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HEALTH IMPACT OF ANTIMICROBIAL RESISTANCE WITHIN 

THE FRAMEWORK OF PLANETARY HEALTH 
 

Dora Šereš 

Mentor: dr Olga Horvat, full professor 
University of Novi Sad, Faculty of Medicine, Department of Pharmacology, Toxicology and Clinical Pharmacology,  

Republic of Serbia 

 

Abstract 

Planetary health, a field examining the link between human health and the natural 

environment, emphasizes preserving environmental integrity to support long-term human well-

being. Within this framework, antimicrobial resistance (AMR) presents a significant threat, impacting 

human, animal, and environmental health. 

The most immediate consequence of AMR in human health is the inability to treat common 

infections, resulting in prolonged illness, higher mortality rates, and increased healthcare costs, 

especially among vulnerable populations such as young children, the elderly, and those with 

compromised immune systems. AMR affects not only humans but also animals, as resistant 

infections spread among livestock, poultry, and companion animals. Overuse of antibiotics in 

livestock production promotes the emergence of resistant bacteria, which can be transmitted to 

humans through direct contact or the food chain. Environmental contamination from antibiotic 

pollution, including pharmaceutical manufacturing and agricultural runoff, introduces resistant 

bacteria into ecosystems, creating reservoirs of resistance that re-enter human and animal 

populations. Climate change complicates AMR by altering ecosystems and disease vectors, 

potentially spreading resistant infections to new areas. It can affect AMR directly through changes in 

temperature and precipitation, or indirectly through shifts in populations, agriculture, water 

availability, and hydrology, influencing the development and transfer of resistant bacteria. 

Mitigating the health impact of AMR requires a coordinated approach across healthcare, 

agriculture, environmental management, and policy. Strategies should be grounded in One Health 

and Planetary Health, promoting responsible antimicrobial use (AMU), strengthening healthcare 

systems, and investing in alternatives and surveillance. Public awareness and education are essential 

for changing behaviors and reducing unnecessary prescriptions. Collaboration among policymakers, 

researchers, and industry is key to developing comprehensive AMR strategies. Investment in 

research for new antimicrobial agents and improving global surveillance will help address AMR and 

ensure the long-term sustainability of antibiotics. 

 

Key words: Planetary Health; Antimicrobial Resistance; Climate Change; Environmental 

Contamination 
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DOXYCYCLINE AS ANTIBIOTIC OF CHOICE TO TREAT  

MYCOPLASMA SPP. INFECTIONS IN DOGS 
 

Jovan Bajilov and Mihajlo Gavrić 

Mentor: dr Ivan Galić, assistant professor 
University of Novi Sad, Faculty of Agriculture, Department of Veterinary Medicine, Republic of Serbia 

 

Abstract 

Doxycycline is a broad-spectrum tetracycline antibiotic that inhibits bacterial growth and is 

thought to have anti-inflammatory effects. It is used to treat various infections caused by Gram-

positive and Gram-negative bacteria, as well as some other microorganisms, including mycoplasma 

infections. Doxycycline is highly lipophilic, which allows it to easily penetrate cells. This property 

also facilitates its absorption after oral administration and contributes to its large volume of 

distribution. Additionally, its high lipophilicity enables reabsorption in the renal tubules and 

gastrointestinal tract, resulting in a prolonged elimination half-life.  

The Mycoplasmas are the smallest and simplest self-replicating procaryotes. The Mycoplasma 

cell contains only the minimum set of organelles essential for cell growth and replication: a plasma 

membrane, ribosomes, and a doublestranded deoxyribonucleic acid (DNA) molecule. Unlike all other 

procaryotes, mycoplasmas have no cell wall, which makes them resistant to a large number of 

antibiotics. It is not fully clarified whether mycoplasmas are primary or secondary causative agents of 

infection in dogs suffering from pneumonia. Mycoplasmas are often isolated together with canine 

herpesvirus, canine reovirus, bacteria such as Streptococcus spp., Pasteurella spp., Pseudomonas spp., 

and coliform bacteria, as causative agents of upper respiratory tract infections. As many as 30-50% of 

dogs and 23-75% of bitches carry mycoplasmas in their genital tract, leading to frequent mixed 

infections caused by mycoplasmas and other bacteria. Species from the mycoplasma have been 

isolated from semen and urine of both sterile dogs and dogs suffering from purulent epididymitis. 

The role of mycoplasmas in reproductive system infections in dogs is difficult to assess because 

mycoplasmas are often detected on the mucous membranes of healthy animals. Mycoplasma canis has 

successfully isolated from the prostate, epididymis, and bladder wall, and other mycoplasmas from 

the vagina of female dogs in different stages of the reproductive cycle. 

Due to their characteristic structure, mycoplasmas are resistant to beta-lactam antibiotics, and 

prolonged therapy with beta-lactams can complicate the infection. Doxycycline, administered orally 

is generally effective in immunocompetent animals that are not in critical condition. It should be 

noted that doxycycline is a drug that stops bacterial protein synthesis; therefore, the duration of 

doxycycline therapy should be longer than bactericidal antibiotics. Because of its effectiveness, 

doxycycline use is justified, but only after diagnosis of mycoplasma, in order to avoid antimicrobal 

resistence. 

 

Key words: Antibiotic; Antimicrobal resistance; Infection; Reproduction; Dog 
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OCCURRENCE OF ANTIMICROBIAL - RESISTANT BACTERIA  

IN THE CONJUNCTIVAL FLORA SWAB OF SAINT BERNARDS 
 

Tena Jagodić 

Mentor: dr Marko Pećin, associate professor 
University of Zagreb, Faculty of Veterinary Medicine, Republic of Croatia 

 

Abstract 

The bacterial resident and opportunistic flora of the conjunctiva of dogs can be an important 

source for the spread of pathogens in the environment or to the other animals and humans. However, 

contamination with bacteria from external sources is common. The study of the pattern of 

antimicrobial resistance may be an indicator of the exchange of multidrug-resistant strains. This 

study was focused on Saint Bernards as it is a predisposed breed. The animals studied were healthy, 

but about half of them had a history of eye disease/treatment.  

Swabs collected from the conjunctival sacs were analysed by conventional microbiological 

culture and antimicrobial susceptibility testing. The most common Gramme positive genus was 

Staphylococcus spp., while the Gramme negative genus, Pseudomonas spp. was found exclusively in 

dogs with a history of ocular disease/treatment. Some other significant genera that was identified 

were represented by Bacillus, Streptococcus, Trueperella, Aeromonas and Neisseria. The results obtained 

suggest a possible association between the presence of mixed flora and a history of ocular 

disease/treatment. In general, a high AMR was generally observed for all isolates (90%), especially for 

doxycycline, chloramphenicol, penicillin and kanamycin. MDR was observed for Staphylococcus spp. 

and Pseudomonas spp. This result and a zoonotic potential could indicate an exchange of these strains 

within animal-human populations and the environment. 

 

Key words: Ocular flora; Saint Bernard; Staphylococcus; Pseudomonas 
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INCORPORATION OF ARTIFICIAL BEEF FLAVOR IN THE POLYMER MATRIX  

FOR 3D PRINTING USING FDM TECHNOLOGY 
 

Aleksa Vojnović and Ivan Božić 

Mentor: dr Mladena Lalić-Popović, full professor 
University of Novi Sad, Faculty of Medicine, Department of Pharmacy, Centre for Medical and Pharmaceutical Investigations and 

Quality Control (CEMPhIC), Republic of Serbia   

 

Abstract 

A key step in controlling antimicrobial resistance is proper and complete therapy, which is 

ensured by good patient compliance. When it comes to animals, the most effective way to achieve 

satisfactory compliance is to make the medicine acceptable to the animal. 3D printing technology 

allows control of palatability parameters such as shape, texture, taste, and porosity, which is not 

possible in the conventional way. Fused deposition modeling (FDM) is most commonly used for 3D 

printing of medicines, but it is characterized by the disadvantage of using high temperatures. The 

aim of the study was to investigate the possibility of incorporating the protein structure of artificial 

beef flavor into a hydroxypropyl cellulose matrix, which is standardly used in this methodology. 

Particle size distribution was determined by sieve analysis, and drying loss was determined on 

a moisture balance. Hot melt extrusion was applied to obtain filaments suitable for 3D printing. 

Printability was assessed after printing 3D objects, varying the shape, filling method, and filling 

density. The aroma showed a plasticizing effect when added to the polymer matrix, with a 10% 

content resulting in filaments that were smoother, shinier, straighter, and with less diameter variation 

compared to the mixture with 20% aroma. By applying a BB core of 0.8 and a temperature higher 

than extrusion, it is possible to print 3D objects of good quality. 

Artificial beef flavor has proven to be a suitable raw material for 3D printing using FDM technology. 

In future research, it is necessary to investigate the extrudability and printability after the addition of 

the appropriate active pharmaceutical ingredient (antimicrobial agent) and to conduct palatability 

studies 

 

Key words: HPC; Hot melt extrusion; Particle size distribution; Loss od drying 
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ANTIMICROBIAL RESISTANCE OF BACTERIA PRESENT IN  

EXTERNAL EAR CANAL INFECTIONS IN DOGS 
 

Branislava Pantić 

 Mentor: dr Zorana Kovačević, associate professor 
University of Novi Sad, Faculty of Agriculture, Department of Veterinary Medicine, Republic of Serbia 

 

Abstract 

Otitis externa is an inflammation of the external ear canal that can affect different parts, from 

the eardrum to the external opening of the ear. Due to the increased occurrence of antimicrobial 

resistance and resistant strains of otitis externa, the aim of this review study was to evaluate the 

occurrence and sensitivity of different strains of bacteria to antimicrobial drugs isolated from the ears 

of dogs with signs of otitis externa. Fifty ear swabs were taken at the "Master Vet Team" veterinary 

clinic in Petrovaradin, Republic of Serbia, and sent to the laboratory for testing for the presence of 

pathogens. Based on the obtained results, the largest number of isolated pathogens were Malassezia 

pachydermatitis (74%) and Staphylococcus pseudointermedius (90%). The best drug of choice for the 

treatment of otitis externa, based on the antibiogram, is amoxicillin with clavulanic acid (S. 

pseudointermedius), gentamicin and ceftriaxone (Proteus). Also, based on the conducted study, it was 

shown that genetic predisposition has a great influence, ie. the position of the dog's ears, whereby 

dogs with drooping ears have a much higher chance of developing pathogenic microorganisms 

inside the ear shell in as many as 64% of cases. Considering the given results, it should be 

emphasized that during the examination, the most important thing is to take a swab in an adequate 

way, send it for analysis and do an antibiogram. In addition, it is very important to instruct the 

owners to take care of the hygiene of the auricle because poor hygiene is one of the main 

predisposing factors for the occurrence of infection. 

 

Key words: Otitis externa; Antimicrobial resistance; Malassezia pachydermatitis; Staphylococcus 

pseudointermedius; Antibiogram 
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BACTERIAL OCCURRENCE AND ANTIMICROBIAL RESISTANCE IN 

THE URINARY TRACT OF DOGS AND CATS 
 

Klara Buhanec  

Mentor: dr Marko Pećin, associate professor 
University of Zagreb, Faculty of Veterinary Medicine, Republic of Croatia  

 

Abstract 

Bacterial urinary tract infections are common diagnosis in small animal practice and one of the 

main reasons for prescribing antimicrobials. We analysed 1862 samples from the urinary tract of dogs 

and cats submitted to a veterinary microbiology diagnostic laboratory in 2019 and 2020. The 

susceptibility of 962 uropathogenic isolates to 15 antimicrobials recommended as first- and second-

line treatment options for urinary tract infections was determined according to Clinical & Laboratory 

Standards Institute (CLSI) recommendations. Bacterial growth of uropathogens was detected in 

43.9% of dog samples and 38.5% of cat samples. E. coli was the most frequently isolated pathogen 

with the percentage of 48.4%, followed by Enterococcus spp. (11.9%) and coagulase-positive 

staphylococci (11.5%). Female animals were more likely to have a positive microbiologic culture. 

Regarding first-line antibiotics. 93.4% of the most frequently isolated uropathogenic species were 

sensitive to the first-line antibiotics amoxicillin/clavulanic acid and 87.6% to trimethoprim-

sulfamethoxazol, while 76.1% showed reduced sensitivity to amipicilin. Multidrug resistance was 

found in 11.9% E. coli, 50.4% of Enterococcus spp. and 42.7% of coagulase-positive staphylococci; 

90.6% of these were sensitive to nitrofurantoin. Our dana suggest that empiric treatment of urinary 

tract infections with amoxicillin/clavulanic acid or trimethoprim-sulfamethoxazol could be 

recommended and is preferable to treatment with amoxicilin. Nitrofurantoin should be considered 

for the treatment of multidrug resistance uropathogens.  

 

Key words: Urinary tract infection; Antimicrobial resistance; E. coli; Enterococcus spp.; Staphylococci 
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EXPLORING THE CONSEQUENCES OF USING CRITICALLY IMPORTANT ANTIMICROBIALS 

INTENDED FOR HUMAN MEDICINE IN VETERINARY PRACTICE 
 

Iva Dukić 

Mentor: dr Zorana Kovačević, associate professor 
University of Novi Sad, Faculty of Agriculture, Department of Veterinary Medicine, Republic of Serbia 

 

Abstract 

Antimicrobial resistance (AMR) represent global public health issue since around 2.8 million 
human cases of infections is caused by antimicrobial-resistant, and this number could reach 10 
million by 2050. if AMR is not reduced. The main drivers of spread and development of AMR are 
inappropriate and excessive use of antimicrobials, as well as gene transmission between humans, 
animals and environment. Furthermore, the very complex problem represents critically important 
antimicrobials (CIAs), given and listed by public and animal health. There was clear evidence of 
adverse human health consequences due to resistant organisms resulting from non-human usage of 
antimicrobials; increased frequency of infections, increased frequency of treatment failures, increased 
severity of infections, as documented by fluoroquinolone resistant human Salmonella infections. The 
consequences of AMR were particularly severe when pathogens were resistant to antimicrobials 
critically important for human health. The World Health Organization (WHO)  has classified five 
classes of highest priority critically important antimicrobials (HP-CIAs) based on their clinical 
importance in human medicine and the risk of resistance transfer from animals. Quinolones are 
known to select for quinolone-resistant Salmonella spp. and E. coli in animals. Cephalosporins (3rd 
and higher generation) are known to select for cephalosporin-resistant Salmonella spp. and E. coli in 
animals. At the same time, 3rd and higher generation cephalosporins are one of few available 
therapies for serious Salmonella spp. and E. coli infections in humans, particularly in children. 
Macrolides and ketolides are known to select for macrolide-resistant Campylobacter spp. in animals, 
especially Campylobacter jejuni in poultry. At the same time, macrolides are one of few available 
therapies for serious Campylobacter infections, particularly in children, for whom quinolones are not 
recommended for treatment. Glycopeptides are known to select for glycopeptide-resistant 
Enterococcus spp. in food animals. The glycopeptide avoparcin was used as a growth promoter in the 
1990s, mainly in Europe and Australia, when vancomycin-resistant enterococci (VRE) developed in 
food animals and were transmitted to people. Polymyxins (e.g. colistin) are known to select for 
plasmid mediated polymyxin-resistant E. coli in food animals. At the same time, intravenous 
polymyxins are one of few available therapies for serious Enterobactericeae and Pseudomonas aeruginosa 
multi-resistant infections in people in healthcare settings in many countries, especially in seriously ill 
patients in critical care. Among the antimicrobials classified as HP-CIAs by the WHO, 
fluoroquinolones (e.g. enrofloxacin, ciprofloxacin, marbofloxacin) and extended-spectrum 
cephalosporins are the most frequently prescribed in small animal veterinary practice. According to 
studies, in Europe, use of HP-CIAs is most frequent for urogenital infections in both dogs (27%, 
including 26% fluoroquinolones) and cats (62%, including 49% fluoroquinolones, and 13% 
cephalosporins). In conclusion, the use of CIAs in both human and veterinary medicine presents a 
substantial risk for the emergence of AMR. A critical approach to combatting AMR is the reduction 
and possible restriction of antimicrobial use in veterinary medicine, as humans, animals, and the 
environment are interconnected through the One Health approach. Achieving rational antibiotic use 
and raising public awareness about AMR are key strategies to mitigate this global health threat in the 
future. 

  
Key words: Antimicrobials; Antimicrobial resistance; Infections; One health  
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USE OF ANTIBIOTICS IN PYOMETRA OF SMALL ANIMALS 
 

Sonja Urošević and Anastasija Živković 

Mentor: dr Ivan Galić, assistant professor 
University of Novi Sad, Faculty of Agriculture, Department of Veterinary Medicine, Republic of Serbia 

 

Abstract 

Pyometra is a significant reproductive disorder in middle-aged to older intact female dogs and 

cats, characterized by bacterial infection and the accumulation of pus in the uterus during the luteal 

phase. Its development is influenced by hormonal factors, primarily progesterone, which predisposes 

the endometrial lining to infections from ascending bacteria, predominantly Escherichia coli. Other 

bacteria such as Pasteurella spp., Staphylococcus spp., Streptococcus spp., Pseudomonas spp. and Proteus 

spp., can be isolated from pyometra either in pure or mixed cultures. Pathogenesis involves the 

alteration of the uterine environment, fostering bacterial adherence and proliferation. Clinical signs 

vary, with symptoms ranging from vaginal discharge and lethargy to severe systemic illness when 

the cervix is closed. Diagnosis relies on physical examination, laboratory tests, and diagnostic 

imaging, with closed-cervix cases often presenting diagnostic challenges due to subtle symptoms. 

Treatment typically involves surgical ovariohysterectomy, which is effective in preventing 

recurrence. Medical management, involving hormonal and antimicrobial therapies, is reserved for 

young breeding animals with an open cervix and no concurrent complications. The antibiotics most 

commonly used for pyometra are amoxicillin and clavulanic acid. A retrospective study was 

conducted in a private Swedish hospital, examining complications that developed within 30 days 

following pyometra surgery and evaluating whether clinicians adhered to national guidelines on 

antibiotic use. The analysis included 140 cases, with 27 dogs experiencing complications. In total, 50 

dogs received antibiotic treatment before or during surgery, while in 90 cases, antibiotics were either 

not administered at all or were started postoperatively. The most common complication was surgical 

wound infection, observed exclusively in dogs that did not receive antibiotics prior to or during 

surgery. Postoperative care is essential for recovery, with most animals regaining health within 

weeks. Prognosis generally favors survival; however, complications such as sepsis and uterine 

rupture elevate mortality risks. For breeding animals, nonsurgical options utilizing progesterone 

antagonists and uterotonic agents may be pursued, with variable success. Preventative measures, 

including elective spaying and hormone management, can reduce the risk of pyometra and improve 

reproductive health outcomes in susceptible breeds. For breeding animals, nonsurgical options 

utilizing progesterone antagonists and uterotonic agents may be pursued, with variable success. 

Preventative measures, including elective spaying and hormone management, can reduce the risk of 

pyometra and improve reproductive health outcomes in susceptible breeds. 

The use of antibiotics in the treatment of pyometra is indicated, but it is recommended that the 

choice of antibiotic be based on an antibiogram.   

 

Key words: Uterus; Antibiotic; Antibiogram; Dog; Cat 
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PATHOGENICITY OF ALTERNARIA SPP. ISOLATES ON APPLE FRUITS 
 

Aleksandra Delić 

Mentor: dr Mladen Petreš, teaching assistant 
University of Novi Sad, Faculty of Agriculture, Republic of Serbia 

 

Abstract 

Alternaria rot is a significant postharvest apple disease, primarily caused by Alternaria alternata, 

but various Alternaria species can cause rot. Besides economic losses, Alternaria spp. also produce 

mycotoxins, which are significant for their toxicity and carcinogenicity. Keeping in mind that most 

fungicides applied preharvest do not provide complete protection of fruits during storage, while 

postharvest fungicide application and application during storage is not allowed due to residues and 

other unfavorable ecotoxicological properties, the fruits remain unprotected during storage, and 

susceptible to infection. 

The isolates were obtained using standard phytopathological procedures from fruits with 

characteristic symptoms of Alternaria rot. Based on macroscopic and microscopic characteristics 20 

isolates were identified as Alternaria spp. The pathogenicity of the isolates was tested on healthy, 

symptomless fruits of the Golden Delicious cultivar which were wounded and artificially inoculated 

with 7-day-old mycelial plugs, while control fruits were inoculated with sterile PDA plugs. 

Inoculation was performed in three replications, apple fruits were placed in plastic boxes, and 

incubated under humid conditions at 24 ± 2°C. The development of symptoms was observed daily for 

10 days. All tested isolates formed necrosis on apple fruits, while symptoms were not registered in 

the control. The evaluation was performed by measuring two normal diameters of the necrotic lesion 

on the fruits and used for data processing. The statistical analysis of the data was performed in the 

STATISTICA 14 program (TIBCO Software Inc.) using the ANOVA test, while the Tukey HSD test 

was used to test the significance of differences between the isolates. 

Differences in the degree of pathogenicity of isolates were statistically significant. The largest 

necrosis diameter of 19.4 mm was measured in isolate A21/22, and it was at the same level of 

significance with dimeters measured in isolates A1/22 (18.8 mm) and A20/22 (18.1 mm). Isolate 

A14/22 had the smallest necrosis diameter of 5.9 mm and isolates A16/22 and A13/22 were at the same 

level of significance. Symptoms were not registered in the control. Based on this research, it can be 

concluded that all tested isolates of Alternaria spp. are pathogenic, but the pathogenicity varied 

significantly and differed among different isolates. 

 

Key words: Alternaria spp.; Apple fruit rot; Postharvest disease 
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SIGNIFICANCE OF THE CLINICAL APPLICATION OF THYMO 
 

Barbara Tunjić, Marija Gelenčir and Ivana Mršo  

Mentor: dr Mislav Kovačić, assistant professor 
Josip Juraj Strossmayer University of Osijek, Department of Biology, Republic of Croatia 

 

Abstract 

Thyme (Thymus vulgaris), an aromatic herb from the Lamiaceae family, is well-known for its 

diverse medicinal properties and widespread use in traditional medicine. Its active components, 

such as thymol and carvacrol, contribute to various biological effects, including antibacterial, 

antifungal, and antioxidant properties. Due to its safety and efficacy, thyme is increasingly utilized in 

clinical practices, and research has demonstrated its potential in treating various ailments. Research 

has shown that thyme essential oil possesses significant antimicrobial properties, effectively 

inhibiting the growth of various bacteria and fungi. Thyme is also used in treating respiratory 

infections, where it can help reduce cough symptoms and ease breathing. Additionally, thyme 

extracts have demonstrated anti-inflammatory effects, which may be beneficial in managing 

inflammatory processes, including arthritis. Clinical studies confirm that adding thyme to the diet 

can have a positive impact on overall health, improving digestion and strengthening the immune 

system. Thyme represents a valuable clinical resource with diverse applications in disease treatment 

and prevention. Its antimicrobial, anti-inflammatory, and antioxidant properties make it an 

important complement to both traditional and modern therapies. Further research may clarify the 

mechanisms behind thyme's effects and broaden its potential applications in clinical practice, 

promoting its use as a natural therapeutic agent in diverse health contexts. 

 

Key words: Thymol; Carvacrol; Antimicrobial propertie 
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DETECTION OF ANTIBIOTIC - RESISTANT BACTERIA FROM WOUNDS OF PETS AS 

POTENTIAL RISK FOR HUMAN HEALTH 
 

Vinka Holjevac 

Mentor: dr Marko Pećin, associate professor 
University of Zagreb, Faculty of Veterinary Medicine, Republic of Croatia 

 

Abstract 

Small animals frequently have skin wounds such as scratches, bites and burns which can 

become infected with antibiotic-resistant bacteria (ARB), exposing a risk to their owners or 

veterinarians by getting ARB or becoming hosts for disseminating antibiotic-resistant gene (ARG) on 

their microbiota. This research used culture-based and molecular technology combined with a 

proteomic approach to reveal the most common bacteria associated with wound infection in dogs 

and cats, evaluate their antibiotic-resistance and identify the ARG. A total of 136 bacteria isolates 

were identified from wound swabs. Their species identification was made by using chromogenic 

media and MALDI-TOF spectrometry. Twelve ARG were detected by PCR and disk diffusion was 

used to screen for antibiotic resistance. The most prevalent species were E. coli, E. faecalis and 

Staphylococcus pseudointermedius. All Pseudomonas showed resistance to ceftazidime, 

piperacillin/tazobactam, imipenem, and tylosin. Acinetobacter mostly resisted tylosin. All Enterococcus 

were resistant to imipenem. Clindamycin showed a resistance rate of 39.2% in Staphylococci and a 

majority of Enterobacterales were resistant to amoxicillin/clavulanic acid. Common ARGs included 

blaTEM, which relates to extended-spectrum beta-lactamase, strA (for streptomycin resistance), and 

sul3 (for sulfonamide resistance). Future veterinary medicine should try to search for new 

antimicrobial treatments due to the high risk of ARB and ARG being passed from animals to humans. 
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Abstract 

The use of antibiotics on animal farms represents an important issue in the context of public 

health, animal health and welfare, and environmental protection. Antibiotics are widely employed on 

farms for disease prevention, treatment, and in some cases, to enhance growth and productivity. 

Preventive use of antibiotics is common to prevent the occurrence of diseases on farms, where 

animals are in close contact and can easily transmit infectious agents. In some cases, antibiotics are 

used in small doses to improve animal growth, known as "growth promoters," as it is believed that 

antibiotics can enhance feed efficiency and increase the growth rate of animals. Preventive use, 

particularly in densely populated farm settings where infectious agents spread easily, is common 

practice. Additionally, antibiotics have historically been used in subtherapeutic doses as "growth 

promoters," believed to improve feed efficiency and increase the growth rate of animals. While this 

practice has been banned in the European Union since 2006, it remains prevalent in other regions, 

such as China. In response to rising meat demand, many farms in China have transitioned to 

intensive farming systems, where animals live in overcrowded, poorly ventilated barns without 

natural light. Under these conditions, animals are routinely treated with antibiotics to prevent disease 

outbreaks and administered growth promoters to reduce feed consumption and accelerate 

production cycles, maximizing profits. Globally, animals consume more antibiotics than humans, 

with an estimated 63,000 tons of antibiotics administered annually to chickens, pigs, and cattle as of 

2010, according to a landmark study published in Proceedings of the National Academy of Sciences of the 

United States of America. A significant portion of these antibiotics, ranging from 30% to 90%, is 

excreted by animals through urine and feces, entering the environment and potentially disrupting 

ecosystems. Antibiotic residues can also be introduced into the environment through medical waste, 

improper disposal, or even airborne particles in barns. This contamination risks fostering 

antimicrobial resistance (AMR) and impacting human health. AMR is a growing problem on many 

farms, as producers have noticed that the good old antibiotics no longer work, because bacteria have 

developed resistance to them. As a result, they are using newer antibiotics. These newer antibiotics 

are what the World Health Organization today calls critical antibiotics, those that we want to 

preserve for treating very dangerous diseases in humans. However, people are developing resistance 

to these newer types of antibiotics. The problem is that today, there are no new antibiotics emerging. 

The pharmaceutical industry has stopped investing in research and development of new antibiotics, 

so we are gradually running out of effective drugs to treat bacterial infections. Without urgent 

measures to reduce antibiotic misuse in agriculture and invest in the development of new drugs, the 

crises of AMR and antibiotic shortages will worsen, endangering global health and food security. 

This interconnected problem demands a multifaceted approach rooted in the principles of One 

Health, emphasizing the interdependence of human, animal, and environmental healt. 
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Abstract 

Oxidative stress (OS), caused by reactive oxygen species (ROS), is characterized by a dynamic 

imbalance between the production of free radicals in the body and the levels of antioxidants available 

to neutralize them. This imbalance can lead to adverse effects if free radicals are not adequately 

scavenged. Cinnamon (Cinnamomum zeylanicum, Lauraceae) has long been consumed both as a spice 

and as a natural food preservative and has been used as a remedy for various ailments, including 

digestive problems, gastritis, blood circulation problems and inflammatory conditions. Due to its 

therapeutic properties, especially its antimicrobial effect, cinnamon (Cinnamomum zeylanicum) is 

valued in traditional medicine and the food industry. The main active substances are 

cinnamaldehyde, cinnamyl alcohol and cinnamyl acetate. Cinnamaldehyde is known for destroying 

cell membranes of various microorganisms, thus they become more permeable and cell death occurs. 

In addition, cinnamon inhibits key microbial enzymes leading to the limitation of pathogen growth.  

Cinnamon is effective against bacterial and fungal pathogens. Studies show that cinnamon oil 

effectively inhibits common bacterial strains such as Escherichia coli, Staphylococcus aureus and 

Salmonella typhimurium. It works on both gram-positive and gram-negative bacteria, making it 

effective against antibiotic-resistant strains. Cinnamon also exhibits antifungal properties, especially 

against Candida and Aspergillus species. Due to its antimicrobial properties, cinnamon is a natural 

preservative, so it is also used in the food industry. Adding cinnamon oil to food products helps 

inhibit spoilage bacteria, extending shelf life and providing a natural alternative to synthetic 

preservatives. With proven antimicrobial potential, cinnamon also has promising applications in the 

medical field, such as topical treatments and antiseptics, offering a natural complement to 

conventional antibiotics. The effects of cinnamon have been well studied and indicate its significant 

potential as a natural antimicrobial agent. The active components of cinnamon oil have shown the 

ability to inhibit the growth of various microorganisms, including bacteria and fungi. The use of 

cinnamon in the food, medical and pharmaceutical industries represents a viable and natural 

alternative to synthetic antimicrobial agents, with promising potential for future research and use. 
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Abstract 

Mastitis is defined as an inflammation of the mammary gland and represents one of the most 

important diseases in dairy cows. Usual treatment protocols include antibiotics as the main mean of 

dealing with bacteria that are the most common pathogen found in ill udders. Conventional 

treatments with antibiotic could leave antibiotic residues in the milk and lead to development of 

resistant bacteria. Especially, the uncontrolled use of antibiotics without determing the antibiogram 

in mastitis therapy is an important factor in the spread of antimicrobial resistance in dairy cattle. 

Besides, residues of antibiotics in milk and other animal product can causing a public health problem, 

including allergic reaction, immunopathological effects, carcinogenicity, mutagenicity, nephropathy, 

hepatotoxicity, reproductive disorders and anaphylactic shock in humans. For this reason, the 

development of alternative methods for treatment of bovine mastitis is very important. These 

alternative methods include, phytotherapy, nanotherapy, bacteriophage therapy and use of some 

derivatives from bacteria and animals. Nanotherapy is a relatively new technology in veterinary 

medicine and is one of the fastest growing field. According to literature a variety of different 

nanoparticles such as silver, cooper and zinc oxide are being used. This therapy has shown significant 

results against S. Aureus when it used alone or in combination with antibiotic. Phytotherapy is one of 

the most promising alternatives for fighting pathogens. It uses pharmacological active compounds 

found in plants that are extracted and often used as essential oils to concentrate these antimicrobial 

substances. Most commonly used extracts come from thyme (wild and domestic), oregano, rosemary. 

Unfortunately these compounds showed better results in vitro, but also have some promising results 

in vivo. Bacteriophages are a group of viruses that can infect and kill bacteria at the end of their lytic 

cycle. Phages and their bacterial hosts are present in various environments, such as soil, oceans, 

freshwater, humans, and animals. Bacteriophage activity is based on specific infection of the host 

bacteria leading to lysis of the bacterial cell (lytic phages) or a lysogeny—the integration of phage 

genetic material into the host bacterial chromosome (temperate phages). Unfortunately, their usage is 

limited due to the special conditions required to storage them. Animal and bacteria derived 

therapeutics are also considered as an alternative to conventional methods. When talking about 

mastitis, the most important antimicrobial substances are found in the milk itself. For an example 

lactoferin, which binds iron and therefore inhibits the growth of E. coli. Besiede, there are also 

lysozyme, immunoglobulins, lactoperoxidase, and β-defensin which all show bacteriocidic or 

bacteriostatic action. From bacterias the most important extracted compound is bacteriocin, a peptide 

that is produced by lactic acid symbiotic bacteria. This is important because it will not damage the 

good gut flora only the pathogens. All these mentioned alternative methods of mastitis therapy could 

lead to reduce of antibiotic usage and consequently reduce of antimicrobial resistance. 
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Abstract 

To ensure the safety of researchers and prevent experimental contamination, the practice of 

disinfection in laboratory settings is necessary. Laboratories often work with dangerous agents, 

which is why it is necessary to implement effective hygiene protocols. Recent studies have 

highlighted the need for targeted disinfection methods using chemical and physical means to 

effectively manage specific pathogens and contaminants. First, it is necessary to carry out alcohol- 

based disinfection. Ethanol and isopropanol in concentrations of 70%-80% are very effective because 

they denature proteins and dissolve lipids, deactivating a wide range of microorganisms. Studies 

show that a contact time of 1 minute is sufficient to neutralize pathogens such as SARS- CoV-2 and E. 

coli (Kampf et al., 2020). Then solutions and vapors of hydrogen peroxide are used next. Hydrogen 

peroxide, especially in vaporized form, has been shown to be effective against resistant 

microorganisms and spores, making it ideal for disinfecting equipment and confined spaces. For the 

thorough elimination of pathogens, a 3% solution with a 15-minute exposure is recommended 

(Rutala et al., 2019). UV-C light is also used in disinfection. UV-C light (200-280 nm) is effective for 

air and surface disinfection, especially in biosafety cabinets. Exposure of 5-10 minutes effectively 

deactivates bacteria, viruses and spores on non-porous surfaces (Narita et al., 2020). Quaternary 

ammonium compounds (QAC) can also be used. QACs are commonly used to clean laboratory 

floors, walls and surfaces. Modified QAC formulations can improve efficacy against viruses and 

resistant bacteria, with a recommended concentration of 0.1%–0.2% and a 10- minute contact time 

(Rasmussen et al., 2020). Finally, autoclaving is applied for sterilization. Autoclaving at 121°C for 15-

20 minutes at 15 psi is a standard and reliable method for decontaminating biohazard waste and 

reusable equipment, which effectively destroys bacterial spores (CDC, 2020). The combination of 

chemical disinfectants, physical methods such as UV-C radiation and autoclaving provides a 

comprehensive approach to laboratory disinfection. Regular updates to disinfection protocols, guided 

by current research, help adapt to new pathogens and ensure a safe work environment. 
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Abstract 
The aim of this study is to investigate the rational use of antimicrobials in poultry. The study 

was conducted through a questionnaire completed by 23 farmers. The majority of respondents 
(56.5%) own facilities with a capacity of 5,000 to 15,000 chickens per cycle, followed by farms with a 
capacity exceeding 30,000 (30.4%), while 13.1% of respondents manage farms with 15,000 to 30,000 
broilers. According to the survey results, the most common cause of disease is E. coli, as reported by 
69.6% of respondents. The same percentage of respondents report using preventive antimicrobials 
either occasionally or constantly, while only 30.4% of farmers do not use antimicrobials preventively. 
Amoxicillin and Enrofloxacin are the most frequently used for prophylactic purposes, used in over 
60% of cases, followed by Tylosin (33.3%). The use of the drug Colistin for prophylactic purposes was 
also reported (20%). The average number of antimicrobials used during one cycle was as follows: 
once (52.2%), twice (30.4%), and three times (4.3%). Farmers state that antimicrobials are most often 
used during the first week and between the 25th and 30th day. When asked whether they administer 
antimicrobials themselves or on the order of a veterinarian, the smallest number of respondents 
administer these drugs independently (4.3%). 43.5% do so under the veterinarian's guidance, while 
the largest number of farmers (52.2%) apply antimicrobials both independently and according to a 
veterinarian's order. When it comes to the criteria used for deciding on therapy and drug selection, a 
large percentage of farmers administer antimicrobials based on their previous experience, followed 
by consultation with a veterinarian, discussions with other farmers, and research on the Internet. 
When asked how easy it is to obtain antimicrobials "over the counter," on a scale from 1 (very easy) to 
5 (impossible), 30.4% of respondents rated it as 1. The average score was 2.7. 82.6% of farmers used 
some alternatives to antimicrobials, while 21.7% did not. Farmers most often used prebiotics and/or 
probiotics (68.2%), followed by essential oils (9.1%), while other methods were used by a smaller 
percentage. All respondents stated that they are aware of the risks associated with the irrational use 
of antimicrobials. Additionally, all respondents stated that they are familiar with the concept of the 
withdrawal period and that they adhere to it according to the instructions provided by the drug 
manufacturer. 95.7% of respondents state that they have a desire to reduce the use of antimicrobials. 
The same percentage of respondents declared that if they received the right information through 
education, they would be ready to reduce the use of antimicrobials. Based on the results of this study, 
we can conclude that antimicrobials are largely used prophylactically, often based on the judgment of 
the farmers themselves without consulting a veterinarian, and that antimicrobials are easily available 
to farmers over the counter, which should not be the case. A mitigating factor is that all farmers 
comply with the withdrawal period, and an encouraging fact is that a large number of farmers would 
like to reduce the antimicrobials in production. 
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Abstract 

Mastitis in cows is an inflammation of the mammary gland, where the main causative agents 

are microorganisms that, in combination with the cow’s health status and environmental factors, lead 

to the development of the disease. The most significant microorganisms that can cause mastitis 

include: Staphylococcus aureus, Streptococcus agalactiae, Streptococcus dysgalactiae and Streptococcus 

uberis.  

Cloxacillin is an antibiotic that belongs to the group of polysynthetic penicillins. Its spectrum 

of activity targets Gram-positive bacteria, and it is particularly significant due to its use against 

bacteria that produce beta-lactamase, as the enzyme does not affect it. This makes it effective against 

such bacteria, including Staphylococci. Due to these properties, cloxacillin is a very important drug in 

the treatment of mastitis. 

Cloxacillin can be used in the treatment of mastitis in several ways. The most common method 

is through intramammary injectors, where the antibiotic is administered directly into the udder 

through the mammary gland, providing a local form of treatment. It can also be used systemically, 

which involves intramuscular or subcutaneous administration, typically in cases of more severe 

infections. 

Antimicrobial resistance represents a major global problem, both for animals and for humans. 

Due to the unjustified and irrational use of antibiotics, resistance has developed in many bacteria, 

including the causative agents of mastitis. According to data from the literature, the percentage of 

mastitis pathogens resistant to cloxacillin is 73.8%, highlighting the scale of this problem. In strains of 

Staphylococcus aureus that have developed resistance to cloxacillin, there is production of a different 

type of beta-lactamase, to which cloxacillin is not resistant, and this enzyme degrades the antibiotic. 

Additionally, another problem arises. Bacteria have a penicillin-binding protein to which antibiotics 

from the penicillin group, including this drug, normally bind. However, in resistant strains, the 

conformation of this protein changes, preventing antibiotics from this group from binding and 

exerting their effect.  

The most common mistakes that lead to the development of resistance to cloxacillin include 

the lack of proper diagnostics. In practice, it often happens that the causative agents of mastitis are 

not identified, and antibiograms are not performed to ensure the correct choice of treatment. 

Additionally, contributing to the development of resistance are issues such as underdosing and 

inadequate duration of therapy. Both shorter or longer treatment durations, as well as insufficient 

doses of the drug, can allow bacteria to survive and develop resistance to the antibiotic. 
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