susceptibility testing. Such prescribing habits directly contribute to 

occasional treatment failures and amplify the selective pressure for resistant strains. 

At the household level, pet owner habits further compromise antimicrobial 

stewardship. While general awareness of antimicrobial resistance is high, it largely fails 

to translate into responsible domestic practices. Owners routinely maintain broad 

expectations for antibiotic prescriptions, improperly store leftover medications for 

future use, and administer human-intended antibiotics to their pets without veterinary 
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oversight. Additionally, the shelter environment exacerbates the crisis, where high-

density communal housing, prolonged stays, and unregulated empirical antibiotic use 

drive the emergence and dissemination of resistant pathogens. 

The emergence of antimicrobial resistance in companion animals in North 

Macedonia is a multifaceted crisis driven by the intersection of pathogen adaptability, 

empirical veterinary prescribing, and unregulated household and shelter practices. 

Mitigating this threat necessitates a unified One Health approach focused on integrating 

routine diagnostic testing, establishing stringent infection control protocols, and 

enhancing comprehensive educational initiatives for both professionals and the public. 

 

Key words: Antimicrobial resistance; One Health; Multidrug resistance; Antimicrobial 

stewardship. 
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BEYOND THE CLINIC: WASTEWATER SURVEILLANCE AS A GAME-

CHANGER IN THE FIGHT AGAINST AMR 

KEY NOTE LECTURE 

Ivana Ćirković1* 
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ABSTRACT 

Antimicrobial resistance (AMR) is recognized as one of the most significant 

global public health threats of the 21st century, compromising the effective treatment of 

infectious diseases and increasing morbidity, mortality, and healthcare costs worldwide. 

Traditional AMR surveillance systems are primarily based on clinical data obtained 

from healthcare settings; however, these approaches often underestimate the true 

dissemination of resistant microorganisms and resistance genes within the 

community. In recent years, wastewater-based surveillance has emerged as an 

innovative and powerful tool for monitoring AMR dynamics at the population level. 

Wastewater represents a complex  reservoir containing microorganisms, 

antimicrobial residues, and genetic determinants of resistance originating from 

hospitals, households, pharmaceutical industries, agriculture, and animal production 

systems. As such, wastewater surveillance provides a unique opportunity to capture 

real-time information on the circulation and spread of AMR within human populations 

and the broader environment. Advances in molecular biology, metagenomics, and high-

throughput sequencing technologies have significantly enhanced the ability to detect, 

quantify, and characterize antimicrobial resistance genes in wastewater ecosystems. 

This presentation will discuss the role of wastewater surveillance as an early 

warning system for emerging resistance trends and its importance in supporting public 

health decision-making. Particular emphasis will be placed on the integration of 

environmental surveillance into the One Health framework, linking environmental, 

animal, and human health sectors. The lecture will also address current methodological 

challenges, including standardization of sampling strategies, data interpretation, and 

harmonization of surveillance protocols. 

 

Key words: Antimicrobial resistance; Antimicrobial resistance genes; One Health; Monitoring; 

Wastewater. 
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MULTIRESISTANCE TO PANRESISTANCE - ANTIMICROBIAL 

RESISTANCE PATTERNS IN ANIMAL ISOLATES. 

HOW BIG IS THE PROBLEM WE ARE FACING? 

KEY NOTE LECTURE 

Ákos Jerzsele1*, Patrik Mag1 and Ádám Kerek1 
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ABSTRACT 

Antimicrobial resistance (AMR) is becoming an ever-emerging threat both in 

food producing and companion animals. Our results demonstrate the increasing 

tendency in resistance patterns in both fields. In dogs, clinical isolates of Staphylococcus 

pseudintermedius represent a major challenge, particularly due to the increasing 

prevalence of multidrug-resistant (MDR) and extensively drug-resistant (XDR) strains, 

which significantly limit therapeutic options. In our study, antimicrobial susceptibility 

profiles of 243 canine clinical isolates were analyzed, with particular emphasis on 

differences between methicillin-resistant (MRSP) and methicillin-susceptible (MSSP) 

populations. Overall, 50.6% of isolates were classified as MDR and 17.3% as XDR, 

resulting in a combined proportion of 67.9% exhibiting resistance to at least three 

antimicrobial classes. Methicillin resistance was strongly associated with multidrug 

resistance: 100% of MRSP isolates were resistant to ≥3 antimicrobial classes, with the 

majority categorized as XDR. In MSSP isolates, 55.6% were classified as MDR and 4.6% 

as XDR, indicating a substantially lower but still considerable resistance burden 

compared to MRSP. Marked differences in antimicrobial susceptibility were identified 

between MSSP and MRSP isolates. MRSP strains exhibited substantially higher 

resistance rates to tetracyclines, macrolides, lincosamides and fluoroquinolones, 

whereas MSSP isolates retained higher susceptibility within these classes. Resistance to 

β-lactam antibiotics was consistently present in MRSP isolates. Florfenicol 

demonstrated near-complete efficacy, while amikacin showed the most favorable 

activity among aminoglycosides. Rifampicin also exhibited high activity, although its 

clinical use is restricted due to regulatory considerations in the EU. 

https://orcid.org/0000-0002-3380-0827
https://orcid.org/0009-0006-0236-4117
https://orcid.org/0000-0002-7837-2459
mailto:jerzsele.akos@univet.hu


5th International Conference “Antimicrobial Resistance – Current State and Perspectives” 

16 

 

 

Our another comprehensive study in livestock assessed the resistance profiles of 

commensal Escherichia coli and Enterococcus spp. isolated from large-scale poultry and 

swine farms in Hungary. Minimum inhibitory concentrations were determined, 

followed by next-generation sequencing (NGS) to characterize the genetic basis of 

resistance. Among 881 poultry-derived E. coli isolates, 420 (47.7%) were classified as 

MDR, including 122 (13.8%) XDR and 12 (1.4%) pandrug-resistant (PDR) strains. In 

addition, of the 218 pre-screened poultry-derived Enterococcus isolates, 196 (89.9%) were 

MDR, including 8 XDR and 1 PDR strain. In swine, analysis of 203 MDR E. coli isolates 

revealed a 63% prevalence of extended-spectrum β-lactamase (ESBL) producers, 

predominantly associated with plasmid-borne blaCTX-M and blaTEM genes. The detection 

of XDR and PDR strains, together with the high prevalence of ESBL-producing bacteria 

and mobile genetic elements, indicates a substantial AMR reservoir in food-producing 

animals. These findings underscore the urgent need for continuous national 

surveillance and stricter antimicrobial stewardship in livestock production in order to 

reduce the risk of zoonotic transmission. 

 

Key words: Antimicrobial resistance; Veterinary; One Health; Panresistance; Companion 

animals; Livestock. 
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ABSTRACT 

Antimicrobial resistance (AMR) is a major global and Planetary Health challenge, 

driven largely by the overuse and misuse of antibiotics in human medicine, agriculture, 

and the environment. While it is widely assumed that patient nonadherence to 

prescribed antibiotic courses contributes to AMR, its direct causal role remains 

uncertain. Resistance develops through complex mechanisms, including inappropriate 

prescribing, bacterial mutation, transmission, and environmental contamination, 

making it difficult to isolate the impact of early discontinuation. Emerging evidence 

suggests that, for many non-severe respiratory tract infections, shorter antibiotic courses 

are as effective as longer ones, with fewer adverse effects. In contrast, prolonged 

antibiotic exposure may itself promote resistance. This challenges the traditional 

message that completing the full course is always necessary and supports a shift toward 

more individualized, evidence-based treatment durations. From a Planetary Health 

perspective, unnecessary or extended antibiotic use contributes to environmental 

contamination through wastewater and agricultural pathways, creating conditions that 

favor the emergence and spread of resistant bacteria. Therefore, optimizing antibiotic 

duration—often embracing the “shorter is better” principle—may benefit both patient 

outcomes and ecological sustainability. Reconsidering antibiotic adherence within this 

broader context highlights the need for stewardship strategies that integrate clinical 

effectiveness with environmental responsibility. 

 

Key words: Antimicrobial resistance; Health; Antibiotic; Therapy. 
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ABSTRACT 

Antimicrobial resistance (AMR) represents a major global health threat and is 

recognized as one of the top ten public health challenges of the 21st century. Infections 

caused by multidrug-resistant (MDR) bacteria significantly complicate patient 

management, leading to prolonged hospital stays, increased morbidity and mortality, 

and higher healthcare costs. The growing prevalence of resistant pathogens limits 

therapeutic options and underscores the need for continuous surveillance and 

coordinated response strategies. 

In Serbia, AMR surveillance is conducted through the National Reference 

Laboratory for Antimicrobial Resistance (NRL for AMR), established by the Ministry of 

Health in 2008, and through participation in the Central Asian and European 

Surveillance of Antimicrobial Resistance (CAESAR) network since 2013. This study 

aims to present national surveillance data on the prevalence, trends, and resistance 

patterns of invasive bacterial isolates in humans during 2024. 

The national surveillance network includes 24 clinical microbiology laboratories, 

covering approximately 80% of the Serbian population. Data are collected on eight 

clinically relevant bacterial species: Escherichia coli, Klebsiella pneumoniae, Pseudomonas 

aeruginosa, Acinetobacter spp., Staphylococcus aureus, Enterococcus faecalis/faecium, and 

Streptococcus pneumoniae. All participating laboratories apply EUCAST standards for 

antimicrobial susceptibility testing and interpretation, ensuring comparability of 

results. Only primary invasive isolates were included in the analysis to ensure 

consistency and epidemiological relevance. 
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In 2024, a total of 3,879 primary invasive bacterial isolates were analyzed. The 

results indicate a high level of resistance across all monitored species. Notably, 

resistance in Klebsiella pneumoniae reached 90.3% for third-generation cephalosporins 

and 68.5% for carbapenems. Carbapenem resistance in Escherichia coli remained 

relatively low at 1.5%, while significantly higher rates were observed in Pseudomonas 

aeruginosa (46.5%) and Acinetobacter spp. (96.6%). 

Among Gram-positive bacteria, 22.3% of Staphylococcus aureus isolates were 

methicillin-resistant, while vancomycin resistance in Enterococcus faecium reached 56.5%. 

A substantial proportion (41.2%) of Streptococcus pneumoniae isolates showed resistance 

to penicillin. 

Multidrug resistance was particularly prominent, with MDR isolates detected in 

32% of Escherichia coli and 77% of Klebsiella pneumoniae isolates. Similarly, 50% of 

Pseudomonas aeruginosa and as many as 96% of Acinetobacter spp. isolates exhibited 

multidrug resistance, indicating a critical level of therapeutic limitation. 

According to the NRL for AMR report, Serbia remains among the European 

countries with the highest proportion of resistant bacterial isolates, with patterns 

comparable to those observed in Southern and Eastern Europe. Comparison with 2023 

indicates stable yet persistently high resistance rates, with certain worrying increases 

among specific pathogens. The findings highlight the urgent need for a comprehensive, 

multidisciplinary approach to address AMR. Key priorities include strengthening 

surveillance systems, improving infection prevention and control measures, promoting 

rational use of antimicrobials, advancing microbiological diagnostics, and ensuring 

continuous education of healthcare professionals and the public. Sustained national and 

international collaboration is essential to mitigate the impact of antimicrobial resistance 

and preserve the effectiveness of existing therapies. 

 

Key words: Antimicrobial resistance; Multidrug-resistant isolates; Surveillance; CAESAR 
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ABSTRACT 

The continuous emergence and persistence of Listeria monocytogenes in ready-to-

eat (RTE) foods remains a major public health concern across Europe due to the 

dissemination of food-adapted clonal complexes (CCs) associated with persistence in 

food-processing environments and invasive listeriosis. This study analysed the 

distribution of L. monocytogenes clonal complexes detected in Serbian food products 

collected between 2020 and 2025 and compared the observed patterns with current 

European molecular epidemiology data. A total of 173 isolates originating from bakery 

products, fish and fishery products, meat and meat products, milk products, vegetables, 

and environmental swabs were characterised using high-throughput real-time PCR 

typing (EURL-Lm, ANSES, France). The predominant food categories were meat and 

meat products (77 isolates; 44.5%), fish and fishery products (62; 35.8%), and combined 

food products (26; 15.0%). Lineage II predominated (151 isolates; 87.3%), followed by 

Lineage I (22; 12.7%), while one isolate displayed mixed lineage characteristics. 

Serotype IIa was most common (121 isolates; 69.9%), followed by IIc (31; 17.9%), IIb (11; 

6.4%), and IVb (9; 5.2%). The most prevalent clonal complexes were CC155 (n=51), CC9 

(n=31), CC121 (n=26), CC8 (n=13), CC37 (n=10), CC26 (n=9), and CC11 (n=3), while CC5, 

CC14, CC87, CC3, CC7, CC18, and CC224 occurred sporadically. CC155 (29.5%) was 

strongly associated with fish and fishery products, consistent with European 

surveillance reports describing persistent Lineage II clones in smoked and RTE seafood 

products. This clone is considered moderately virulent but highly adapted to food-

processing environments through enhanced stress tolerance, persistence under cold and 

saline conditions, and biofilm-forming capacity. CC9 (17.9%) represented the second 

most frequent clone and was mainly linked to meat products. Widely recognised as a 
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meat-processing-associated clone in Europe, CC9 is considered hypovirulent because of 

frequent inlA mutations, yet demonstrates strong persistence, biofilm formation, and 

tolerance to environmental stresses and disinfectants. European studies also 

increasingly report antimicrobial resistance determinants and benzalkonium chloride 

tolerance genes within this clone. CC121, the third most common clone (15%), was 

predominantly detected in bakery and meat products. Although generally regarded as 

hypovirulent due to truncated inlA variants, CC121 is highly adapted to industrial 

environments through stress survival islands, disinfectant tolerance genes such as 

qacH, and excellent biofilm-forming ability. Its widespread distribution across Serbian 

food matrices suggests long-term persistence and possible cross-contamination within 

processing chains. CC8 and CC37 were mainly associated with meat and bakery 

products and are recognised as food-processing-associated clones with increased 

environmental tolerance and biofilm-forming potential. CC26 and CC14 were mostly 

recovered from fish and meat products, whereas CC11, CC5, and CC87 occurred 

sporadically but remain epidemiologically important because several have been 

associated with invasive listeriosis outbreaks in Europe. The detection of CC87 in 

poultry and veal products is particularly notable due to its emerging hypervirulent 

profile linked to LIPI-4 and invasive clinical disease. Overall, the Serbian distribution 

pattern mirrors the current European molecular epidemiological landscape, 

characterised by the predominance of persistent Lineage II food-adapted clones such as 

CC155, CC9, and CC121, while hypervirulent clones occur less frequently but remain of 

considerable public health concern. These findings highlight the ecological adaptability 

of L. monocytogenes in Serbian food chains and emphasize the need for continuous 

genomic surveillance, harmonised molecular monitoring, and risk-based control 

strategies aligned with European frameworks. 
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ABSTRACT 

The global escalation of antimicrobial resistance (AMR) necessitates a paradigm 

shift in veterinary pharmacology, prioritizing both therapeutic efficacy and long-term 

environmental sustainability. Central to this transition is the "prescribing cascade," a 

critical regulatory mechanism that empowers veterinarians to exercise clinical judgment 

when authorized medicinal products are unavailable for specific indications or species. 

This paper explores the strategic significance of the cascade as a tool for ensuring the 

sustainability of livestock production by balancing animal welfare with public health 

imperatives. 

In the context of intensive farming, the application of the cascade is not merely a 

legal workaround but a cornerstone of stewardship and clinical governance. By 

allowing for the targeted selection of antimicrobial agents based on pharmacodynamic 

precision and diagnostic evidence, the cascade prevents therapeutic failure and reduces 

the necessity for repeated, broad-spectrum interventions. Such precision is vital for 

maintaining the economic viability of farm operations while simultaneously mitigating 

the selection pressure that drives the emergence of resistant phenotypes. 

Furthermore, the study examines the ethical and technical complexities inherent 

in off-label prescribing, particularly regarding the recalculation of withdrawal periods 

(WDT). Ensuring the absence of pharmacologically active residues in the food chain is 

paramount to maintaining consumer trust and the overall sustainability of the livestock 

sector. The role of the veterinarian is thus redefined as a risk manager who must 

calibrate the nexus between the immediate biological needs of the animal and the 

broader "One Health" objectives. 

The conclusion asserts that a robust understanding and disciplined application of 

the prescribing cascade are essential for the future of sustainable animal husbandry. By 
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integrating advanced pharmacokinetic principles and evidence-based diagnostics, the 

veterinary profession can safeguard the existing antimicrobial arsenal, ensuring that 

livestock production remains both productive and ecologically responsible in an era of 

increasing microbial threats. 

 

Key words: Antimicrobial stewardship; Prescribing cascade; Livestock sustainability; 

Veterinary pharmacology; Off-label use. 
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ABSTRACT 

As a candidate country for membership in the European Union, Montenegro is 

obliged to align its national legislation with the EU acquis. Within the Programme of 

Accession of Montenegro to the European Union, which envisages the alignment of 

Montenegrin strategic and legislative framework with the acquis communautaire, the 

area of veterinary medicinal products is covered under negotiating Chapter 1 – Free 

Movement of Goods. 

Montenegro has achieved a significant degree of harmonisation of legislation 

with the European Union acquis in the field of veterinary medicinal products, including 

the implementation of key provisions of Regulation (EU) 2019/6 on veterinary medicinal 

products and repealing Directive 2001/82/EC, as well as other relevant legislation 

governing veterinary medicinal products, through the Law on Medicinal Products and 

related secondary legislation. This has established a legal framework covering the 

conditions for placing on the market, prescribing and use of veterinary medicinal 

products, the pharmacovigilance system, as well as supervision over the distribution 

and safety of these products, while also introducing new regulatory measures to fight 

antimicrobial resistance. 

As a basis for addressing the issue of antimicrobial resistance, rules have been 

established promoting the prudent and responsible use of antimicrobial medicinal 

products. The routine use of antimicrobials or their use as a compensation for poor 

hygiene, inadequate animal husbandry or lack of animal care is prohibited, as well as 

their use in animals for promoting growth nor to increase yield. The use for prophylaxis 

and metaphylaxis is limited only to exceptional circumstances, for administration to an 

individual animal or a restricted number of animals. 

In order to preserve, for as long as possible, the effectiveness of certain 

antimicrobial medicinal products in the treatment of infections in humans, the use in 
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animals of antimicrobials considered critically important for the prevention or 

treatment of life-threatening human infections is prohibited. 

Given that the improper use of antimicrobial medicinal products poses a risk to 

both public health and animal health, antimicrobial veterinary medicinal products may 

be supplied only upon veterinary prescription. A veterinarian may issue a veterinary 

prescription only after conducting a clinical examination or other appropriate 

assessment of the health status of the animal or group of animals, and only for the 

quantity necessary for the treatment of that animal or group of animals belonging to the 

same owner. 

Stricter rules on the advertising of veterinary antimicrobial medicinal products 

have also been introduced. Furthermore, a legal obligation has been established to 

collect appropriate and comparable data on the volume of sales and use of antimicrobial 

medicinal products in animals. 

In conclusion, it may be noted that the legal and institutional framework in 

Montenegro follows modern European trends in combating antimicrobial resistance, 

while further efforts should be directed towards the consistent implementation of 

legislation, strengthening of controls, and continuous education of all stakeholders 

involved in the system. 
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ABSTRACT 

Ministry of Agriculture, Forestry and Water management- Veterinary Directorate 

as central institution rensponsilbe for animal health control recognize that antimicrobial 

resiastance is one of the most urgent global health treats and that demands immediate 

action to safeguars our ability to treat human and animals. During past few years a lot 

of activities has been conducted. National programme for control af antimicrobial 

resistance, was adopted in 2019, for period 2019-2021, together Ministry of Health and 

Ministry of Agriculture where some specific activities are recognized. For decades 

usage of antimicrobials in animals as growth promoters during the production proces is 

forbiden where from 2025 and following the EU reqierements for usage of 

antimicrobials in food producing animals new Rulebook on the List of substances that 

cannot be used in the production of veterinary medicinal products for the treatment of 

animals whose products are used for human consumption has been adopted. Through 

the project TCP/SRB/4001 of the Food and Agriculture Organization of the United 

Nations (FAO) "Support to the Republic of Serbia in the fight against antimicrobial 

resistance in the food production sector and agriculture by applying the concept of One 

Health", the Veterinary Directorate created guides for the responsible and rational use 

of antibiotics with the aim of improving national capacities to control antimicrobial 

resistance and protect public health. Guides for the responsible and rational use of 

antibiotics in cattle, sheep and goats, pigs, poultry and dogs and cats have been 

developed. The goal of these national guidelines is to provide a unique, professionally 

based framework for the rational use of antibiotics, while preserving their effectiveness 

and reducing the risk of developing antimicrobial resistance. Veterinarians have a 

central role in the implementation of these principles through proper diagnosis, 
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responsible therapeutic decision-making, producer and owners education and 

continuous supervision over the use of antimicrobial drugs and about the importance of 

antimicrobial resistance and the responsible and rational use of antibiotics. In the 

Republic of Serbia, from September 1, 2025, the Plan for the implementation of 

monitoring and reporting on antimicrobial resistance of zoonotic and commensal 

bacteria in the Republic of Serbia for the period 2025/2026 has been adopted by 

Veterinary Directorate and it is still ongoing This Plan defines in more detail the way of 

conducting monitoring, handling and reporting on antimicrobial resistance (hereinafter: 

AMR) of zoonotic and commensal bacteria with the aim of monitoring AMR and 

reporting on tests carried out on the resistance of bacteria (resistance and multi-

resistance) to certain antimicrobial agents in zoonotic and commensal bacteria in 

domestic animals and in food. The monitoring plan was prepared in accordance with 

Commission Decision (EU) 2020/1729 on the monitoring and reporting of resistance of 

zoonotic and commensal bacteria to antimicrobial agents. In all this regards Veterinary 

Directorate is curently working on the several actions in terms of harmonization all 

relevant legislation as well as raising awarenes of all stakeholders. 
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ABSTRACT 

Antimicrobial resistance (AMR) in veterinary medicine represents one of the 

most significant global public health challenges of the modern era, with direct 

implications for animal, human, and environmental health. The use of antibiotics in 

veterinary medicine is a key component of modern animal production, but also one of 

the main factors contributing to the development of AMR. The therapeutic use of 

antibiotics includes the treatment of clinically manifested bacterial infections in animals, 

where the choice of antimicrobial agent is based on clinical diagnosis and, under 

optimal conditions, on the results of microbiological testing and antimicrobial 

susceptibility testing (antibiogram). Metaphylactic use, although sometimes necessary 

for controlling the spread of infections within a herd, requires strict veterinary 

assessment and clear indication to avoid unnecessary antimicrobial use. Non-

therapeutic use of antibiotics, including prophylactic application and use for the 

purpose of improving production performance, represents a significant public health 

concern due to its contribution to the selection and spread of resistant bacterial strains. 

Contemporary regulatory frameworks, particularly in the European Union through 

Regulation (EU) 2019/6, significantly restrict such practices by prohibiting routine 

prophylaxis and the use of antibiotics as growth promoters, while emphasizing 

mandatory veterinary oversight and rational use. Modern strategies place special 

emphasis on disease prevention through biosecurity measures, vaccination, and the 

improvement of animal husbandry conditions, thereby reducing the need for antibiotic 

use. Additionally, the concept of “antimicrobial stewardship” promotes responsible and 

targeted use of antimicrobials based on diagnostic evidence. In conclusion, a balanced 

and scientifically grounded use of antibiotics in veterinary medicine, with strict 

adherence to regulatory frameworks and implementation of preventive measures, 

https://orcid.org/0000-0001-8764-7023
https://orcid.org/0000-0001-5264-3890
https://orcid.org/0000-0002-9966-9411
mailto:lejla.velic@vfs.unsa.ba


5th International Conference “Antimicrobial Resistance – Current State and Perspectives” 

29 

 

 

represents a key element of sustainable animal production and public health protection. 

The most common mistakes in antibiotic use in animal production include empirical 

and non-therapeutic application, improper dosing, failure to observe withdrawal 

periods, and insufficient implementation of biosecurity measures. Overcoming these 

challenges requires strengthening veterinary supervision, applying diagnostic-guided 

therapy, and consistently implementing international guidelines within the “One 

Health” concept. 
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ABSTRACT 

Food of animal origin, primarily poultry meat and eggs, remains the most 

significant source of human Salmonella infections. This risk is exacerbated by specific 

food preparation practices, such as inadequate thermal processing, and the potential for 

cross-contamination. In poultry production, salmonellosis often manifests with mild or 

absent clinical symptoms, frequently resulting in the empirical and indiscriminate use 

of antibiotics. Such uncontrolled application is a major driver for the emergence of 

antimicrobial resistance (AMR). While the treatment of Salmonella-positive flocks is 

restricted and requires specific regulatory approvals, the efficacy of such measures 

remains questionable due to pre-existing resistance patterns. This study aimed to 

evaluate the AMR and biofilm-forming capacity of 12 Salmonella isolates. Strains from 

chicken meat (n=5) included S. Virchow (n=1), S. Infantis (n=2), and S. Enteritidis (n=2), 

while those from feces (n=7) were S. Enteritidis (n=5), S. Infantis (n=1), and Salmonella 

Group B (n=1). Biofilm production was determined by crystal violet assay at a 

temperature of 37°C. AMR was assessed using the disk-diffusion method against eleven 

antibiotics. All isolates (100%) were resistant to erythromycin, and nine (75%) to 

azithromycin. Resistance to trimethoprim-sulfamethoxazole, ceftriaxone, and 

enrofloxacin was observed in single isolates (8.33% each). Notably, nine isolates (75%) 

were resistant to two antibiotics, one (8.33%) to three, and one (8.33%) to four different 

classes, clearly indicating multidrug resistance (MDR). Regarding biofilm production, 

most isolates were weak producers (41.67%), followed by non-producers (33.33%) and 

moderate producers (25%), with no strong producers identified (p>0.05). The observed 
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multidrug resistance, coupled with biofilm-forming capacity, suggests these isolates 

possess complementary survival strategies. The results suggest that a temperature of 

37°C may favor planktonic growth associated with host colonization. Future research 

should focus on environmental temperatures (20–25°C) to better simulate food 

processing conditions. Continuous monitoring of survival mechanisms is essential to 

prevent the transmission of resistant Salmonella to humans. 

 

Key words: Salmonella spp.; Antimicrobial resistance; Biofilm; Poultry production; Food 

safety. 
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ABSTRACT 

Monitoring of antimicrobial resistance (AMR) is mandatory in all European 

Union Member States, as well as in candidate countries undergoing the accession 

process, in accordance with Commission Implementing Decision (EU) 2020/1729. In the 

Republic of Serbia, AMR monitoring has been implemented since 1 September 2025, 

based on the decision of the Veterinary Directorate of the Ministry of Agriculture, 

Forestry and Water Management (No. 002424622 2025 14841 001 000 000 001), through 

the “Plan for the Implementation of Monitoring and Reporting of Antimicrobial 

Resistance in Zoonotic and Commensal Bacteria in the Republic of Serbia for the Period 

2025/2026”. At the National Reference Laboratory for Antimicrobial Resistance (NRL-

AMR), validated protocols of the European Union Reference Laboratory for 

Antimicrobial Resistance (EURL-AMR) are applied for the selective isolation and 

identification of indicator commensal Escherichia coli and Escherichia coli producing 

extended-spectrum beta-lactamases (ESBL), AmpC beta-lactamases, and 

carbapenemases (CP). Isolation and identification of Salmonella spp. are performed 

according to ISO 6579-1:2017 and ISO 6579-3:2014 standards, while the isolation of 

Campylobacter spp. is carried out according to ISO 10272-1:2017. Identification of 

Campylobacter jejuni and Campylobacter coli is performed by PCR amplification according 

to the EURL-AMR protocol. Antimicrobial susceptibility testing of isolates is conducted 

using the ISO 20776-1:2021 method, with the EUCAST supplement for fastidious 

organisms. During 2025, samples originating from fattening pigs and cattle up to one 

year of age were analyzed. A total of 114 samples were tested, including 97 cecal 

content samples collected at slaughterhouses and 17 fresh meat samples (10 from retail 
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and seven from import consignments). From the analyzed samples, 55 indicator 

commensal E. coli isolates were recovered, of which 37 exhibited a multidrug-resistant 

phenotype. In addition, 66 ESBL-producing E. coli, four AmpC-producing E. coli, and 

seven E. coli isolates with a combined ESBL/AmpC phenotype were isolated. A 

carbapenemase phenotype was detected in one E. coli isolate originating from pig cecal 

content. A total of 13 Salmonella isolates were recovered from pig cecal samples, 

including eight isolates of Salmonella Typhimurium, three isolates of Salmonella Infantis, 

and two isolates of Salmonella Enteritidis. A multidrug-resistant phenotype was 

confirmed in six S. Typhimurium isolates and three S. Infantis isolates. During the 

conducted monitoring, no resistance to colistin, an antibiotic of critical importance in 

human medicine, was detected. The obtained results indicate the presence of 

multidrug-resistant bacteria in the food production chain of animal origin and confirm 

the importance of national AMR monitoring in the veterinary sector. The 

implementation of harmonized monitoring methods in accordance with EU standards 

and protocols represents an important step toward improving the AMR control system 

in the Republic of Serbia and promoting the “One Health” concept. 

 

Key words: AMR monitoring; EURL-AMR protocols; NRL-AMR; Zoonotic and commensal 

bacteria; Resistance. 
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ABSTRACT 

The FAO project TCP/SRB/4001 aims to provide technical assistance to the 

Republic of Serbia in strengthening national capacities to combat antimicrobial 

resistance (AMR) in food production and agriculture. In line with the FAO Action Plan 

on AMR 2021–2025, the project is based on the One Health approach, which recognizes 

the interconnection between human, animal, and environmental health. 

Within the framework of this project, a group of professors from the Faculty of 

Veterinary Medicine, University of Belgrade, and the Department of Veterinary 

Medicine, Faculty of Agriculture, University of Novi Sad, developed five guidelines for 

the responsible and rational use of antibiotics in domestic animals (poultry, cattle, pigs, 

sheep and goats, dogs, and cats). The guidelines were prepared on the basis of 

recommendations and standards issued by relevant international organizations, as well 

as national guidelines from other countries. 

The guidelines are intended to support veterinary practitioners in daily clinical 

practice when selecting appropriate antimicrobial therapy, with the goal of ensuring 

optimal patient treatment, preserving animal welfare, and reducing the emergence and 

spread of antimicrobial resistance. 

This document addresses the activities that veterinarians undertake, both 

individually and collectively as a profession, to preserve the effectiveness and 

availability of antimicrobial agents through responsible prescribing practices, 

professional supervision, and evidence-based clinical decision-making, while 

simultaneously protecting the health of dogs and cats, public health, and the 

environment. 

Special emphasis is placed on: accurate diagnosis, selection of antibiotics 

according to the principles of first-, second-, and third-line therapy, proper application 

of the cascade principle, prevention of diseases and reduction of the need for antibiotic 

use. 
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The therapeutic approach to treating dogs and cats differs significantly from the 

therapeutic approach used in food-producing animals. In companion animal veterinary 

medicine, in accordance with applicable national and international regulations, the so-

called cascade principle may be applied, allowing the use of medicinal products 

registered for other animal species or for human medicine when an appropriate 

veterinary medicinal product is not available. This means that certain antibiotics used in 

human medicine may also be administered to dogs and cats under specific conditions. 

Such an approach requires a high level of professional expertise, ethical responsibility, 

and thorough knowledge of the applicable regulations. 

In addition, one of the key objectives of these Guidelines is to familiarize 

veterinarians with a broad range of preventive, management, and alternative 

therapeutic strategies aimed at preventing the occurrence and spread of disease. 

Improvement of biosecurity measures, appropriate vaccination programs, optimization 

of nutrition and housing conditions, early diagnosis, application of supportive and non-

antimicrobial therapies, as well as continuous education of pet owners, represent 

important preventive measures that should be consistently implemented and 

continuously improved. 

The overall objective is to reduce the need for antibiotic use without 

compromising animal health and welfare, while simultaneously contributing to the 

protection of public health and reducing the risk of antimicrobial resistance 

development. 
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ABSTRACT 

Antimicrobial resistance (AMR) remains one of the leading global health threats, 

underscoring the importance of robust antimicrobial stewardship (AMS) strategies. In 

Hungary, notable progress has been achieved, particularly in the veterinary sector, 

where antibiotic consumption has declined substantially over the past decade despite 

previously high levels in the European benchmarking. In human health care, overall 

antibiotic use remains relatively low when measured as defined daily doses (DDD) per 

1,000 inhabitants per day, providing a favourable basis for further stewardship efforts. 

This qualitative study was conducted within the framework of the Designing 

AMR Solutions project, a multinational initiative funded by the Joint Programming 

Initiative on Antimicrobial Resistance. Using a snowball sampling approach, we 

recruited twelve Hungarian stakeholders from the human, animal, and environmental 

health sectors, representing ministerial, regulatory, and hospital/university/farmer 

levels. Data were collected through in-depth, semi-structured individual interviews that 

were transcribed verbatim and analysed thematically using NVivo 15 software. The 

main aim of this research was to collect all the advancements of the Hungarian AMS 

that are noticeable in practice by the health care professionals in the recent years. 

Veterinary health care professionals mentioned the strong EU financial protection 

for the implementation of AMS activities, the good communication between all levels 

within the sector, the comprehensive antibiotic resistance surveillance, the rapid and 

efficient legislation on AMR measures with strict rules for rational antibiotic use, and 

eventually the implementation of national action plan, as being the main drivers behind 
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the positive changes in AMS. Interviewees emphasized that this sector is aware of the 

problem of AMR and actively do against it with committed leadership. Authority level 

human health care professionals pointed out that the antibiotic utilization data are good 

quality and extensive, while clinical practitioners denoted that therapeutic drug 

monitoring and team consultation before initiation of an antibiotic therapy are 

occasionally available in some hospital settings. Even less improvements were reported 

by environmental health professionals, but the planning of antibiotic residue 

surveillance from wastewater had been a big step, evolved within the framework of 

international research projects. No other system-level, legislative or financial 

interventions could have been mentioned from the human and environmental sectors. 

The evidence of progress in the veterinary health care is indisputable, while the 

AMS changes in the human and environmental health leave many room for further 

improvement and highlight the strengthening foundation for more effective AMS 

implementation across all health sectors in Hungary. 
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ABSTRACT 

Modern swine production is challenged by a range of economically relevant 

bacterial pathogens, including Lawsonia intracellularis, Escherichia coli, Salmonella spp., 

Brachyspira spp., Streptococcus suis, and Actinobacillus pleuropneumoniae. These infections 

adversely affect animal health, productivity, and welfare and have historically driven 

extensive antimicrobial use. Intensive therapeutic and metaphylactic antimicrobial 

application exerts strong selective pressure on microbial populations, contributing to 

the emergence and dissemination of antimicrobial resistance (AMR), with implications 

extending across animal, environmental, and human health within the One Health 

framework. 

Phytogenics feed additives represent a non-antibiotic nutritional strategy to 

reduce antimicrobial reliance and support AMR mitigation in livestock systems. This 

narrative review synthesizes peer reviewed evidence concerning the application of 

phytogenic feed additives, such as essential oils, plant extracts, and defined bioactive 

phytochemicals, in the control of major bacterial diseases of swine. Emphasis is placed 

on their effects on pathogen load, modulation of intestinal health, immune function, 

and antimicrobial-sparing potential. 

Enteric and respiratory infections remain key drivers of antimicrobial 

consumption in modern pig production, especially during the nursery, grower, and 

finisher phases, when heightened disease pressure coincides with increased prevalence 

of resistance among several bacterial pathogens. Within this context, phytogenic feed 
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additives have demonstrated antimicrobial, anti-inflammatory, antioxidant, and gut-

barrier-supporting properties that can contribute to reduced pathogen pressure and 

improved host resilience to infection. While phytogenics are not a substitute for 

therapeutic antimicrobials, accumulating evidence indicates that, when properly 

formulated and applied, they can complement vaccination programs, biosecurity 

measures, and nutritional management strategies, particularly by reducing the need for 

routine metaphylactic antimicrobial use. 

The effectiveness of phytogenic interventions remains dependent on formulation, 

dosage, and production context. Nevertheless, phytogenic feed additives constitute a 

promising component of integrated disease control strategies in swine production. 

When implemented alongside vaccination, hygiene, and management practices, 

phytogenics may contribute to reduced reliance on antimicrobials and support One 

Health-oriented AMR mitigation. Further research under commercial production 

conditions is required to optimize application strategies and to quantify their long-term 

impact on antimicrobial use and resistance dynamics. 
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ABSTRACT 

Escherichia coli is frequently isolated from calves with neonatal diarrhea. 

Determining its antimicrobial resistance (AMR) profile is essential both for guiding 

effective treatment of clinical cases and for its role as a key indicator organism in AMR 

surveillance. Although AMR in calf-associated E. coli isolates is well documented, the 

temporal coexistence of multiple phenotypic resistance profiles within a single farm has 

received limited attention. 

This study aimed to characterize the temporal distribution, phenotypic diversity, 

and epidemiological implications of AMR profiles among E. coli isolates obtained from 

repeated samplings on one dairy cattle farm. 

Between November 2025 and January 2026, 13 E. coli isolates were recovered 

from a single dairy farm (feces from calves with neonatal diarrhea, lung tissue, and oral 

lesion swabs from calf diphtheria cases). Antimicrobial susceptibility was tested by disk 

diffusion (Kirby-Bauer) against ampicillin, amoxicillin/clavulanate, enrofloxacin, 

marbofloxacin, trimethoprim/sulfamethoxazole, gentamicin, tetracycline, ceftiofur, 

florfenicol, and streptomycin. Isolates were grouped into resistance profiles according 

to identical S/I/R combinations. 

Ten distinct phenotypic resistance profiles were identified among the 13 isolates. 

On the first sampling date alone, five fecal isolates displayed five different phenotypes, 

demonstrating marked within-farm heterogeneity. Ampicillin resistance was universal 

(13/13), and streptomycin resistance was nearly universal (12/12 tested). Susceptibility 

to the remaining agents varied widely, yielding profiles ranging from largely 

susceptible (e.g., resistance limited to ampicillin and streptomycin) to extensively drug-

resistant. One multidrug-resistant phenotype (Ph-7) persisted across two later sampling 

dates in multiple animals, while another highly resistant phenotype (Ph-10) was 

recovered from oral lesion swabs of two different calves on the final sampling date. 
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Repeated sampling of a single dairy cattle farm revealed a dynamic AMR 

landscape in E. coli, characterized by the simultaneous circulation of multiple 

phenotypically distinct subpopulations and the long-term persistence of selected 

multidrug-resistant profiles. These findings indicate that a single isolate may not 

adequately represent the resistance ecology of a problem herd and underscore the value 

of culture-based, longitudinal surveillance for effective herd-level antimicrobial 

stewardship. 
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ABSTRACT 

Raptors occupy critical positions as apex and mesopredators in the Danube 

Region's ecosystems, yet their populations face growing pressure from both 

anthropogenic threats and climate-driven factors such as infectious diseases. National 

conservation frameworks remain fragmented, and cross-border data sharing is 

inconsistent, leaving raptor populations poorly monitored and inadequately protected 

at the regional scale. The AVIATOR project (Avian Resilience and Adaptation through 

Awareness, Monitoring, Treatment, and Outreach for Raptors; DRP0301048), funded 

under the Interreg Danube Programme 2021–2027, brings together 13 institutions from 

10 countries to build a coordinated transnational response. As Lead Partner, the 

Institute of Veterinary Medicine of Serbia (IVMS) led the national baseline assessment 

of Serbia's raptor protection system and is coordinating the West Nile virus (WNV) 

vaccination pilot for captive birds of prey across Serbia, Montenegro, and Bulgaria. 

National data (2016–2025) show that poisoning is the most frequently documented 

cause of raptor mortality in Serbia: at least 61 Common buzzard (Buteo buteo) and 21 

White-tailed eagle (Haliaeetus albicilla) were recorded as poisoned, the latter a 

disproportionate toll given the species' estimated national population of only 150–190 

breeding pairs. Electrocution causes substantial losses — 88 B. buteo and 41 Common 

kestrel (Falco tinnunculus) died in 2021 alone, while trauma-related deaths between 2020 

and 2023 included 19 Eurasian Griffon Vulture (Gyps fulvus) and 9 F. tinnunculus. 

Among infectious diseases, WNV was the most consistently detected pathogen in free-

ranging raptors, confirmed in Eurasian goshawk (Accipiter gentilis), H. albicilla, and F. 

tinnunculus. Systematic screening of captive falcons in 2023/24 revealed heavy parasitic 

burdens: Caryospora spp. in 60 individuals and Porrocaecum spp. in 27 across falcon taxa. 

Similar threat profiles were recorded in partner countries, with 93 electrocution cases 
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and 31 poisoning incidents in Croatia (2015–2025), and over 143 electrocution fatalities 

across multiple species in Bulgaria. In response, a standardised inactivated WNV 

vaccination protocol has been developed, with pre-vaccination assessments targeting 

captive birds of prey per pilot site currently underway. Beyond direct disease control, 

vaccination reduces clinical WNV disease in immunologically naive birds, limiting the 

need for empirical antimicrobial therapy for secondary bacterial infections. The 

parasitic burden data carry a parallel relevance: parasitic infections in captive raptors 

are frequently mismanaged with broad-spectrum antibiotics, and wild raptor 

populations remain poorly characterised as reservoirs for antimicrobial-resistant 

bacteria — a gap this project begins to address through systematic health surveillance. 

 

Key words: Birds of prey; West Nile virus; Danube Region; Interreg; AVIATOR. 
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ABSTRACT 

The alarming rise of antimicrobial resistance (AMR) over the past decade has 

established it as a major global health threat, steadily eroding the effectiveness of 

contemporary infection treatment. The increasing prevalence of resistant 

microorganisms, coupled with limited outcomes in antibiotic development in the last 10 

years, compromises therapeutic success and challenges even the most advanced 

healthcare systems, signaling a shift toward a post-antibiotic era in which common 

infections may once again become difficult to treat. 

Yet, the roots of this crisis extend far beyond clinical settings and are usually 

overlooked. Beneath our feet lies a vast and dynamic microbial ecosystem: the soil 

microbiota. Soil microbial communities are shaped by an ancient evolutionary “arms 

race,” where microorganisms produce inhibitory compounds to outcompete rivals in 

resource-limited environments. This ecological dynamic is reflected in the discovery of 

major antibiotics, such as penicillin produced by fungi or streptomycin and 

chloramphenicol derived from soil bacteria. In turn, neighboring microbes evolve 

diverse antibiotic resistance mechanisms, creating a dynamic cycle of chemical offense 

and defense that drives co-evolution within the soil microbiome. 

This interconnected and competitive environment, can be viewed as a bustling 

marketplace of genetic exchange. Within this underground network, recent research has 

showen that, through horizontal gene transfer microorganisms continuously and 

“selflessly” trade genetic material, including AMR genes. The soil microbiota represents 

a rich but still largely underexplored genetic reservoir, with only a small fraction of its 

biosynthetic potential characterized to date. Advances in metagenomic sequencing and 
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environmental DNA (eDNA) analysis now enable direct identification of antibiotic-

producing microorganisms from complex soil communities. 

However, there is another side of the coin. The same microbial environment that 

serves as a source of antibiotic discovery also functions as a major reservoir of antibiotic 

resistance genes. Thus, the soil microbiome represents both a cradle of antimicrobial 

innovation and a long-standing evolutionary platform for resistance development. 

Recent evidence further complicates this picture, as two newly published studies 

indicate that heat and drought associated with climate change contribute to increased 

antibiotic resistance in natural environments. For Europe, the fastest-warming continent 

on average, this trend presents a particularly significant challenge. 

These findings suggest that antibiotic discovery cannot rely solely on already 

known microbial metabolites. Even within yet-uncharacterized antimicrobial 

compounds, corresponding resistance mechanisms may already exist due to long-term 

co-evolution. Therefore, a shift in strategy is required, integrating innovative 

approaches such as AI antibiotic design and CRISPR-based targeting systems. At the 

same time, greater emphasis should be placed on limiting horizontal gene transfer 

within microbial communities, rather than focusing exclusively on bacterial eradication. 

A study has shown that solutions may also be hidden in overlooked places, such as 

familiar compounds found in everyday foods—cinnamic acid, a natural substance 

present in cinnamon, which suppresses genes involved in bacterial DNA transfer and 

replication, both in vivo and in vitro. 

Effectively tackling AMR requires integrated strategies that combine novel 

antibiotic discovery with gene-targeted and ecological approaches, while recognizing 

the soil microbiome as both a source of new antimicrobials and a reservoir of resistance 

shaped by co-evolution. 
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ABSTRACT 

The global escalation of antimicrobial resistance (AMR) requires a fundamental 

paradigm shift in the management of agri-food by-products, moving beyond 

conventional, cost-intensive treatment toward high-value, safe-by-design valorization. 

This study explores an integrated biotechnological platform that transforms industrial 

and urban effluents into functional resources for advanced primary production. Central 

to this approach is the implementation of microbial fuel cells (MFCs), which utilize 

specialized biocatalysts to degrade organic matter in wastewater while simultaneously 

generating electricity. Through the development of specialized valorization routes, we 

repurpose the MFC catholyte, a liquid medium enriched with essential nutrients, as a 

sustainable fertilizer base for automated, closed-loop hydroponic systems. This strategy 

addresses the environmental selection pressure for AMR by replacing synthetic 

chemicals with on-site produced microbial biofertilizers. Such substitution is directly 

aligned with the European "Farm to Fork" strategy, which mandates a significant 

reduction in the use of chemical fertilizers and pesticides to ensure a resilient and toxic-

free food system. To achieve complete resource circularity, our model further valorizes 

the hydroponics waste solution alongside other system residuals. These effluents serve 

as nutrient-rich substrates for cultivating specialized microbial isolates from natural 

environments, specifically targeting the genera Azotobacter, Azospirillum, and Rhizobium. 

By formulating these nitrogen-fixing and biocontrol agents into liquid biostimulants 

and solid biofertilizers, we provide effective bio-based alternatives to traditional 

antimicrobials while minimizing biological risks throughout the valorization pathway. 

The transition toward such a circular bioeconomy not only minimizes the 

environmental footprint of the food and feed industry but also ensures that microbial 

interventions are reinforced by robust biological safety protocols. In compliance with 

EFSA recommendations, our approach prioritizes the safety assessment of microbial 
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strains to ensure the absence of transferable antimicrobial resistance genes, thereby 

safeguarding the integrity of the food chain. By validating these valorization routes 

within localized biorefineries, we address the critical challenge of horizontal gene 

transfer from "farm to fork." This integrated strategy offers a techno-economically viable 

pathway for producing microbial products that support global food security while 

fostering a safer, more sustainable transition toward future high-tech food systems. 

 

Key words: AMR mitigation; Circular bioeconomy; Microbial hydroponics; Microbial 

inoculants; Waste valorization. 
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ABSTRACT 

Potentiated sulfonamides are widely used in the treatment of porcine respiratory 

disease complex (PRDC), but their antibacterial activity depends on pharmacodynamic 

factors, including the ratio between trimethoprim (TMP) and the sulfonamide 

component. This study evaluated the effect of different TMP-sulfonamide ratios on in 

vitro  interactions  against  Pasteurella multocida,  Streptococcus  suis, 

Actinobacillus pleuropneumoniae and Glaesserella parasuis. Three combinations were tested 

at four ratios (1:5, 1:10, 1:19, 1:40), and interactions were assessed using the fractional 

inhibitory concentration index (FICI). Across most bacteria–drug combinations, the 1:5 

ratio was associated with more consistent synergistic interactions, while increasing the 

sulfonamide proportion reduced synergism and occasionally resulted in antagonism. 

Differences between sulfonamides were limited, although sulfachloropyridazine 

showed higher activity against selected pathogens. No consistent relationship was 

observed between MIC values and interaction patterns. These findings indicate that 

TMP-sulfonamide interactions are ratio-dependent and may not be adequately captured 

by a single fixed ratio. However, the clinical relevance of these findings requires further 

investigation. 

 

Key words: Trimethoprim-sulfonamide synergy; FICI; Antimicrobial interactions; Porcine 

pathogens. 
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ABSTRACT 

Antimicrobials are introduced into the environment through multiple pathways, 

including human and veterinary medicine, agricultural activities, and industrial 

effluents, leading to their widespread distribution acrossenvironmental compartments. 

Consequently, antibiotics are continuously released into surface water and 

groundwater, where they occur at low concentrations. They are recognised as 

significant and ecologically relevant pollutants of aquatic ecosystems. Despite their low 

concentrations, antibiotics exert significant selection pressure on microorganisms, 

facilitating the development and spread of antimicrobial resistance (AMR) through 

mechanisms such as the selection of resistant strains and horizontal gene transfer. 

Despite their environmental relevance, as well as negative implications for both human 

health and agriculture, antibiotics are not yet systematically included in the List of 

priority substances under the Water Framework Directive (WFD). However, due to 

emerging evidence of potential risks, certain antibiotic groups are periodically included 

in the EU Watch List of substances. The selection of antibiotics is aligned with the 

European One Health action plan against AMR, and recent revisions of the WFD 

propose the inclusion of three Watch List antibiotics (azithromycin, clarithromycin, and 

erythromycin) in the priority substances list. Furthermore, the NORMAN Network List 

of emerging substances includes a wide range of contaminants that are increasingly 

detected in the environment but are not yet fully regulated. Among these, numerous 

antibiotics from different classes have been identified, highlighting their widespread 

occurrence and potential role in the development and spread of AMR in aquatic 

ecosystems. Addressing the environmental dimension of antimicrobial resistance 

requires preventive strategies, with a strong focus on pollution control at the source. A 

more effective approach involves integrated monitoring of antibiotics and co-occurig 

contaminants, such as pesticides and heavy metals, in aquatic ecosystems, as these 

https://orcid.org/0000-0003-0836-9411
https://orcid.org/0000-0002-4013-0454
https://orcid.org/0009-0000-4482-9783
https://orcid.org/0009-0006-7954-9961
mailto:dragana.sunjka@polj.edu.rs


5th International Conference “Antimicrobial Resistance – Current State and Perspectives” 

50 

 

 

mixtures drive co-selection processes and enhance resistance development. Thus, 

improving wastewater treatment technologies, optimizing agricultural practices, and 

reducing diffuse pollution from intensive farming are key measures for minimising the 

environmental impact of bioactive compounds. In parallel, systematic environmental 

surveillance of antimicrobial resistance and associated chemical stressors should be 

incorporated into existing water quality monitoring frameworks. Finally, mitigating the 

spread of AMR in aquatic systems requires a holistic approach that integrates 

environmental protection, agricultural management, and public health strategies to 

reduce selective pressures on natural microbial communities. 
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ABSTRACT 

Beeswax, as a lipophilic matrix that is continuously recycled in beekeeping, 

represents a significant reservoir of various lipophilic contaminants, including 

pesticides and acaricides within the honeybee colony. Control of the parasite Varroa 

destructor is largely based on the application of acaricides such as coumaphos, amitraz, 

and tau-fluvalinate. Their improper or prolonged use may lead to the accumulation of 

residues in beeswax and the creation of selective pressure, which may potentially 

contribute to the development of resistance.The aim of this study was to determine the 

presence and levels of residues of coumaphos, amitraz, tau-fluvalinate, and 

imidacloprid in commercially available beeswax foundation sheets. The study included 

336 samples collected over a two-year period from the market in Vojvodina, including 

products from the six most prevalent manufacturers in commercial distribution. The 

results revealed a pronounced presence of coumaphos in the analyzed samples, with 

concentrations ranging from 0.182 to 1.252 mg/kg, with the highest values recorded in 

certain producers. In most samples, coumaphos levels significantly exceeded the 

maximum residue limit (MRL = 0.01 mg/kg), while only one sample was at or below the 

acceptable threshold. Amitraz was detected in all samples at low concentrations 

(0.0016–0.0031 mg/kg), well below the MRL (0.20 mg/kg), while tau-fluvalinate and 

imidacloprid were not quantified above the detection limit (0.01 mg/kg). These findings 

indicate dominant contamination of beeswax with coumaphos as the most persistent 

acaricide, while other substances were present at significantly lower levels or below 

detection limits, reflecting differences in their stability and behavior in beeswax as a 
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lipophilic matrix. The results clearly confirm that beeswax represents a long-term 

reservoir of contaminants, in which once-accumulated pesticides cannot be fully 

eliminated through recycling processes. On the contrary, melting and reprocessing of 

wax leads to their continuous redistribution within the honeybee colony, thereby 

maintaining and potentially increasing residue levels. In this way, a closed cycle of 

contamination is established, resulting in the long-term presence of pesticides in the 

hive and continuous exposure of both honeybee individuals and the parasite Varroa 

destructor. The continuous presence of pesticides in beeswax results in chronic exposure 

of honeybee colonies to sublethal concentrations, which may have multiple adverse 

effects, including impaired brood development, reduced vitality and longevity, 

behavioral changes, weakened immune response, and increased susceptibility to 

pathogens. Such chronic exposure may contribute to the impairment of physiological 

functions in honey bees, behavioral changes, and increased susceptibility to pathogens, 

while also creating conditions for selective pressure on the parasite Varroa destructor. 

Although this study does not directly investigate resistance, the obtained results 

indicate that the presence of residues in beeswax may represent one of the factors 

potentially contributing to the development of resistance in Varroa. In the context of 

global efforts to combat antimicrobial resistance, these findings highlight the need for 

more rational and controlled use of veterinary medicinal products in beekeeping, 

improvement of beeswax quality control systems, and enhanced beekeeper education in 

good veterinary and apicultural practices. The integration of these measures represents 

an important step toward reducing chemical burden in honeybee colonies and 

preserving their health and resilience. 
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ABSTRACT 

Antimicrobial resistance (AMR) is attributed to the selective pressure exerted by 

antibiotic use in human and veterinary medicine. However, emerging evidence 

indicates that non-antibiotic environmental stressors can also influence resistance 

dynamics. Mycotoxins, ubiquitous secondary metabolites produced by filamentous 

fungi, are well-recognized for their toxicological effects on animal and human health, 

yet their role in AMR ecology has been largely overlooked. This contribution examines 

current data supporting the hypothesis that mycotoxins could act as AMR-relevant 

contaminants through direct and indirect mechanisms. 

Many mycotoxins possess intrinsic antimicrobial properties and evolved as 

competitive compounds in microbial ecosystems. Chronic, low-dose exposure to these 

bioactive molecules can alter gut microbiota composition, disrupt epithelial barrier 

function, and induce inflammatory and oxidative stress responses. Such conditions 

favor the persistence of stress-tolerant microbial populations and may promote 

resistance-associated traits, including efflux activity, metabolic flexibility, and enhanced 

genetic adaptability. In food-animal production systems, mycotoxin-induced 

immunosuppression and intestinal dysfunction are associated with increased disease 

susceptibility, indirectly driving antimicrobial consumption and reinforcing classical 

resistance selection. 

Current regulatory frameworks evaluate mycotoxins almost exclusively through 

toxicological endpoints, without considering microbiome perturbation or implications 
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for antimicrobial resistance. Recognizing mycotoxins as AMR-relevant contaminants 

therefore represents a paradigm shift, integrating toxicology, microbiology, and 

resistance ecology within a One Health framework. Incorporating mycotoxin 

management into AMR mitigation strategies, through improved feed quality control, 

mycotoxin risk assessment, and microbiome-supportive interventions, may reduce 

antimicrobial reliance and enhance the sustainability of food-animal production 

systems. Further interdisciplinary research is required to quantify mycotoxins' 

contribution to resistance dynamics and inform evidence-based policy development. 
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ABSTRACT 

Antimicrobial resistance (AMR) in intensive broiler production represents a 

systemic challenge with implications directly affecting food safety and public health. 

Intensive broiler production operates under continuous pressure from opportunistic 

pathogens (Escherichia coli, Clostridium perfringens) and zoonotic agents (Salmonella spp., 

Campylobacter spp.), necessitating a high degree of biological security. This paper 

analyzes the mechanisms through which technological production imperatives and 

existing therapeutic protocols contribute to the selection and dissemination of resistant 

strains. A specific focus is placed on the technological pressure resulting from shortened 

downtime between production cycles. From a scientific perspective, this practice 

disrupts decontamination dynamics and compromises the efficacy of sanitary barriers, 

allowing the persistence of pathogenic microflora. In such an environment, the onset of 

disease requires immediate intervention to maintain flock homeostasis and economic 

parameters. However, the gap between the need for a rapid response and the timeframe 

required for precise microbiological diagnostics often results in the application of 

empirical therapy. Although such practices stabilize production in the short term, they 

represent a primary factor favoring the survival and spread of resistant bacterial strains. 

Antibiotics must be positioned exclusively as a therapeutic tool for clinically manifest 

infections confirmed by diagnostics, while subclinical challenges should be addressed 

through preventive microbiota modulation and management. Addressing the problem 

of AMR requires a systemic reorganization, including significantly better accessibility to 

laboratory support and continuous education of all stakeholders in the production 

chain. Combating AMR requires the integration of technological discipline and medical 

justification within the "One Health" concept. The rational use of antibiotics is not 
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merely a professional standard, but a necessary strategy for preserving their long-term 

efficacy and minimizing risks to human, animal, and environmental health. 

 

Key words: Antimicrobial resistance; Broiler chickens; Biosecurity; Bacterial infections. 
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ABSTRACT 

Achieving high yields and consistent quality in agricultural products inevitably relies 

on the application of chemical plant protection products during production. Modern, highly 

effective pesticides often possess a site-specific mode of action, exerting strong selection 

pressure on both target and non-target populations, which leads to their adaptation and the 

development of resistance. 

This phenomenon is primarily manifested through the reduced sensitivity of 

phytopathogenic fungi and bacteria, but it also encompasses indirect risks, such as the 

horizontal transfer of resistance genes to non-target organisms, including human pathogens. 

Monitoring the emergence of reduced pesticide sensitivity and studying the dynamics and 

mechanisms of resistance are crucial for objective risk assessment and the implementation of 

measures to delay or prevent the formation of resistant populations. The objective of this 

paper is to provide a comprehensive overview of integrated plant protection measures that 

can delay or prevent the emergence of resistance in target and non-target organisms within 

agricultural production. 
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ABSTRACT 

The FAO project TCP/SRB/4001 aims to provide technical assistance to the Republic of 

Serbia in strengthening national capacities to combat antimicrobial resistance (AMR) in food 

production and agriculture. In line with the FAO Action Plan on AMR 2021–2025, the project is 

based on the One Health approach, which recognizes the interconnection between human, animal, 

and environmental health. 

Within the framework of this project, a group of professors from the Faculty of 

Veterinary Medicine, University of Belgrade, and the Department of Veterinary Medicine, 

Faculty of Agriculture, University of Novi Sad, based on the guidelines and recommendations 

of international organizations, as well as national guidelines from other countries, has 

developed five guidelines for the responsible and rational use of antibiotics in domestic 

animals (poultry, cattle, pigs, sheep and goats, dogs, and cats). 

The primary objective of the Guidelines for the Responsible and Rational Use of 

Antibiotics in Poultry in Serbia is to support optimal therapeutic efficacy while preventing the 

emergence and spread of antimicrobial resistance. In a broader context, the guidelines aim to 

improve consumer safety, harmonize national practices with international standards, preserve 

poultry health and welfare, and contribute to better economic outcomes in poultry production. 

The guidelines address several practical and clinically important questions: how to 

select the appropriate antibiotic for the treatment of bacterial infections in poultry, how to 

apply antimicrobial therapy correctly, what the optimal duration of treatment should be, and 

how to ensure the safety of poultry products for human consumption through full compliance 

with withdrawal periods. 

The overall goal of the guidelines is to reduce unnecessary antibiotic use, optimize 

antimicrobial therapy, and restrict the use of critically important antibiotics. 

The Guidelines contain 15 chapters covering key areas related to antimicrobial use in 

poultry production. Particularly important chapters include: Basic Principles of Responsible 

Antibiotic Use in Poultry; Legal Regulation of Veterinary Medicinal Products; Diagnosis of 
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Bacterial Diseases and Selection of Antimicrobial Therapy; Classification of Antibiotics 

According to Their Importance in Human and Veterinary Medicine (WHO, WOAH, EMA); 

Specificities of Flock Pharmacotherapy and Principles of Antimicrobial Action; Rational 

Selection of Antibiotics; Antibiotics Registered for Poultry Treatment in the Republic of Serbia; 

Trends in Antimicrobial Resistance of Pathogenic and Zoonotic Poultry Bacteria in Serbia; 

Guidelines for Antibiotic Use in Specific Poultry Diseases; and Flock Health Management, 

including preventive and alternative strategies. 

Of particular practical importance for veterinarians are the tables included in the 

chapter Guidelines for Antibiotic Use in Specific Poultry Diseases. These tables provide 

recommendations for the selection of antimicrobial agents in bacterial diseases of poultry, 

categorizing antibiotics as first-, second-, and third-choice therapies according to their priority 

of use. 

The presented therapeutic recommendations represent professional guidance for the 

rational use of antibiotics and are not intended to replace the clinical judgment of veterinarians 

under specific epizootiological conditions. 
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ABSTRACT 

Antibiotics play a pivotal role in the treatment of bacterial infections in pediatric 

surgical intensive care units (PICUs), where critically ill children are highly vulnerable to 

infectious complications. In these settings, timely and effective antimicrobial therapy is often 

lifesaving and represents a cornerstone of intensive care management. However, the 

increasing reliance on broad-spectrum and prolonged antibiotic therapy has raised concerns 

regarding antimicrobial resistance, disruption of normal microbiota, and the emergence of 

hospital-acquired infections. Clinicians working in pediatric intensive care settings therefore 

face a continuous challenge: balancing the urgent clinical need for aggressive infection control 

against the growing fear of antibiotic overuse and its long-term consequences. This dilemma is 

particularly significant in surgical intensive care units, where invasive procedures, prolonged 

hospitalization, and immunological vulnerability contribute to a higher risk of infection. The 

study presented aimed to evaluate the incidence of hospital-acquired infections in a pediatric 

surgical intensive care unit and to examine their association with the duration of antibiotic 

therapy. It is a retrospective analysis of data on pediatric patients treated in the Institute for 

the healthcare of children and youth of Vojvodina during 2024.The findings highlight the 

complex relationship between severe illness, infection risk, and antibiotic use in pediatric 

intensive care. The study underscores the importance of implementing effective infection 

prevention measures and promoting rational antibiotic stewardship strategies. Reducing 

unnecessary antibiotic exposure while ensuring adequate treatment remains essential for 

improving clinical outcomes, limiting antimicrobial resistance, and decreasing the burden of 

prolonged hospitalization in pediatric surgical intensive care units. 

 

Key words: Antibiotic therapy; Surgical intensive care unit; Hospital-acquired infection; Multidrug-
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ABSTRACT 

Colibacillosis in poultry, caused by avian pathogenic Escherichia coli (APEC), represents 

one of the most significant bacterial diseases in modern poultry production. The disease is 

widely distributed and leads to considerable economic losses due to increased mortality, 

reduced weight gain, and treatment costs. The pathogenicity of APEC strains is associated 

with the presence of specific virulence genes, and due to the increasing occurrence of 

multidrug-resistant strains, timely diagnostics and rational use of antibiotics are essential for 

effective disease control. The aim of this study was to detect selected virulence genes (iroN, 

ompT, hlyF, iss, iutA, eitC, and cvaC) in Escherichia coli isolates in order to assess their 

pathogenic potential. Isolates harboring two or more of these genes are considered capable of 

causing colibacillosis, whereas those with one or none are generally regarded as commensal 

strains. A total of 35 liver swab samples from poultry were included in the study, with one 

sample collected per farm. After inoculation in buffered peptone water, samples were cultured 

on MacConkey agar. Bacterial identification to the species level was performed using the 

automated biochemical system AUTOMIC-I-600, while detection of virulence genes was 

carried out by multiplex polymerase chain reaction (PCR). Virulence and antimicrobial 

resistance genes are often located on the same plasmids, enabling their horizontal transfer 

between related and unrelated bacterial species. Considering that APEC strains frequently 

exhibit resistance to antibiotics, treatment of infections caused by multidrug-resistant strains 

represents a major challenge in modern veterinary practice. Antimicrobial susceptibility 

testing was performed in accordance with the guidelines of the European Committee on 

Antimicrobial Susceptibility Testing (EUCAST). Escherichia coli was isolated from all 35 
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samples. Out of the total number of isolates, 29 were classified as APEC. Among these, seven 

isolates possessed all seven investigated virulence genes, five isolates had six genes, eight 

isolates had four genes, and nine isolates carried three virulence genes. Six isolates contained 

only one virulence gene, corresponding to commensal E. coli strains. Multidrug resistance was 

detected in 14 APEC isolates, resistance to two classes of antibiotics in eight isolates, while 

seven isolates were fully susceptible. The high prevalence of virulent and multidrug-resistant 

APEC strains highlights the need for continuous monitoring, improved diagnostic methods, 

and rational antimicrobial use , andthe implementation effective control strategies and 

preventive measures to reduce the incidence of colibacillosis in poultry production. 

 

Key words: Colibacillosis; E. coli; APEC; Multiplex PCR; Antimicrobial resistance; Poultry. 

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

Innovation of the Republic of Serbia under the Contract for the implementation and funding of research work of 

NIV-NS in 2026 (Contract No: 451-03-33/2026-03/200031) and supported by the Provincial Secretariat for Higher 

Education and Scientific Research of the Autonomous Province of Vojvodina, Republic of Serbia, project No. 

003877475 2025 09418 003 000 000 001 04 004 and project No. 003877403 2025 09418 003 000 000 001 04 002. 



5th International Conference “Antimicrobial Resistance – Current State and Perspectives” 

63 

 

 

ANTIMICROBIAL SUSCEPTIBILITY OF PSEUDOMONAS AERUGINOSA 

ISOLATES FROM CANINE BACTERIAL EAR INFECTIONS IN HUNGARY 

Adrienn Mercédesz Veres1,2* and Patrik Mag1,2 

1National Laboratory of Infectious Animal Diseases, Antimicrobial Resistance, Veterinary Public Health and Food Chain 

Safety, University of Veterinary Medicine Budapest, Hungary 

2Department of Pharmacology and Toxicology, University of Veterinary Medicine, Budapest, Hungary 

 
A.M.V. https://orcid.org/0000-0002-3203-9458 P.M. https://orcid.org/0009-0006-0236-4117 

*veres.a.mercedesz@univet.hu 
ABSTRACT 

Antimicrobial resistance is one of the most serious public health challenges of our time, 

leading to a decline in the effectiveness of antibacterial agents. Monitoring the spread of 

resistance is essential to preserve effective therapeutic options. Our study was aimed to 

determine the antimicrobial susceptibility of a total of 110 Pseudomonas aeruginosa isolates 

collected from canine otitis externa cases in Hungary between 2023-2024. Measurement of 

minimum inhibitory concentrations (MIC) were carried out according to CLSI guidelines, and 

results were compared with evidence in literature. MIC₅₀ and MIC₉₀ values were calculated, 

where imipenem (MIC₅₀ = 1 µg/ml; MIC₉₀ = 8 µg/ml), ciprofloxacin (MIC₅₀ = 0,25 µg/ml; MIC₉₀ 

= 4 µg/ml), tobramycin (MIC₅₀ = 2 µg/ml; MIC₉₀ = 8 µg/ml), and polymyxin B (MIC₅₀ = 4 µg/ml; 

MIC₉₀ = 8 µg/ml) demonstrated the highest in vitro activity, as indicated by their consistently 

low MIC values. Among β-lactams piperacillin/tazobactam and cefoperazone exhibited 

moderate activity (both MIC₅₀ = 8 µg/ml; MIC₉₀ = 32 µg/ml). Within the aminoglycoside group 

gentamicin and amikacin were less active (MIC₅₀ = 16 µg/ml; MIC₉₀ = 32 and 64 µg/ml 

respectively). Among fluoroquinolones marbofloxacin and norfloxacin showed moderate 

activity (MIC₅₀ = 2 µg/ml; MIC₉₀ = 16 µg/ml), while enrofloxacin and orbifloxacin were less 

effective, particularly enrofloxacin, which exhibited a high MIC₉₀ (128 µg/ml). Our findings 

clearly demonstrate the increasing trend of antimicrobial resistance, which poses a significant 

challenge in the treatment of P. aeruginosa-associated otitis externa, especially if it requires 

systemic treatment. The study highlights the importance of continuous resistance monitoring 

and responsible antibiotic use. 

Key words: AMR; Otitis externa; Pseudomonas aeruginosa; Sensitivity testing. 

Acknowledgments: This research was supported by Project no. RRF-2.3.1-21-2022-00001, implemented with the 

support provided by the Recovery and Resilience Facility (RRF), financed under the National Recovery Fund 

budget estimate, RRF-2.3.1-21 funding scheme. 

https://orcid.org/0000-0002-3203-9458
https://orcid.org/0009-0006-0236-4117
mailto:veres.a.mercedesz@univet.hu


5th International Conference “Antimicrobial Resistance – Current State and Perspectives” 

64 

 

 

HITCHHIKING ANTIMICROBIAL RESISTANCE 

IN URBAN DOG FECES 

INVITED LECTURE 

Vuk Vračar1 and Zorana Kovačević1* 

1Faculty of Agriculture, Department of Veterinary Medicine, University of Novi Sad, Novi Sad, Serbia 

 
V.V. https://orcid.org/0000-0002-7369-9946 Z.K. https://orcid.org/0000-0002-0133-872X 

*vuk.vracar@polj.uns.ac.rs 

ABSTRACT 

Urban environments increasingly reflect the biological consequences of close human–

animal coexistence. While fostering profound emotional and social bonds, the intimate 

coexistence of humans and their companion animals also creates ecological bonds that can 

facilitate the transmission of zoonotic pathogens and accelerate the emergence and 

dissemination of antimicrobial resistance (AMR) through sustained close contact, shared 

habitats, and microbial exchange. That is the point at which small droppings on the streets 

cease to be a matter of civic culture and become a big public health problem. 

The growing concern surrounding AMR has traditionally focused on hospitals and 

livestock production systems. However, the “One Health” framework increasingly recognizes 

companion animals as important contributors to the environmental circulation of resistant 

microorganisms. Dogs are frequently exposed to antibiotics, mainly through treatment of 

bacterial infections, and often receive the same critically important antimicrobial classes used 

in human therapy, including fluoroquinolones and third-generation cephalosporins. This 

selective pressure facilitates the emergence of resistant intestinal microbiota. Thus, beyond 

their aesthetic and sanitary implications, dog feces deposited in parks on sidewalks, 

playgrounds, and green public areas represent an overlooked environmental reservoir of AMR 

bacteria and a wide spectrum of mobile antibiotic resistance genes (ARGsF), facilitating their 

dissemination between animals, humans, and the environment. Recent studies indicate that 

urban dog waste can harbor multidrug-resistant bacteria such as E. coli, Enterococcus spp., 

methicillin-resistant Staphylococcus strains, and a wide spectrum of mobile ARGs. Through 

horizontal gene transfer mechanisms, including plasmid-mediated exchange, resistant bacteria 

are capable of spreading ARGs across microbial communities. E. coli, a common commensal 

inhabitant of the intestinal tract of both humans and dogs, acts as a opportunistic ’’highest 

bidder“ in this ongoing genetic trade and serves as an important indicator organism for 
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studying AMR dissemination. Although primarily a gut dweller, E. coli is capable of surviving 

for prolonged periods in soil and urban environments, where it may contribute to the 

persistence and circulation of resistance genes. Evidence from San Francisco demonstrated that 

dog fecal material collected from city sidewalks frequently contained multidrug-resistant E. 

coli. Such findings strengthen the idea that urban fecal contamination is a part of a broader 

environmental resistome shaped by anthropogenic antibiotic use. Recent metagenomic 

analyses have revealed that dog feces contain not only known resistance determinants but also 

diverse, previously unidentified, AMR genes with the potential for horizontal gene transfer. 

Some of these were associated with mobile genetic elements, increasing their capacity for 

dissemination across bacterial populations. Several studies demonstrate that E. coli isolates 

from dogs share closely related or similar to those isolated from humans, including strains 

bearing multidrug resistant genes, indicating shared transmission networks. This overlap 

highlights the need for an integrated approach to AMR, moving beyond the traditional 

division between veterinary and human medicine. 

While dog feces on urban areas may seem like a minor localized nuisance, it should 

rather be considered as emerging hotspot of AMR. Addressing this problem requires a 

multidisciplinary approach involving responsible antimicrobial stewardship in veterinary 

practice, improved urban sanitation policies, public education regarding pet waste disposal, 

and environmental monitoring of AMR. 

 

Key words: Antimicrobial resistance; Dogs; Public health; One Health. 
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ABSTRACT 

AMR is a major global public health challenge requiring coordinated One Health 

surveillance across human, animal, and environmental sectors. Wastewater-based 

epidemiology is increasingly recognized as a complementary tool for population-level AMR 

monitoring, as wastewater captures the collective microbial and chemical burden of 

communities and can reveal clinically relevant resistance genes beyond conventional clinical 

surveillance. Its importance has increased with recent EU legislation, including the revised 

Urban Wastewater Treatment Directive, which promotes public health-related wastewater 

surveillance and harmonized AMR monitoring across member states. 

In Slovenia, a pilot national wastewater monitoring initiative was launched to assess 

clinically important carbapenemase genes in municipal wastewater. Given the public health 

relevance of carbapenem-resistant bacteria, this study presents the methodological framework 

and preliminary findings from the first phase of the surveillance program. 

Monthly 24-hour composite influent wastewater samples were collected over 12 months from 

the central wastewater treatment plant in Ljubljana, representing the country’s largest 

population catchment, covering 11% of the Slovenian population and including wastewater 

from the University Medical Centre Ljubljana. In addition, four hospital wastewater outlets 

from the University Medical Centre Ljubljana were sampled once in March 2026 to explore the 
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contribution of healthcare-associated AMR determinants to the municipal wastewater system. 

For each sampling event, 80–110 bacterial isolates were obtained. 

Isolates were identified using MALDI-TOF mass spectrometry. Antimicrobial 

susceptibility testing included EUCAST-based disk diffusion for ceftazidime, cefepime, 

imipenem, meropenem, and piperacillin/tazobactam, ESBL combination discs, and 

glycopeptide gradient-diffusion tests. 

Monitoring combined molecular and culture-dependent approaches to enable 

quantitative and phenotypic characterization of AMR markers. Droplet digital PCR (ddPCR) 

was used to detect and quantify selected carbapenemase genes, providing sensitive absolute 

quantification of blaIMP, blaNDM, blaOXA-48, blaVIM, and blaKPC. To account for variation 

in microbial biomass and wastewater composition, bacterial load was normalized using 16S 

rRNA gene quantification. The highest concentrations were detected for blaOXA and blaIMP, 

reaching over 10¹⁰ copies/µL. 

Alongside molecular analyses, selective culture media, including mSuperCARBA, 

CarbOXA biplate, ESBL Brilliance, and VRE agar, were used to isolate resistant bacteria from 

wastewater samples. Among 633 isolates recovered from the first nine sampling events on 

mSuperCARBA and CarbOXA, Aeromonas spp. (215) and Pseudomonas spp. (179) 

predominated. On ESBL Brilliance agar, ESBL-producing Escherichia coli (108) were most 

frequently detected, while seven VRE were isolated on VRE agar. Molecular analysis showed 

that OXA-48-like carbapenemases were the most prevalent resistance mechanism, followed by 

VIM, with NDM and KPC detected at lower frequencies. 

Preliminary results establish baseline concentrations of multiple carbapenemase-

associated genes in wastewater and support wastewater surveillance as a tool for population-

level AMR trend monitoring. This pilot project is an important step toward standardized 

national surveillance strategies aligned with emerging European regulatory requirements and 

contributes to integrated One Health AMR surveillance systems. 
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ABSTRACT 

Antimicrobial resistance represents a major global public health challenge. The TRACE 

project investigates the role of clinical settings, surface waters, wastewater, and animal-

derived food as reservoirs of multidrug-resistant (MDR) Gram-negative bacteria (GNB), while 

also assessing the occurrence of antibiotics in environmental samples. The study was 

conducted in the two biggest cities in Serbia, Belgrade and Novi Sad. A total of over 1,000 

samples from community and hospital settings were analyzed for MDR bacteria, with a focus 

on carbapenem-resistant and extended-spectrum beta-lactamase (ESBL)-producing Gram-

negative isolates. Bacterial identification was performed using MALDI-TOF mass 

spectrometry, while whole-genome sequencing was conducted on the Illumina NovaSeq 

platform. Antibiotic residues in water samples were detected using liquid chromatography. 

Results indicate a predominance of non-fermentative bacilli in food samples of animal origin 

(87.4%). In milk, Pseudomonas spp. were dominant (50.8%) and represented the main producers 

of carbapenemases (61%) and ESBLs (33.7%). In meat samples, Acinetobacter spp. prevailed 

(40%), with the highest proportion of ESBL-producing isolates (50.8%). Clinically relevant 

MDR GNB included Klebsiella pneumoniae ST147/blaNDM-1 and Acinetobacter baumannii ST2/blaOXA- 

23. Environmental K. pneumoniae isolates were more diverse but shared key lineages (ST147, 

ST101, ST11) with clinical strains. The two most common carbapenemase genes were blaNDM-1 
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(45%) and blaOXA-48 (40%). Phylogenetic analysis showed clustering and overlap between 

clinical and environmental reservoirs. Fluoroquinolones were the most frequently detected 

antibiotics and were present at the highest concentrations. These findings highlight the 

interconnected role of clinical, food, and environmental reservoirs in the persistence and 

dissemination of MDR bacteria and resistance genes. Tackling antimicrobial resistance requires 

an integrated One Health approach and coordinated action across human, animal, and 

environmental sectors. 

 

Key words: One health; Resistance genes; Multidrug-resistant bacteria; Carbapenem resistance. 
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ABSTRACT 

Antimicrobial resistance represents a global health threat to both human and animal 

health. Clinically healthy animals can be asymptomatic carriers of methicillin-resistant 

staphylococci (MRS), with the potential to spread antimicrobial resistance. Among the 

resistance traits that staphylococci can acquire, methicillin resistance is considered clinically 

the most significant, as β-lactam antibiotics are the most commonly prescribed class of 

antibiotics in both human and veterinary medicine. The aim of this study was to investigate 

methicillin resistance in staphylococci isolated from nasal swabs of clinically healthy horses. 

As part of routine health monitoring of horses before the racing season, 48 nasal swabs were 

analyzed. Staphylococcal isolation was performed using standard microbiological methods, 

while species identification and determination of the minimum inhibitory concentration (MIC) 

were performed using the automated AutoMic-i600 system (Autobio, China). Based on MIC 

values for oxacillin according to the EUCAST breakpoint, six isolates were phenotypically 

classified as MRS: Staphylococcus lentus (n=3), Staphylococcus sciuri (n=2), and Staphylococcus 

xylosus (n=1), while methicillin-resistant Staphylococcus aureus (MRSA) was not isolated. 

Molecular confirmation of the presence of the mecA resistance gene was performed using 

conventional PCR, and all six isolates tested negative. Phenotypic detection of six coagulase-

negative staphylococci (CoNS) isolates indicates potential methicillin resistance, while the 

absence of the mecA gene suggests that resistance may result from alternative mechanisms or 

heterogeneous resistance. The study results highlight the importance of combining phenotypic 

and molecular methods for the determination of methicillin resistance in coagulase-negative 

staphylococci, as well as the importance of monitoring antimicrobial resistance in healthy 

animals. 

Key words: Methicillin resistance, Coagulase-negative staphylococci, Antimicrobial resistance, 

Healthy horses. 
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ABSTRACT 

Antimicrobial prophylaxis is the preoperative administration of one or more 

antimicrobial drugs to patients who do not have a prior infectious disease. The goal of 

antimicrobial prophylaxis is to achieve a sufficiently high concentration of the antimicrobial 

drug in the tissue before the potential development of infection at the surgical site. In human 

medicine, it is stated that the administration of antimicrobial prophylaxis should occur at least 

60 minutes before the expected surgical procedure and not longer than 24 hours. In veterinary 

medicine, such guidelines do not exist, but the principles have been adopted from human 

medicine. In addition to the type of surgical procedure, potential risk factors include the 

patient's status according to the American Society of Anesthesiologists (ASA), as well as the 

expected duration of the procedure and the use of implants, which serve as the basis for 

decision-making regarding the use of antimicrobial prophylaxis. One of the risk factors for the 

development of surgical site infection is the shaving of the animal. Based on previous studies, 

it has been determined that shaving the animal more than 4 hours before the surgical 

procedure increases the risk of postoperative wound infection by 4 times. A correlation has 

also been previously demonstrated between the 4 categories of wound contamination (clean, 

clean-contaminated, contaminated, and dirty) and the rate of surgical wound infection, where 

the risk increases with the level of wound contamination. According to the European Centre 

for Disease Prevention and Control, antimicrobial prophylaxis after 24 hours postoperatively 

in humans is not recommended for clean and clean-contaminated wounds. The widespread 

use of antimicrobial agents without justification can lead to undesirable effects and an increase 

in antimicrobial resistance. A retrospective study conducted by Korytárová et al. (2022) 

included 158 dogs undergoing clean neurosurgical procedures. All dogs received a 

prophylactic preoperative dose of antibiotics, while 58.2% of the patients also received 

postoperative antimicrobial drugs. As a result of the research, a similar rate of infection at the 
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surgical site was found in both groups of patients, indicating that postoperative administration 

of antimicrobial drugs does not reduce the possibility of infection at the surgical site. The aim 

of this paper was to demonstrate that the use of antimicrobial drugs postoperatively does not 

lead to a reduction in the possibility of postoperative wound infection. 

 

Key words: Infection; Surgery; Antimicrobial drug. 
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ABSTRACT 

Antimicrobial resistance in intestinal bacteria from poultry represents an under-

recognized One Health risk, particularly when opportunistic pathogens persist in intensive 

production systems. This study investigated the antimicrobial susceptibility patterns and toxin 

gene profiles of 146 Clostridium perfringens isolates recovered from clinically healthy chickens 

without necrotic enteritis lesions from commercial poultry flocks across all seven NUTS-2 

regions of Hungary between 2022 and 2023. Minimum inhibitory concentrations were 

determined by broth microdilution according to CLSI guidelines, and major and minor toxin 

genes were assessed by PCR. Resistance levels varied markedly between agents. The highest 

resistance rate was observed for lincomycin (82.8%), followed by enrofloxacin (57.9%), 

penicillin (48.3%), and clindamycin (40.7%), whereas resistance to amoxicillin remained lower 

(20.7%) and imipenem resistance was rare (3.4%). These findings indicate reduced 

susceptibility to penicillin-based compounds that remain important therapeutic options 

against C. perfringens infections. Resistance was significantly higher in broiler than in breeding 

and laying flocks, and juvenile flocks showed significantly higher resistance than adult flocks 

for lincomycin, enrofloxacin, penicillin, and clindamycin. Large-scale farms also showed 

higher resistance levels for selected agents, possibly reflecting differences in antimicrobial 

usage, stocking density, or other management-related selective pressures. Correlation and 

clustering analyses revealed distinct resistance groupings, with strong positive correlations 

between lincomycin and clindamycin (r = 0.96), tylosin and clindamycin (r = 0.95), and tylosin 

and lincomycin (r = 0.92), supporting possible co-selection patterns. Toxin gene screening 

showed universal presence of the alpha toxin gene, while the beta toxin gene was detected in 

32.2% of isolates, beta2 in 18.5%, netB in 2.7%, and epsilon in 0.7%; enterotoxin and iota toxin 
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genes were not detected. The most frequent multi-gene combination was beta + beta2 (12.3%). 

Notably, netB-positive isolates showed significantly lower enrofloxacin resistance (p = 0.0049), 

while isolates lacking multiple toxin genes showed higher lincomycin resistance (p = 0.0379). 

Overall, C. perfringens isolates from clinically healthy poultry acted as a potential reservoir of 

antimicrobial resistance and toxin-associated traits, with possible relevance for horizontal gene 

transfer and wider epidemiological dissemination, underscoring the need for continued 

surveillance and evidence-based antimicrobial stewardship in poultry production. 

 

Key words: Clostridium perfringens; Antimicrobial resistance; Poultry; MIC; Toxin genes; One 

Health. 

 
Acknowledgments: This research was supported by Project no. RRF-2.3.1-21-2022-00001, implemented with the 

support provided by the Recovery and Resilience Facility (RRF), financed under the National Recovery Fund 

budget estimate, RRF-2.3.1-21 funding scheme. 



5th International Conference “Antimicrobial Resistance – Current State and Perspectives” 

75 

 

 

ESSENTIAL OILS AGAINST SALMONELLA ENTERITIDIS IN POULTRY: 

TARGETING BIOFILMS AND ANTIMICROBIAL RESISTANCE IN THE 

FARM-TO-FORK CHAIN 

Suzana Vidaković Knežević1*, Jelena Vranešević1, Stefan Dončić1, Zoran Ružić2, 

Marko Pajić1, Dubravka Milanov1 and Slobodan Knežević1 

1Scientific Veterinary Institute “Novi Sad”, Novi Sad, Serbia 

2Faculty of Agriculture, Department of Veterinary Medicine, University of Novi Sad, Novi Sad, Serbia 

 
S.V.K. https://orcid.org/0000-0001-7711-3917 J.V. https://orcid.org/0000-0003-1202-6964 S.D. https://orcid.org/0009-0001-0626-9815 

Z.R. https://orcid.org/0000-0001-7754-7264 M.P. https://orcid.org/0000-0003-4221-2602 D.M. https://orcid.org/0000-0003-1987-8211 

S.K. https://orcid.org/0000-0001-6316-5863   

*suzana@niv.ns.ac.rs 

ABSTRACT 

Salmonella enterica serovar Enteritidis remains a major foodborne pathogen in Europe 

and worldwide, predominantly associated with poultry products. Salmonella spp. has 

consistently been the second most reported foodborne zoonotic agent in the EU over the past 

decade. Although most salmonellosis cases are self-limiting, the emergence of strains resistant 

to clinically relevant antimicrobials increase treatment efficacy and increases the public health 

burden. Increasing trends in ciprofloxacin resistance were observed for S. Enteritidis in 15 

countries from 2014 to 2024, highlighting the urgency of implementing effective control 

measures. In 2024 alone, S. Enteritidis was the most frequently reported Salmonella serovar in 

human cases (29,761 infections) and the most common serovar in laying hens, underscoring 

the persistent risk along the poultry-to-consumer food chain. 

Essential oils derived from oregano, cinnamon, rosemary, clove, and thyme have 

emerged as promising natural alternatives due to their antimicrobial and antibiofilm 

properties. In our studies, the antibacterial activity of these essential oils against S. Enteritidis 

isolates from poultry was evaluated using disc diffusion and broth microdilution assays. 

Oregano essential oil exhibited the highest antibacterial activity, with minimal inhibitory 

concentrations ranging from 0.04 to 0.23 µL/mL and minimal bactericidal concentrations 

ranging from 0.09 to 0.45 µL/mL, followed by cinnamon, clove, rosemary, and thyme. 

The biofilm-forming capacity of S. Enteritidis was assessed under different nutrient 

conditions and temperatures (37 ℃, 15 ℃, 5 ℃), simulating host-associated and food storage 

environments. Treatment of preformed biofilms with essential oils at their minimal 

bactericidal concentrations resulted in reductions ranging from 36.98% to 74.83%, with 
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scanning electron microscopy confirming disruption of bacterial cell integrity and biofilm 

architecture. Their activity is likely associated with disruption of bacterial membranes and 

interference with biofilm matrix integrity. 

Importantly, this study integrates antimicrobial and antibiofilm assessment under 

different temperature conditions relevant to the food chain, providing insight into the 

behavior of poultry-derived isolates beyond standard laboratory settings. 

These results demonstrate that selected essential oils, particularly oregano, cinnamon, 

rosemary, clove, and thyme, can effectively inhibit S. Enteritidis growth and reduce biofilm 

formation. Considering the high prevalence of S. Enteritidis in poultry products, the increasing 

ciprofloxacin resistance, and the persistent public health burden, the integration of essential 

oils as complementary interventions offers a practical and timely strategy to enhance food 

safety and mitigate antimicrobial resistance along the farm-to-fork continuum, particularly in 

poultry production systems. 
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ABSTRACT 

Agricultural systems represent a significant pathway for the dissemination of 

antimicrobial resistance (AMR), enabling the continuous selection and spread of resistant 

microorganisms. One of the major contributing factors is the improper use of pesticides. 

Although fungicides primarily target fungi, their application may exert an indirect yet 

substantial impact on bacterial resistance through co-selection, alterations in microbial 

communities, and facilitation of horizontal gene transfer. Therefore, an interdisciplinary 

approach is essential for the comprehensive evaluation of antimicrobial resistance (AMR). To 

contribute to disease and AMR prevention, as a part of this study, 25 hydrophobic deep 

eutectic solvents (HDES) were tested in the vapour phase, at concentrations of 25%, 50%, and 

100%. In vitro experiments were conducted on Potato Dextrose Agar medium (PDA), while In 

planta experiments were carried out in hermetically sealed containers with inoculated sweet 

cherry fruits. All tested HDES demonstrated efficacy in suppressing the growth of M. fructicola 

(66−100%) and B. cinerea (37−100%). According to the Area Under the Disease Progress Curve 

(AUDPC), all HDES exhibited high efficacy in preventing disease occurrence in cherry fruits 

by the tested phytopathogens. This research provides the first insights into the antifungal 

potential of HDES in the vapor phase, with promising applications as biofumigants that 

minimize harmful impacts on the food−human−environment complex. 

Key words: Camphor; HDES; Menthol; Postharvest decay; Thymol; Vapour phase. 
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ABSTRACT 

The persistence of Salmonella spp. in animal feed production facilities represents one of 

the key challenges in controlling microbiological safety along the food chain, with potential 

consequences for both animal and human health. Despite the implementation of standard 

hygiene procedures and disinfection protocols, Salmonella can survive in industrial 

environments for extended periods, leading to occasional or continuous recontamination of 

raw materials and finished products. In feed production plants, the bacterium can persist in 

various locations, including transport systems, mixers, silos, floor and wall surfaces, as well as 

in hard-to-reach areas where organic matter and moisture accumulate. Such conditions enable 

the formation of microecological niches that support survival and long-term maintenance of 

contamination. 

One of the most significant adaptive mechanisms of Salmonella spp. is biofilm formation. 

A biofilm is a complex, structured community of bacteria embedded in an extracellular 

polymeric substance (EPS), composed of polysaccharides, proteins, and nucleic acids. This 

matrix enables strong adhesion to abiotic surfaces, as well as intercellular communication via 

signaling molecules (quorum sensing), which regulates the expression of genes responsible for 

survival and resistance. Within a biofilm, Salmonella exhibits significantly increased resistance 

to disinfectants, UV radiation, desiccation, and mechanical removal. These characteristics 

make biofilms a stable reservoir of infection in industrial environments, which is difficult to 

completely eliminate using standard hygiene measures. 

The importance of this phenomenon has been confirmed in previous studies, where 

clonal persistence of Salmonella enterica serovars was identified in animal feed factories, 

indicating the long-term presence of genetically identical strains within the same production 

facilities. These findings clearly suggest that the issue is not sporadic introduction of 

pathogens, but rather the establishment of persistent reservoirs, with biofilms playing a central 

role in their maintenance and spread. Persistent Salmonella populations represent a continuous 
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risk for the recontamination of raw materials and final products. 

Control of Salmonella spp. in the animal feed industry requires an integrated approach 

that goes beyond routine hygiene measures and includes strategies aimed at preventing 

biofilm formation, promoting its disruption, and applying advanced disinfection technologies. 

Continuous microbiological monitoring of critical control points is essential, along with 

improvements in the hygienic design of equipment and production lines to minimize the 

accumulation of organic residues and microbial contaminants. Understanding the interactions 

between biofilms, adaptive mechanisms of Salmonella, and industrial environmental conditions 

is crucial for developing more effective control strategies and reducing the risk of persistent 

contamination in the animal feed production chain. 
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ABSTRACT 

Canine otitis externa is one of the most common diseases encountered in veterinary 

practice, with a prevalence of 8–20% in Europe and up to 30–40% in tropical and less 

developed regions. It is an inflammatory disease of the external ear canal and pinna with a 

multifactorial etiology. The action of primary, secondary, and perpetuating factors leads to 

changes such as glandular hyperplasia, epithelial hyperplasia, and hyperkeratosis, resulting in 

increased cerumen production, elevated local humidity, and altered pH within the ear canal, 

thereby predisposing the ear to secondary infections. The bacteria most commonly isolated 

from the ear canals of dogs with otitis are Staphylococcus pseudointermedius (41%) and 

Staphylococcus aureus (23%), followed by Pseudomonas aeruginosa (19%), Proteus, Enterococcus, 

Streptococcus, and Corynebacterium, while Malassezia spp. is the most frequently isolated yeast. 

Due to the high prevalence of the disease, antibiotics are often used empirically without prior 

diagnostic confirmation, contributing to the development of antimicrobial resistance. In this 

context, cytology plays a key role in rationalizing antimicrobial use and preventing the 

development of resistant bacterial strains. 

Ear cytology is a simple, rapid, and minimally invasive diagnostic method used to 

evaluate the presence and type of inflammation, as well as microorganisms within the external 

ear canal. This method enables the identification of coccoid and rod-shaped bacteria, 

Malassezia yeasts, and qualitative and quantitative assessment of the cellular population within 

the ear canal. Without cytological analysis, antibiotics are frequently used unnecessarily in 

cases of fungal infections or non-infectious inflammatory conditions. This increases selective 

pressure on the bacterial population and promotes the development of resistance. Cytology 

enables targeted treatment and reduces unnecessary antimicrobial use. In addition, cytology 
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assists in assessing infection severity and selecting appropriate therapy. The presence of large 

numbers of neutrophils and intracellular bacteria indicates an active bacterial infection 

requiring a more aggressive therapeutic approach. Conversely, a low number of 

microorganisms may indicate colonization or secondary changes that do not require systemic 

antibiotic treatment. Cytology is particularly valuable in the identification of rod-shaped 

bacteria. The presence of bacilli, especially Pseudomonas spp., is often associated with chronic 

and resistant infections. In such cases, cytology indicates the need for additional diagnostic 

procedures, including bacterial culture and antimicrobial susceptibility testing. This allows 

antibiotic selection based on the susceptibility profile of the isolated pathogen rather than 

empirical broad-spectrum therapy, thereby contributing significantly to the preservation of 

antimicrobial efficacy. Cytology also enables monitoring of treatment success. Follow-up 

cytological examinations after treatment can confirm the elimination of microorganisms and 

reduction of inflammation, allowing timely discontinuation of antibiotic therapy and 

avoidance of unnecessarily prolonged antimicrobial use. In modern veterinary medicine, the 

concept of responsible antibiotic use, known as antimicrobial stewardship, is becoming 

increasingly important. Cytology represents a fundamental tool of this approach in canine 

otitis externa. Its routine application contributes to more accurate diagnosis, more rational 

therapeutic choices, and reduced unnecessary antimicrobial use. However, in cases of bacterial 

infections, microbiological analysis with antimicrobial susceptibility testing remains essential 

for the appropriate selection of antibiotics and the rational use of antimicrobial agents. 
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ABSTRACT 

In modern food production, the presence of antibiotic and sulfonamide residues in milk 

represents a significant concern for food safety and public health. This study aimed to determine the 

occurrence of antibiotic and sulfonamide residues in raw bovine milk and commercially available 

sterilized bovine milk using the Delvotest® SP-NT. Delvotest® SP-NT is a qualitative microbiological 

screening assay used for the detection of antibiotics classes including: penicillins, tetracyclines, 

cephalosporins, macrolides, aminoglycosides, other antibiotics (chloramphenicol, dapsone, lincomycin, 

rifaximin, and trimethoprim), as well as sulfonamide residues in milk. 

The Delvotest® SP-NT kit contains the indicator microorganism Bacillus stearothermophilus 

var. calidolactis. In a prepared nutrient agar (ampoule), spores are present with a growth indicator dye. 

After sample inoculation and incubation for 3h, spore growth results in a color change of the medium 

from purple to yellow. The absence of a color change after the incubation period indicates the presence 

of inhibitory substances (antibiotics or sulfonamides). 

A total of 551 milk samples collected between 2020 and 2025 were analyzed, including 74 raw 

bovine milk samples and 447 sterilized bovine milk samples. Screening for antibiotic and sulfonamide 

residues was performed in accordance with the standard operating procedure (SOP 3-17-210) for the 

Delvotest® SP-NT. The presence of antibiotic or sulfonamide residues was detected in 6 (8.1%) of the 

raw bovine milk samples, whereas none of the sterilized bovine milk samples showed detectable 

residues. The positive findings in raw bovine milk were recorded in 2020 (33.3%), 2021 (8.7%), 2024 

(14.3%), and 2025 (6.7%), while no residues were detected in samples collected in 2022 and 2023. 

These findings indicate a sporadic presence of antibiotic and sulfonamide residues in raw bovine 

milk, with variations observed between the studied years. The higher number of positive samples in raw 

bovine milk compared to sterilized bovine milk can't be attributed to thermal processing, but is primarily 

related to the origin of the samples. Specifically, sterilized bovine milk samples originated from 

imported products or from dairy processing plants that implement routine screening controls upon raw 

bovine milk intake, whereas raw bovine milk samples were collected from agricultural farms, where 

control measures may be less stringent. The presence of residues represents a significant risk to food 

safety and public health, particularly in the context of antimicrobial resistance. 
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These results highlight the need for continuous monitoring, rational use of antibiotics, and the 

implementation of a One Health approach. 

 

Key words: Delvotest® SP-NT; Antibiotic and sulfonamide residues; Raw bovine milk; Sterilized 

bovine milk. 

 
Acknowledgments: This study 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 2026, Contract No: 451-03-

33/2026-03/200031. 



5th International Conference “Antimicrobial Resistance – Current State and Perspectives” 

84 

 

 

RISK ASSESSMENT OF THE PRESENCE OF AFLATOXIN M1 IN MILK 

AND ITS IMPLICATIONS FOR PUBLIC HEALTH 

Dragan Tomović¹, Vesna Samardžić¹, Katica Arar¹, 

Slobodan Dojčinović¹ and Sanin Tanković¹ 

¹Food Safety Agency of Bosnia and Herzegovina, Mostar, Bosnia and Herzegovina 

 
*tomovic@fsa.gov.ba 

ABSTRACT 

Aflatoxins may occur in milk and dairy products through the so-called “carry-over” 

effect when dairy cows are fed with feed contaminated with aflatoxins. Aflatoxin M1 (AFM1) 

is a hydroxylated metabolite of aflatoxin B1 (AFB1) and is excreted via milk, urine, and feces, 

posing a risk to consumers, particularly infants and young children. The aim of this study is to 

assess population exposure to AFM1 through milk consumption and to characterize the 

associated risk in accordance with contemporary risk assessment approaches. 

The exposure assessment was based on data from laboratory analyses of milk and 

national consumption data. According to available data, a total of 304 milk and dairy products 

samples were analyzed for the presence of AFM1 in Bosnia and Herzegovina. Of these, 13 

samples (4.28%) were non-compliant with the maximum permitted level of 0.05 µg/kg. 

Particular attention was given to the treatment of data below the limit of quantification by 

applying lower-bound (LB), middle-bound (MB), and upper-bound (UB) scenarios. Chronic 

exposure was estimated by combining mean AFM1 concentrations with average daily milk 

consumption, while high consumption percentiles were used to assess exposure among high 

consumers. 

Risk characterization was performed using the Margin of Exposure (MOE) approach, 

accounting for the genotoxic and carcinogenic potential of aflatoxins. Given that AFM1 

exhibits approximately ten times lower carcinogenic potency compared to AFB1, an 

appropriate correction factor of 0.1 was applied for AFM1 relative to AFB1. The obtained 

results indicate that MOE values fall below the reference level of 10,000 in high intake 

scenarios, suggesting a potential health risk, particularly for sensitive population groups. 

The results highlight the need for continuous monitoring of aflatoxins throughout the 

food chain, especially in the context of climate change, which may increase the frequency of 

feed contamination. Furthermore, the importance of preventive measures in primary 

production is emphasized, including quality control of raw materials and the implementation 
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of good agricultural and storage practices. An integrated risk management approach is 

essential for reducing AFM1 exposure and protecting public health. 
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ABSTRACT 

Salmonella enterica is one of the leading causes of foodborne infections worldwide, with 

a significant impact on both human and animal health. Infection most commonly occurs 

through the consumption of contaminated food, after which the bacterium undergoes a 

complex process of colonization, invasion, and intracellular survival within host cells. The 

pathogenicity of this microorganism is based on complex interactions among numerous 

virulence factors and its ability to adapt to different conditions within the organism. The 

virulence of S. enterica is determined by genes located on Salmonella pathogenicity islands 

(SPIs), which encode key mechanisms of pathogenesis, including adhesion, invasion of 

epithelial cells, and intracellular replication. In addition, numerous other factors, such as 

flagella, capsule, adhesins, toxins, and virulence plasmids, further contribute to successful 

colonization and evasion of the hosts immune response. In recent years, the increasingly 

pronounced emergence of antimicrobial resistance (AMR) has become a major public health 

concern, as it is increasingly associated with enhanced virulence potential in Salmonella 

strains. Co-selection and co-localization of resistance and virulence genes, often mediated by 

mobile genetic elements such as plasmids, represent key evolutionary mechanisms 

contributing to the emergence of multidrug-resistant and highly adaptable strains. Some 

Salmonella strains may harbor multiple virulence-associated plasmids, thereby further 

increasing their pathogenic potential. This paper presents current knowledge on the 

relationship between AMR and virulence in S. enterica, with particular emphasis on the role of 

plasmids in their dissemination and regulation. A better understanding of these processes may 

contribute to the development of more effective strategies for surveillance and prevention of 

the spread of this pathogen within the food chain, in accordance with the One Health concept. 

Key words: Salmonella enteric, Pathogenicity and virulence factors, AMR. 
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ABSTRACT 

Antimicrobial resistance (AMR) represents one of the most pressing global public health 

challenges, with growing evidence indicating that its development is not solely driven by 

antibiotic use but also by environmental factors. In this context, heavy metals (e.g., Pb, Cd, Hg, 

Cu, Zn) are increasingly recognized as persistent selective agents that contribute to the 

maintenance and spread of resistance. Unlike antibiotics, which degrade relatively quickly, 

heavy metals persist in ecosystems and accumulate in soil, water, and living organisms, 

creating long-term selective pressure on microbial communities. Co-selection mechanisms 

between heavy metals and antibiotics include co-resistance (the co-localization of metal and 

antibiotic resistance genes on the same mobile genetic elements), cross-resistance (shared 

physiological mechanisms such as efflux pumps), and co-regulation (common regulatory 

pathways activated in response to environmental stress). These processes enable heavy metals 

to indirectly sustain and disseminate antibiotic resistance even in the absence of antibiotic 

exposure. Recent metagenomic studies support this concept by demonstrating the frequent co-

occurrence of metal resistance genes (MRGs) and antibiotic resistance genes (ARGs), forming a 

significant component of the environmental resistome. 

Wildlife plays an important role in this framework as both a biomonitor of 

environmental contamination and a potential indicator of ecological pressures influencing 

AMR development. Game species such as wild boar (Sus scrofa), European hare (Lepus 

europaeus), and roe deer (Capreolus capreolus) are particularly suitable for such studies due to 

their wide distribution, trophic position, and capacity to accumulate heavy metals in tissues. 

For instance, cadmium accumulation in roe deer kidneys often exceeds regulatory limits, 

highlighting their sensitivity as bioindicators of environmental contamination. Similarly, 
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studies on the European hare in agricultural ecosystems have shown elevated levels of lead 

and cadmium, with lead concentrations frequently surpassing permitted values, reflecting 

significant anthropogenic impact. 

Wild boar is especially valuable as a biomonitor species due to its omnivorous diet and 

ecological plasticity. Research has confirmed the presence of Cd, Pb, Hg, and As in liver 

tissues, generally below regulatory thresholds but with occasional exceedances indicating 

localized pollution sources. Long-term monitoring further reveals significant spatial and 

temporal variations in mercury and arsenic concentrations, suggesting dynamic exposure 

patterns influenced by environmental and anthropogenic factors. Despite the well-

documented bioaccumulation of heavy metals in wildlife, the direct link between metal 

exposure and microbiological aspects of AMR remains insufficiently explored. Most studies 

focus either on ecotoxicological aspects (metal accumulation) or microbiological aspects (the 

presence of resistance genes), while integrative approaches that connect these two levels are 

still limited. Within the One Health framework, which emphasizes the interconnectedness of 

human, animal, and environmental health, there is a clear need for interdisciplinary research 

addressing these interactions. 

This review aims to synthesize current knowledge on the role of heavy metals in the co-

selection of antimicrobial resistance, with a particular focus on wildlife as a critical interface 

between ecosystems and public health. By integrating data on environmental contamination, 

bioaccumulation, and potential microbiological consequences, this paper contributes to a 

better understanding of the ecological drivers shaping resistance in natural systems and 

highlights the need for integrated One Health approaches in AMR research. 

 

Key words: Antimicrobial resistance; Heavy metals; Co-selection; Environmental resistome; Wildlife; 
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ABSTRACT 

Fusarium proliferatum is a major phytopathogenic fungus causing substantial economic 

losses in onion (Allium cepa L.) production, inducing basal rot both in the field and during 

storage. As antimicrobial resistance and pesticide toxicity are becoming an increasingly 

pressing global issue, the development of sustainable alternatives to synthetic fungicides has 

become an increasingly important objective in modern plant protection. The application of 

antagonistic microorganisms and their bioactive metabolites represents one of the most 

promising approaches in this direction, providing multiple modes of action and reducing the 

reliance on chemical compounds. The aim of this study was to evaluate in vitro antifungal 

activity of four biological control agents against F. proliferatum and to determine whether the 

inhibitory effect is mediated through viable cells, thermolabile or thermostable metabolites. 

Four biological control agents were tested: DAR7 (Trichoderma virens), BIO3 (Bacillus 

sp.), BOR12 (yeast isolate) and TNJ (Trichoderma sp.). Antagonistic microorganisms were 

cultivated in Potato Dextrose Broth medium at 25°C with continuous shaking at 150 rpm for 4 

days. For each agent, three preparations were evaluated against the F. proliferatum isolate: live 

cell suspension, heat-inactivated suspension treated at 121°C for 20 minutes, retaining only 

thermostable metabolites and cell-free filtrate obtained through 0.22 µm sterile filters, which 

preserves both thermolabile and thermostable metabolites. Antifungal activity was assessed by 

incorporating suspension/filtrate into PDA medium at a concentration of 10% with four 

replicates per treatment. Control plates contained PDA amended with sterile, distilled water at 

the same ratio as suspension/filtrate. After five days of incubation at 25°C, the radius of 

mycelial growth was measured and the percentage of inhibition was calculated relative to the 

untreated control. 
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Statistically significant differences in the percentage of inhibition were observed both 

between the tested biological agents and the preparations. Live cell suspensions consistently 

produced the highest inhibition, ranging from 53% to 100% across all agents, with BOR12 and 

TNJ achieving complete growth inhibition (100%) of F. proliferatum. Cell-free filtrate exhibited 

inhibition reaching 33%, suggesting that thermolabile metabolites contribute substantially to 

the antagonistic activity. Autoclaved suspensions also produced measurable inhibition up to 

24%, with no significant differences between them, indicating that thermostable metabolites 

alone provide a baseline level of antifungal activity. 

In this study, the choice of biological agent and the method of suspension preparation 

significantly influenced the in vitro antifungal activity against F. proliferatum. These findings 

hold promise for the development of biofungicidal formulations and warrant further research 

aimed at the isolation, identification and characterisation of the active metabolites, as well as in 

planta evaluation for the control of Fusarium basal rot of onion. 
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ABSTRACT 

Apple blue mold, primarly caused by Penicillium expansum Link (1809), is one of the 

most importat postharvest apple diseases, affecting both fruit quality and safety. Quinone 

outside inhibitor (QoI) fungicides, including trifloxystrobin, are widely used in apple disease 

management programs, however, repeated applications may contribute to reduced sensitivity 

in pathogen populations. This study assessed the sensitivity of 34 P. expansum isolates 

originating from 11 apple storage facilities across Serbia to trifloxystrobin. Isolates were 

identified as P. expansum based on morphological traits and molecular analysis of beta-tubulin 

and calmodulin genes. Colony characteristics and growth rates were evaluated on four growth 

media to assess phenotypic variability among strains. Sensitivity to trifloxystrobin was 

assessed in vitro at a concentration of 0.1 µg/mL incorporated into the growth medium. Since 

the activity of QoI fungicides may be influenced by alternative respiration pathways, 

trifloxystrobin-amended PDA medium was supplemented with SHAM to inhibit alternative 

oxidase activity. Untreated and SHAM-amended controls were included, and colony diameter 

was used to assess fungal sensitivity. Colony diameter depended on isolate identity and 

treatment, with colony diameters ranging from 3.1-4.9 mm in untreated control, 3.2-4.8 mm in 

the control+SHAM treatment, and 1.6-4.0 mm in the trifloxystrobin treatment. Growth 

inhibition rates in the trifloxystrobin-amended medium ranged from 5.33-58.96%. None of the 

34 isolates were fully inhibited, the highest inhibition rate was recorded for isolate P20, while 

ten isolates (P2, P4, P5, P7, P8, P13, P15, P25, P35, and P36) exhibited low inhibition rates 

(<20%), suggesting reduced sensitivity to trifloxystrobin. These results highlight the 

importance of fungicide sensitivity testing as an important component of integrated plant 

disease management and resistance prevention. 

Key words: Apple blue mold, Trifloxystrobin, Fungicide resistance. 
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ABSTRACT 

Systemic antimicrobials are essential for the treatment of infectious diseases; however, 

their inappropriate and excessive use contributes significantly to the development of 

antimicrobial resistance (AMR), representing a major global public health challenge. 

Continuous surveillance of antimicrobial consumption is therefore necessary to support 

rational prescribing practices and guide public health policies. The aim of this paper was to 

present the national sales data on systemic antimicrobials in Montenegro from 2009 to 2024, 

obtained from the database of the Institute for Medicines and Medical Devices of Montenegro 

(CInMED). Antimicrobial consumption trends were evaluated using the World Health 

Organization methodology based on the Anatomical Therapeutic Chemical (ATC) 

Classification System and Defined Daily Dose (DDD), expressed as DDD/1000 inhabitants/day. 

Antimicrobial consumption demonstrated fluctuations during the observed period, ranging 

from 30.24 DDD/1000 inhabitants/day in 2009 to 30.83 in 2024. The lowest recorded 

consumption was observed in 2017 (23.23), indicating a temporary decline in antimicrobial 

use. A slight increase was noted in 2021 (30.59), likely associated with the COVID-19 

pandemic, while data from 2024 suggest a renewed upward trend in antimicrobial 

consumption. Antibiotic consumption in Montenegro in 2024 was 50.39% higher compared 

with the EU average. During 2025, the Ministry of Health, upon the proposal of the National 

Interdisciplinary Commission for Antimicrobial Resistance (NIKRA), initiated activities aimed 

at promoting the rational use of antibiotics at the primary, secondary, and tertiary healthcare 

levels through the introduction of indicators for the quality of antibiotic use. The findings 

highlight the importance of reliable national surveillance data in monitoring antimicrobial 

consumption and addressing antimicrobial resistance trends. Strengthening measures that 

promote the rational use of antibiotics remains essential for preserving the effectiveness of 

antimicrobial agents and combating AMR in the future. 

Key words: Antimicrobial Resistance; Antimicrobial Consumption; Rational Use of Antibiotics; 

Surveillance of Antibiotic Use. 
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ABSTRACT 

Antimicrobial resistance represents a significant global public health issue. Antibiotics 

are used for the treatment and control of various diseases in farm animals, and their improper 

and uncontrolled use is an important factor contributing to the spread of antimicrobial 

resistance. The transmission of antimicrobial resistance from farm animals occurs through 

multiple pathways. One of the main transmission routes is through animal products. 

Meat, milk, and eggs may contain resistant bacteria or their genes, particularly when 

appropriate hygienic and thermal measures are not applied during production, processing, or 

preparation. Through the consumption of such food, humans can ingest resistant 

microorganisms, which may colonize the gut microbiota or transfer resistance genes to other 

bacteria. Furthermore, antibiotic residues in animal products also represent an important 

factor in the spread of antimicrobial resistance. In addition, direct contact with animals 

represents an important route of transmission of antimicrobial resistance to humans. People 

working on farms or veterinarians are frequently in contact with animals, their excreta, and 

contaminated surfaces. As a result, resistant bacteria can easily be transmitted from animals to 

humans, especially under conditions of inadequate hygiene or insufficient protective 

measures. 

Furthermore, the environment is also a significant pathway for the transmission of 

antimicrobial resistance. Resistant bacteria and antibiotic residues are excreted via animal feces 

and urine and enter manure. When manure is used as fertilizer, soil contamination may occur, 

leading to contamination of groundwater and surface water. Through this process, resistant 

bacteria can contaminate plants, crops, and the wider ecosystem, where they may survive and 

further disseminate. As a consequence, these resistant bacteria can be indirectly transmitted to 

other wild and domestic animals, as well as to humans. 
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In conclusion, farm animals may play a significant role in the dissemination of 

antimicrobial resistance through food, direct contact, and environmental contamination. 

Therefore, the rational use of antibiotics and the implementation of biosecurity measures on 

farms are crucial for reducing the spread of antimicrobial resistance associated with farm 

animals. 
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ABSTRACT 

Veterinary treatments, mainly antibiotics, used for therapeutic purposes in dairy cows, 

can be the cause of their residues in milk. Monitoring of antimicrobial drug residues (ADR) in 

raw milk is prescribed by the Law on Food Safety in the Republic of Serbia. However, while 

the Rulebook on the Monitoring Program for Food of Animal Origin (Official Gazette No. 

12/2026) establishes the framework for raw milk monitoring (Table 3) indicates that ADR are 

not included in this monitoring. The presence of ADR in milk is undesirable from several 

aspects. From a human health point of view, allergic reactions, even anaphylaxis or 

sensitization to the drug, are possible. In milk production, ADR in raw milk can delay or 

inhibit fermentation and coagulation, due to the influence of ADR on the starter culture. 

According to current regulations, the trade of raw milk containing ADR above the permitted, 

prescribed limit (MRL) is prohibited. The study aimed to assess whether milk with different 

antibiotic content affects the development of yogurt starter cultures. We spiked milk samples 

with seven different concentrations of gentamicin (400 µg/kg - 24,000 µg/kg), 

cefquinome/cobactan (25 µg/kg - 1,375 µg/kg), and benzylpenicillin (4.4 µg/kg - 110 µg/kg). 

The presence of different concentrations of added antibiotics in milk was confirmed by the 

DELVO test at the Laboratory for milk quality control, Faculty of Agriculture, University of 

Novi Sad. Yogurt was produced under laboratory conditions by adding 2.5% starter cultures 

(Streptococcus salivarius subsp. thermophilus and Lactobacillus delbrueckii subsp. bulgaricus) to 

milk samples, with and without antibiotics, that had been heat-treated at 95 °C for 5 minutes 

and then cooled to 42 °C. The samples were incubated for 3.5 h at 42 °C, and then tested for 

curd firmness and titratable acidity (according to Soxhlet-Henkel). The yogurt starter culture 

did not grow at benzylpenicillin concentrations higher than 110 µg/kg (MRL: 4 µg/kg, 
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according to Regulation EU No 37/2010). Concentration of cefquinome/cobactan higher than 

50 µg/kg (MRL 20 µg/kg) negatively affected the development of yogurt starter culture, as well 

as a concentration of gentamicin higher than 4,000 µg/kg (MRL 100 µg/kg). The use of 

antibiotics can reduce the performance of starter cultures, which negatively affects both the 

quality and sensory properties of the finished product, and also calls into question the health 

safety of dairy products. 

 

Key words: Milk safety; Dairy production; Antibiotic residues. 
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ABSTRACT 

Natural Deep Eutectic Solvents (NADES) represent an innovative and eco-friendly 

alternative to conventional organic solvents. These systems are formed via hydrogen bonding 

by combining hydrogen bond donors (HBD) and hydrogen bond acceptors (HBA). Due to the 

relatively low entropy of NADES systems and the hydrogen-bonding capacity of their 

components, these solvents possess exceptional power for the dissolution and extraction of 

various compounds from natural sources, including phenolic compounds. Resveratrol exhibits 

a remarkably broad spectrum of activity against resistant strains of bacteria, viruses, and 

fungi, acting either independently or in synergy with conventional antibiotics. 

This study investigated the biological efficacy of resveratrol solubilized in various 

newly synthesized NADES systemscombining panthenol with urea, glycerol, betaine, choline 

chloride, and 1,2-propanediol. The antioxidant capacity of the resulting solutions was 

determined using the Ferric Reducing Antioxidant Power (FRAP) assay, while antimicrobial 

activity was evaluated by determining the Minimum Inhibitory Concentration (MIC). Testing 

was conducted on four reference bacterial strains: one Gram-positive (Staphylococcus aureus, 

ATCC 25923) and three Gram-negative strains (Escherichia coli, ATCC 25922, Salmonella enterica 

serotype Enteritidis, ATCC 13076, and Pseudomonas aeruginosa, ATCC 27853). For these 

evaluations, resveratrol solutions in NADES systems were prepared at a concentration of 1% 

(w/v), representing the standard level of active substance commonly used in commercial 

products. 

The FRAP assay results indicated a significant antioxidant capacity for all formulations, 

with values reaching up to 3545 µg AAE/mL. All tested systems demonstrated biological 

potential comparable to resveratrol dissolved in DMSO. Resveratrol formulated in 

panthenol:choline chloride showed a fourfold increase in antimicrobial activity against E. coli, 

S. aureus, and S. enterica (with the lowest MIC value of 1.56% for S. aureus), anda 

twofoldincrease against P. aeruginosacompared with resveratrol in DMSO.The obtained results 
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suggest that innovative and environmentally friendly NADES formulations have substantial 

antioxidant and antimicrobial potential. Future research will focus on evaluating the efficacy 

of these systems against a broader spectrum of bacterial strains, along with further 

assessments of dermal and transdermal applications. 

 

Key words: Natural Deep Eutectic Solvents (NADES); Resveratrol; Antimicrobial activity; 
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ABSTRACT 

Extended-spectrum β-lactamase ESBL/AmpC and carbapenemase producing Escherichia 

coli are able to inactivate a wide range of β-lactam antibiotics, thereby posing a major challenge 

for the treatment of infections. Pig farms may represent important reservoirs and sources of 

dissemination of these resistant bacteria, particularly in settings with inadequate biosecurity 

and uncontrolled antimicrobial use.This study aimed to determine the prevalence of colistin-

resistant ESBL/AmpC/carbapenemase-producing E. coli isolates from two pig farms in the 

Autonomous Province of Vojvodina, Republic of Serbia. Fecal swabs were collected from 

healthy and diseased piglets up to three days of age, piglets older than three days, weaned 

piglets, and finishing pigs. A total of 80 samples were analyzed, with 40 samples collected 

from each farm. One farm operated under high biosecurity standards and used antimicrobials 

exclusively for therapeutic purposes, whereas the other had lower biosecurity standards and 

used antimicrobials for both therapeutic and prophylactic purposes. Following enrichment in 

buffered peptone water, samples were cultured on MacConkey agar supplemented with 

cefotaxime (1 mg/L) to selectively isolate ESBL/AmpC-producing E. coli. Carbapenemase 

producing isolates were screened using ChromID CARBA Smart agar. Species identification 

was performed using the automated biochemical system AUTOMIC-I-600. Antimicrobial 

susceptibility testing was carried out using the disk diffusion method, while colistin 

susceptibility was determined by broth microdilution in accordance with EUCAST guidelines. 

On the high-biosecurity farm, two ESBL producing E. coli isolates were recovered, both from 

diseased weaned piglets. These isolates exhibited a multidrug-resistant phenotype, including 

resistance to β-lactams, fluoroquinolones, aminoglycosides, phenicols, tetracyclines, 

trimethoprim, and trimethoprim/sulfamethoxazole. One isolate was resistant to colistin, while 
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the other was resistant to nitrofurantoin. In contrast, 39 ESBL producing E. coli isolates were 

obtained from the low biosecurity farm, originating from both healthy and diseased animals 

across all production categories. All isolates exhibited multidrug resistance to the previously 

mentioned classes of antibiotics. Colistin resistance was detected in five isolates, and one 

isolate exhibited a combined ESBL/AmpC phenotype. Isolates with an AmpC phenotype or 

producing carbapenemases were not detected. The results indicate a significantly higher 

prevalence of ESBL-producing E. coli on the farm with lower biosecurity standards and 

broader antibiotic use, highlighting the importance of responsible antibiotic use and the 

implementation of appropriate biosecurity measures to control the spread of antimicrobial 

resistance. 

 

Key words: ESBL; AmpC; Carbapenemase; Colistin; Resistance; E. coli; Swine. 
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ABSTRACT 

Antimicrobial resistance (AMR) represents a major global health challenge addressed 

through One Health strategies aimed at reducing and optimizing antimicrobial use across 

human and veterinary medicine. While antimicrobial stewardship is scientifically justified and 

essential for preserving antimicrobial efficacy, its implementation in veterinary practice 

generates complex ethical tensions that are often underrecognized in routine clinical decision-

making. 

Stewardship principles promote restricted and evidence-based antimicrobial use, 

prioritizing reduction of unnecessary treatments and long-term preservation of antimicrobial 

effectiveness. In clinical practice, however, these principles may directly influence therapeutic 

decisions in ways that create moral and professional conflict, particularly when immediate 

animal welfare concerns must be balanced against long-term population-level benefits. 

Veterinarians operate within intersecting responsibilities toward individual animals, 

animal owners, and public health objectives. This position creates a persistent ethical tension 

in which clinical decisions are shaped not only by medical indications, but also by stewardship 

policies, regulatory frameworks, and societal expectations regarding antimicrobial use. In this 

context, responsibility for outcomes becomes distributed across multiple levels, while 

decision-making remains localized at the level of individual clinical cases. 

These tensions are particularly evident when antimicrobial restraint is required in 

situations where clinical uncertainty exists, and where the consequences of delayed or 

modified treatment may directly affect animal welfare outcomes. Rather than functioning 

solely as a regulatory framework, antimicrobial stewardship thus represents an ongoing 

ethical balancing of competing harms: the immediate risk of untreated or undertreated disease 

in individual animals and the long-term societal risk of increasing antimicrobial resistance. 
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Recognizing this duality is essential for developing stewardship approaches that are 

both scientifically robust and ethically sensitive, acknowledging the complexity of veterinary 

clinical decision-making within the One Health context. 

 

Key words: Clinical ethics; Veterinary decision-making; Therapeutic restraint; Professional 

responsibility; Animal health; One Health; Moral uncertainty. 
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ABSTRACT 

Antimicrobial resistance (AMR) is an increasing concern in companion animal medicine 

and represents an important gap within the One Health approach. Close contact between dogs 

and humans may facilitate the transmission of resistant bacteria and resistance genes, 

underscoring the need for surveillance in clinically healthy companion animals. In North 

Macedonia and the wider Balkan region, data on AMR in companion animals remain limited, 

and systematic surveillance in small animal practice is still lacking. This study aimed to 

evaluate the presence of the methicillin resistance genes mecA and mecC and the β-lactamase 

gene blaZ in Staphylococcus spp. isolated from healthy owned dogs, and to assess owner-related 

practices relevant to antimicrobial use and antimicrobial susceptibility testing (AST). 

A total of 59 Staphylococcus spp. isolates obtained from 35 healthy owned dogs were 

analysed. The isolates were identified by MALDI-TOF MS as S. pseudintermedius (36/59, 61.0%), 

S. epidermidis (6/59, 10.2%), S. hominis (6/59, 10.2%), S. schleiferi (4/59, 6.8%), S. equorum (4/59, 

6.8%), S. capitis (2/59, 3.4%), and S. aureus (1/59, 1.7%). They originated from different 

anatomical sites, including the ear, perinasal, perioral, inguinal, perianal, and rectal regions. In 

addition, owner-reported antibiotic use and awareness of AST were evaluated using a 

structured questionnaire. The mecA gene was detected in 11/59 isolates (18.6%), while mecC 

was not detected in any of the tested isolates. The blaZ gene was detected in 24/59 isolates 

(40.7%), whereas co-occurrence of mecA and blaZ was observed in 9/59 isolates (15.2%). At the 

dog level, mecA was detected in isolates from 7 dogs, blaZ in isolates from 15 dogs, and both 

genes in isolates from 5 dogs. Survey findings showed that 8.6% of owners reported 

administering antibiotics without veterinary consultation, while 51.4% stated that they had not 

been informed about AST. 

https://orcid.org/0000-0002-7605-3825
https://orcid.org/0009-0007-0521-7603
https://orcid.org/0009-0005-2533-5768
https://orcid.org/0009-0005-2569-0719
https://orcid.org/0000-0002-4820-3590
https://orcid.org/0000-0002-6582-7020
https://orcid.org/0000-0001-6697-8034
mailto:ivana@fvm.ukim.edu.mk


5th International Conference “Antimicrobial Resistance – Current State and Perspectives” 

104 

 

 

The detection of mecA and blaZ in Staphylococcus spp. from healthy owned dogs 

indicates that these animals may serve as silent reservoirs of clinically important β-lactam 

resistance genes. These findings provide additional regional data on AMR in companion 

animals and highlight the need for improved owner education, stronger veterinary 

communication, and greater use of AST in small-animal practice. The results also support the 

inclusion of clinically healthy owned dogs in future AMR monitoring and stewardship 

strategies in North Macedonia. 
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ABSTRACT 

Bees represent an important component of sustainable agri-food systems due to their 

role in pollination, biodiversity conservation, food production and rural development. 

Although bees are most commonly associated with honey and other beekeeping products, 

their broader contribution is reflected in the provision of ecosystem services that are essential 

for agricultural productivity, environmental stability and the functioning of natural and 

agricultural ecosystems. In this context, the circular economy provides a relevant framework 

for understanding the role of bees in building more resilient, resource-efficient and 

biodiversity-friendly agri-food systems. The connection between bees and the circular 

economy is discussed with particular emphasis on pollination services, sustainable beekeeping 

and biodiversity-oriented agricultural practices. Bees contribute to the circular economy by 

supporting biological cycles, improving crop productivity and quality, and strengthening the 

links between agricultural production, natural ecosystems and local value chains. At the same 

time, circular economy principles can support bee health through practices such as crop 

diversification, the establishment of flower strips and hedgerows, reduced pesticide pressure, 

preservation of semi-natural habitats, reuse of beeswax, valorisation of beekeeping by-

products and the development of local markets for bee products. Bees have a dual role in 

sustainable agri-food systems: they are both indicators of environmental quality and active 

contributors to ecosystem functioning, agricultural productivity and circular value creation. 

The integration of beekeeping with circular and biodiversity-oriented agricultural practices 

can support resource efficiency, pollinator protection and rural development. Accordingly, 

incorporating bees and pollinator-friendly measures into circular economy strategies may 
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contribute to the development of more sustainable, resilient and ecologically balanced food 

systems. 

 

Key words: Bees; Circular economy; Beekeeping; Biodiversity; Sustainable agriculture. 

 
Acknowledgements: This work was supported by the project INNOBEE – Innovative Solutions for Enhancing 

Beekeeping and Modernising Beekeeping Support in the Cross-Border Region between Croatia and Serbia, 

Subsidy Contract Number: 2026HR-RS00210. 



5th International Conference “Antimicrobial Resistance – Current State and Perspectives” 

107 

 

 

SHARING IS CARING: FECAL MICROBIOTA TRANSPLANTS AND 

CANINE HEALTH 

Iva Zečević1*, Diana Brozić2 and Matko Perharić1 

1*Faculty of Veterinary Medicine University of Zagreb, Zagreb, Croatia; 

1Klinisches Department für Nutztiere und Sicherheit von Lebensmittelsystemen, Veterinärmedizinische Universität Wien, 

Wien, Austria 

 
I.Z. https://orcid.org/0000-0002-2549-6044 D.B. https://orcid.org/0000-0001-5419-8129 M.P. https://orcid.org/0009-0004-8522-6427 

*izecevic@vef.unizg.hr 

ABSTRACT 

The canine intestinal microbiome functions as a critical regulator of digestive, immune, 

and metabolic homeostasis. Intestinal dysbiosis, a disruption of this complex microbial 

ecosystem, is implicated in a spectrum of gastrointestinal pathologies, including acute and 

chronic diarrhea, chronic enteropathies, and parvovirosis. As conventional therapeutics alone 

demonstrate limited efficacy in restoring microbial equilibrium, fecal microbiota 

transplantation (FMT) has emerged as a compelling adjunctive intervention. Originally 

established in human medicine, FMT involves the transfer of fecal material from a healthy 

donor into the gastrointestinal tract of an affected recipient with the aim of reconstituting a 

balanced microbial community. 

Donor selection follows rigorous criteria: eligible individuals must have no history of 

gastrointestinal disorders or antimicrobial administration within the preceding twelve months 

and undergo comprehensive clinical and laboratory evaluation prior to inclusion. Fecal 

material is collected via spontaneous defecation, processed into 10-g aliquots, and suspended 

in Ringer's lactate solution with glycerol as a cryoprotectant. The choice of administration 

route is guided by the nature and severity of the condition. In acute presentations, transplants 

are delivered into the proximal rectum at 48-hour intervals until normalization of fecal 

consistency is achieved, a technique that can be performed in a fully conscious patient, 

requiring no sedation and no specialized equipment. In chronic enteropathy, the same rectal 

route is employed, though administration intervals are adapted to reflect the longer-term 

nature of the condition. Endoscopic delivery via colonoscopy represents an alternative 

approach, permitting more proximal colonic deposition and reducing the risk of premature 

expulsion, though it is not routinely favored due to the requirement for general anesthesia and 

specialized equipment. Published retrospective data indicate that the majority of dogs with 

chronic enteropathy refractory to standard treatment show a clinically meaningful reduction 
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in disease activity indices following FMT, with significant improvements also observed in the 

fecal dysbiosis index and bile acid profiles within one month of treatment. 

Current evidence indicates that FMT can accelerate clinical recovery, attenuate 

gastrointestinal signs, and improve overall therapeutic outcomes, particularly within a 

multimodal treatment framework. The procedure represents a paradigm shift in the 

management of dysbiosis-associated conditions in veterinary medicine, offering a biologically 

rational approach to microbiome restoration. Nevertheless, widespread adoption in routine 

clinical practice remains contingent upon the development of standardized protocols, 

prospective controlled trials, and a deeper mechanistic understanding of host-microbiome 

interactions in canine patients. 

 

Key words: Dog; dysbiosis; Fecal microbiota transplantation; Gastrointestinal disorders; Gut 
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ABSTRACT 

Antimicrobial resistance is one of the major One Health challenges associated with 

intensive poultry production. Although it is most often discussed in relation to antimicrobial 

use, the biological conditions that increase the need for treatment are equally important. In 

broiler chickens, the gastrointestinal tract represents a key interface among feed, microbiota, 

mucosal immunity, enteric pathogens and the external environment, and it may also act as a 

reservoir of antimicrobial-resistant bacteria and resistance genes. Therefore, the preservation 

of intestinal health should be considered an important component of antimicrobial resistance 

mitigation. 

The intestinal barrier is a complex anatomical and functional system composed of the 

intestinal epithelium, villi and crypts, the mucus layer, tight junctions, immune cells within the 

lamina propria and gut-associated lymphoid tissue (GALT). When this barrier is preserved, it 

supports nutrient absorption, microbial stability and balanced mucosal immune responses. In 

contrast, impaired barrier integrity may promote dysbiosis, epithelial permeability, 

inflammation and enhanced colonization by pathogens such as Escherichia coli, Salmonella spp., 

Campylobacter spp. and Clostridium perfringens. These conditions can increase the incidence of 

intestinal disorders and the probability of therapeutic or preventive antimicrobial use. 

Available evidence suggests that nutritional and microbiome-oriented interventions, 

including probiotics, prebiotics, phytobiotics and organic acids, may improve intestinal 

resilience by modulating the gut microbiota, supporting mucin production, improving 

epithelial integrity and reducing inflammatory damage. Histologically, these effects may be 

reflected in increased villus height, a more favorable villus-to-crypt ratio, reduced mucosal 

lesions and better preservation of intestinal architecture. Although preservation of the 

intestinal barrier does not directly eliminate antimicrobial resistance, it may reduce disease 

susceptibility, limit pathogen expansion and decrease the need for antimicrobial treatments. 
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Integrating gut morphology, microbiome stability, biosecurity and antimicrobial stewardship 

may therefore provide a broader framework for sustainable poultry production within the One 

Health concept. 

 

Key words: Broilers; Antimicrobial resistance; Intestinal barrier; Gut health. 
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ABSTRACT 

The use of antimicrobial agents in cattle production plays a major role in the treatment 

of bacterial diseases such as mastitis, respiratory and reproductive tract infections. In dairy 

practice, the most frequently used antimicrobial classes include β-lactams, tetracyclines, 

sulfonamides, macrolides, and aminoglycosides, with β-lactams representing the dominant 

group used for intramammary therapy. Regulatory frameworks in the European Union and 

the Republic of Serbia establish strict requirements for antimicrobial residues in food of animal 

origin through maximum residue limits (MRLs), monitoring programs, and mandatory 

withdrawal periods following antimicrobial administration. Given the increasing concern 

regarding antimicrobial resistance (AMR), food safety, and prudent antimicrobial use in dairy 

production, this study evaluated the relationship between antimicrobial use in cattle 

production and antimicrobial residues in milk within the One Health framework. Relevant 

scientific literature retrieved from PubMed and Scopus databases, EFSA monitoring reports, 

EU regulatory documents, and national legislation were analyzed to assess current knowledge 

and field-related challenges associated with residue occurrence. Despite these regulatory 

measures, antimicrobial residues are still occasionally detected in raw milk within official 

monitoring systems. Data from European Union monitoring programs coordinated by the 

European Food Safety Authority (EFSA) indicate a high level of compliance, with non-

compliance rates consistently below 0.2% of tested samples in recent reporting periods. 

Nevertheless, the persistence of even low-level detections highlights the importance of 

continued surveillance and risk mitigation. Scientific literature and monitoring reports indicate 

that  β-lactam  residues  are  most  frequently  identified  in  milk  samples,  followed  by 
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tetracyclines and sulfonamides. This pattern generally corresponds to the widespread use of 

these antimicrobial classes in bovine practice, particularly in dairy herds where mastitis 

represents the primary indication for treatment. However, inconsistencies between 

antimicrobial usage patterns and residue detection suggest that additional factors influence 

residue occurrence, including non-compliance with withdrawal periods, inappropriate or 

extra-label antimicrobial use, insufficient adherence to veterinary prescriptions, and 

inadequate on-farm management practices. In addition, variability in sampling strategies and 

analytical sensitivity may influence reported prevalence across different surveillance systems 

and studies. From a One Health perspective, antimicrobial residues in milk represent not only 

a food safety compliance issue, but also an indicator of upstream antimicrobial use (AMU) 

practices in dairy production systems. Continuous exposure to subtherapeutic concentrations 

of antimicrobials may contribute to the selection and dissemination of antimicrobial-resistant 

bacteria, linking animal production, food safety, and human health within the broader context 

of AMR. The use of contaminated waste milk for calf feeding may further contribute to 

resistance selection and dissemination within dairy production systems, creating additional 

pathways for AMR spread. Reducing antimicrobial residues in milk requires strengthened 

surveillance systems, responsible antimicrobial prescribing, farmer education, and the use of 

reliable rapid screening methods such as microbiological inhibition assays and receptor-based 

tests. Continuous cooperation between veterinarians, dairy producers, laboratories, and 

regulatory authorities is essential for minimizing residue occurrence and mitigating AMR risks 

within a One Health framework. Overall, the findings highlight the importance of integrating 

regulatory compliance, responsible antimicrobial use, and effective surveillance strategies to 

support sustainable dairy production and AMR mitigation. 

 

Key words: Antimicrobial residues; AMR; One Health; Milk safety; Withdrawal period. 
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ABSTRACT 

Antimicrobial resistance (AMR) is recognized as one of the greatest global health threats 

affecting both human and veterinary medicine. In reproductive veterinary practice, 

antimicrobial therapy is frequently initiated under time pressure, especially in emergency 

conditions where immediate intervention may be crucial for both maternal and neonatal 

survival. Conditions such as pyometra, bacterial prostatitis, dystocia, caesarean section, and 

neonatal infections frequently require empirical antimicrobial therapy before bacteriological 

culture and antimicrobial susceptibility testing results are available. Although early 

antimicrobial administration may be life-saving, empirical and prophylactic use of antibiotics 

contributes to the increasing selection pressure for resistant microorganisms. In reproductive 

medicine, therapeutic decisions are additionally complicated by altered pharmacokinetics 

during pregnancy, concerns regarding fetal and neonatal safety, and the limited availability of 

species-specific evidence-based guidelines. Recent research has highlighted the importance of 

maternal and neonatal microbiota in immune system development and long-term health 

outcomes. Antimicrobial exposure during pregnancy, parturition, and the neonatal period 

may significantly alter early microbial colonization, reduce microbial diversity, and facilitate 

the emergence and persistence of antimicrobial resistance. These early-life microbial 

alterations may extend beyond immediate neonatal consequences and potentially influence 

lifelong susceptibility to infectious, metabolic, and immune-mediated diseases. In this context, 

the concept of developmental programming, originally described by Barker’s hypothesis, may 

also be relevant to antimicrobial exposure and resistance development. Early antimicrobial 

interventions could represent a form of microbial and immunological programming with long-

term implications for both individual and population health. This paper discusses the 

challenges of antimicrobial use in veterinary reproduction, the limitations of empirical 

therapy,  and  the  emerging  role  of  neonatal  microbiome  and  resistome  research  in 
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understanding the long-term consequences of early-life antimicrobial exposure. Particular 

emphasis is placed on the importance of antimicrobial stewardship, targeted therapy based on 

culture and susceptibility testing, and the need for further longitudinal studies investigating 

the relationship between reproductive antimicrobial use and lifelong health outcomes. 

 

Key words: Antimicrobial resistance; Reproduction; Neonatal microbiome; Empirical therapy; 

Antimicrobial stewardship. 
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ABSTRACT 

Antimicrobial resistance is an emerging threat to the safety and effectiveness of modern 

cancer care. Patients with malignancies represent a uniquely vulnerable population due to 

disease- and treatment-related immunosuppression, frequent healthcare visits, invasive 

procedures, and repeated or prolonged antibiotic use. In this context, appropriate 

antimicrobial therapy is critical not only for infection control but also for the continuity and 

success of oncological treatment. However, antibiotic decision-making in oncology regarding 

administration of antibiotics often lacks clearly defined ownership, resulting in fragmented 

responsibility and inconsistent prescribing practices. 

In real-world clinical settings, infection management in cancer patients frequently 

occurs at the interface of oncology, primary care, and other disciplines. General practitioners 

may be hesitant to initiate antibiotic therapy in complex oncological situations, while 

oncologists - primarily focused on cancer-directed treatment - may face also certain constraints 

in antimicrobial treatment selection and optimization. Infectious disease specialists are not 

always involved in early decision-making. This decision gap could potentially create a clinical 

environment in which responsibility is not well defined, leading to both delayed or insufficient 

treatment of infections and the overuse or inappropriate selection of broad-spectrum agents. 

These patterns could contribute directly to the emergence and amplification of antimicrobial 

resistance. 

Pharmacovigilance considerations are particularly important in oncology as a high-risk 

and heterogeneous patient population. Drug-drug interactions between anticancer therapies 

and antimicrobials, altered pharmacokinetics, and organ dysfunction significantly affect safety 

as well as efficacy. Hepatic impairment, especially in patients with liver metastases and 

cholestasis, or renal impairment further complicate antibiotic selection and dosing. A typical 
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scenario involves a patient with metastatic liver disease and subsequent biliary obstruction 

who develops recurrent cholangitis, requiring repeated empirical broad-spectrum antibiotic 

courses with limited opportunity for optimization or de-escalation. In this setting, antibiotic 

misuse is frequently intertwined with medication errors, including inappropriate agent 

selection, incorrect dosing, failure to adjust to organ function, and inadequate monitoring. 

These factors increase the risk of adverse drug reactions, therapeutic failure, and repeated 

antimicrobial exposure. 

By examining common clinical scenarios, this presentation highlights how the absence 

of clearly defined responsibility in antibiotic prescribing contributes to misuse in oncology and 

could drive antimicrobial resistance. Addressing this challenge requires a shift toward 

structured and accountable decision-making processes, strengthened interdisciplinary 

collaboration, and the integration of pharmacovigilance principles into routine oncology care. 

Defining clear clinical responsibilities in the multidisciplinary cancer care team may represent 

a critical step in enhancing patient safety and preventing the development of antimicrobial 

resistance in this vulnerable patient population. 
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ABSTRACT 

This paper aims to review the impact of antibiotic administration in lactating dogs on 

neonatal puppies, with a focus on drug transfer into milk and potential clinical consequences. 

The use of drugs, particularly antibiotics, in lactating dogs represents a significant clinical 

challenge in veterinary medicine. In this highly specific physiological state, therapeutic 

intervention must be provided in a manner that ensures improvement of the dam’s health 

status, without compromising the health of neonatal puppies. Since the mammary gland is 

highly active during lactation and drug transfer into milk is an inherent consequence of this 

physiological process, puppies are frequently exposed to pharmacologically active substances 

during a highly sensitive period of growth and development. In lactating dogs, the milk-to-

plasma ratio is considered a key pharmacokinetic parameter for assessing drug distribution 

into milk. For non-steroidal anti-inflammatory drugs, a high degree of transfer into milk has 

been reported, although minimal systemic absorption has been observed in puppies. However, 

available data regarding antibiotic use in lactating dogs remain limited, representing a 

significant gap in veterinary pharmacology, canine puerperium, and neonatology. Neonatal 

puppies exhibit immature hepatic and renal function, as well as a highly sensitive 

gastrointestinal microbiome. Consequently, antibiotic accumulation may occur, along with 

gastrointestinal disturbances and dysbiosis of the intestinal microflora. Evidence from other 

animal species and human medicine indicates that even low concentrations of antibiotics 

present in milk may influence the development of the microbiota and immune system of 

offspring. 

Antibiotic therapy in lactating dogs is most commonly indicated in cases of mastitis, 

metritis, urinary tract infections, and post-operative infections, including those following 
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cesarean section. The most commonly recommended antibiotic classes in these conditions 

include β-lactam antibiotics (penicillins and cephalosporins) and macrolides, applied with 

appropriate caution. In contrast, fluoroquinolones are generally avoided due to potential 

adverse effects on cartilage development, tetracyclines due to effects on dentition and bone 

formation, while aminoglycosides are used restrictively due to their potential nephrotoxicity. 

As a clinical recommendation, the selection of antibiotics with minimal transfer into milk, the 

application of the shortest effective therapeutic regimen, and the consideration of temporary 

separation of puppies in cases of prolonged therapy are emphasized. This approach 

contributes to effective treatment of the dam while simultaneously minimizing risk to 

neonates. 

In conclusion, rational antibiotic use in lactating bitches requires strict clinical 

indication, the implementation of antimicrobial susceptibility testing, as well as appropriate 

dosing and treatment duration. Unnecessary antibiotic therapy should be avoided, while 

continuous monitoring of the clinical condition of puppies during treatment is considered 

essential. 

 

Key words: Lactation; Antibiotic exposure; Pharmacokinetics; Milk; Therapy; Dog. 
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