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| ABSTRACT

Antimicrobial resistance (AMR) has emerged as one of the most serious threats to animal health, public health, and global food
security. The extensive use of antimicrobials in livestock production for disease prevention, treatment, and growth promotion
has accelerated the development of resistant microorganisms. Resistant pathogens can spread among animals, humans, and the
environment through direct contact, food chains, and environmental contamination. This review examines the current status of
antimicrobial resistance in livestock production systems, identifies key drivers contributing to resistance development, and
discusses sustainable control strategies.
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Abstract:-

Antimicrobial resistance (AMR) has emerged as one of the most serious threats to animal health, public health, and global food
security. The extensive use of antimicrobials in livestock production for disease prevention, treatment, and growth promotion
has accelerated the development of resistant microorganisms. Resistant pathogens can spread among animals, humans, and the
environment through direct contact, food chains, and environmental contamination. This review examines the current status of
antimicrobial resistance in livestock production systems, identifies key drivers contributing to resistance development, and
discusses sustainable control strategies. Particular emphasis is placed on antimicrobial stewardship, biosecurity measures,
vaccination programs, alternative therapies, and policy interventions. The review highlights the importance of a One Health
approach that integrates human, animal, and environmental health sectors to address the growing AMR challenge.

Introduction:-
Livestock production plays a critical role in global food systems by supplying meat, milk, eggs, and other animal-derived
products. Increasing demand for animal protein has led to intensified livestock farming practices worldwide. To maintain
animal health and productivity, antimicrobials have been extensively used in livestock production systems. Although
antimicrobial agents have contributed significantly to disease control and improved productivity, their misuse and overuse have
accelerated the emergence of antimicrobial-resistant microorganisms. Resistant bacteria reduce treatment effectiveness,
increase production costs, and threaten public health through zoonotic transmission. The World Health Organization, Food and
Agriculture Organization, and World Organisation for Animal Health have identified antimicrobial resistance as a major global
Copyright: © 2026 the Author(s). This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC-BY) 4.0 license (https://creativecommons.org/licenses/by/4.0/). Published by Jana Publication and Research LLP.
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health concern. The challenge extends beyond veterinary medicine and requires coordinated international efforts to ensure
sustainable livestock production while preserving antimicrobial effectiveness.

Overview of Antimicrobial Resistance:-
Antimicrobial resistance occurs when microorganisms evolve mechanisms that enable them to survive exposure to
antimicrobial agents that would normally inhibit or kill them.

Major resistant microorganisms include:-
* Escherichia coli

* Salmonella species

» Campylobacter species

» Staphylococcus aureus

* Enterococcus species

Resistance mechanisms include:-

» Enzymatic degradation of antibiotics

» Modification of antimicrobial targets

* Reduced membrane permeability

* Efflux pump activation

* Biofilm formation

These adaptations enable pathogens to survive treatment and continue spreading within animal populations.

Antimicrobial Use in Livestock Production:-

Therapeutic Use:-

Antibiotics are commonly administered to treat bacterial infections in livestock. Appropriate therapeutic use remains essential
for maintaining animal welfare and productivity.

Prophylactic Use:-
In many production systems, antimicrobials have been used to prevent disease outbreaks, particularly where animals are raised
under intensive conditions.

Growth Promotion:-
Historically, low-dose antibiotics were used as growth promoters to improve feed efficiency and growth rates. However,
concerns regarding resistance development have led many countries to restrict or ban this practice.

Drivers of Antimicrobial Resistance in Livestock Systems:-
Several factors contribute to the development and spread of AMR.

Overuse of Antibiotics:-
Excessive administration of antibiotics creates selective pressure favoring resistant strains.

Inadequate Veterinary Supervision:-
Unregulated access to antibiotics can result in inappropriate drug selection, incorrect dosages, and incomplete treatment
courses.

Intensive Production Systems:-
High animal densities facilitate disease transmission, increasing reliance on antimicrobial treatments.

Poor Biosecurity Practices:-
Insufficient hygiene measures increase infection risks and antibiotic dependency.

Public Health Implications:-
The emergence of resistant pathogens in livestock has significant implications for human health.
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Transmission pathways include:-

+ Consumption of contaminated food products
* Direct animal-human contact

* Environmental exposure

» Water contamination

The One Health concept recognizes the interconnectedness of human, animal, and environmental health and serves as a

framework for AMR mitigation.

Environmental Dimensions of AMR:-

Antimicrobial residues and resistant bacteria can enter the environment through:-
* Animal manure

» Wastewater discharge

* Agricultural runoff

* Soil contamination

Environmental reservoirs contribute to the persistence and spread of resistance genes across ecosystems.

Sustainable Strategies for AMR Control:-

Antimicrobial Stewardship:-

Stewardship programs promote responsible antimicrobial use through:-
* Veterinary oversight

« Evidence-based treatment protocols

* Monitoring and surveillance

* Education and training

Improved Biosecurity:-
Biosecurity measures reduce disease occurrence and antibiotic dependence.

Examples include:-

« Farm sanitation

« Controlled animal movement
* Quarantine procedures

« Visitor restrictions

Vaccination Programs:-
Vaccination reduces disease incidence and lowers antimicrobial requirements.

Benefits include:-

* Enhanced herd immunity

* Reduced pathogen circulation
« Improved productivity

Alternative Approaches to Antibiotics:-

Promising alternatives include:-

* Probiotics

* Prebiotics

* Phytogenic feed additives

* Bacteriophages

* Immunomodulators

These alternatives may reduce antimicrobial use while supporting animal health and productivity.

Policy and Regulatory Frameworks:-
Effective policies should focus on:-

* Restricting non-therapeutic antibiotic use
« Strengthening surveillance systems

* Supporting veterinary services

» Promoting research and innovation

+ Encouraging international collaboration
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Future Perspectives:-

Future efforts should prioritize:-

* Development of novel antimicrobial agents

* Rapid diagnostic technologies

* Genomic surveillance

* Precision livestock farming

* Global One Health initiatives

Investment in research and policy development will be essential for sustainable AMR management.

Conclusion:-

Antimicrobial resistance represents a major challenge to livestock production, animal welfare, and public health. The continued
emergence of resistant pathogens threatens the effectiveness of essential treatments and may compromise global food security.
Sustainable control strategies must combine responsible antimicrobial use, improved farm management, vaccination programs,
surveillance systems, and supportive policy measures. A coordinated One Health approach remains essential for addressing
antimicrobial resistance and ensuring the long-term sustainability of livestock production systems.
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