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Abstract

Antimicrobial resistance (AMR) represents a formidable global health crisis, compelling the adoption
of the One Health approach which integrates human, animal, and environmental health sectors. This
publication examines the challenges and strategies in combating AMR, emphasizing the application of One
Health principles, especially in resource-constrained settings. The paper outlines significant lessons learned
from successful AMR interventions worldwide. Materials and methods: The methodology involves a literature
review and analysis of scientific articles available in global databases dedicated to the issue of AMR, as well
as materials related to the implementation of various strategies to combat AMR at the national and
governmental levels. Results: Challenges identified relate to gaps in surveillance, education, international
cooperation, and resource allocation in low-resource settings. The analysis further delves into future research
implications, advocating for a deeper understanding of resistance mechanisms, the impact of interventions, the
development of rapid diagnostics, vaccine research, and the exploration of alternative therapies. Examples
from the European Union, Bangladesh, Canada, China, India, and the USA have been examined. Conclusions:
The paper concludes by calling for intensified collaborative efforts to mitigate AMR and tailored strategies
that recognize the diverse contexts of countries grappling with resource limitations. Suggesting that addressing
AMR requires concerted global efforts, the publication outlines actionable strategies within the One Health
framework to maintain the effectiveness of antimicrobials. The future direction emphasizes the significance of
comprehensive surveillance, the impact evaluation of interventions, policy development, and community
engagement in ensuring sustainable solutions to AMR.
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Introduction

Antimicrobial resistance is one of the most pressing global health challenges of our time, posing
a significant threat to both human and animal health. This silent pandemic has the potential to undo
decades of medical progress, pushing us closer to a post-antibiotic era where simple infections could
once again become deadly. The widespread use of antimicrobial agents in animal populations,
particularly for growth promotion and prophylaxis, has contributed to the selective pressure on
microorganisms, leading to the emergence and spread of resistant strains [1, 2]. How does AMR
impacts human and animal health? AMR reduces the effectiveness of antibiotics, making it difficult
or even impossible to treat bacterial infections [3]. This leads to longer illnesses, increased risk of
complications, and higher mortality rates. Treating resistant infections requires longer hospital stays,
more expensive medications, and specialized care, placing a significant burden on healthcare systems
worldwide. AMR impacts animal health and welfare, leading to prolonged illnesses, increased
mortality, and reduced productivity in livestock [1, 2]. AMR can lead to significant economic losses
for farmers due to reduced production, increased veterinary costs, and trade restrictions. The
widespread use of antimicrobials in agriculture contributes to the emergence and spread of AMR,
threatening the sustainability of food production and global food security [4]. The interconnectedness
of human, animal, and environmental health means that AMR in one area can quickly spread to others
[5]. For instance, resistant bacteria originating in livestock can spread to humans through the food
chain or direct contact, and vice versa. Addressing AMR requires a global, collaborative effort. We
need to adopt a One Health approach that recognizes the interconnectedness of human, animal, and
environmental health to effectively combat this growing threat. This perspective is crucial in
addressing the complex issue of antimicrobial resistance, as it requires a comprehensive
understanding of the factors contributing to the problem and the implementation of coordinated
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strategies across different sectors [6]. Humans and animals share many of the same microbes [7]. The
overuse or misuse of antimicrobials in any sector (human health, animal health, or agriculture) can
lead to the development and spread of resistant bacteria that can affect both populations. The
environment plays a crucial role in the transmission of AMR. Improper disposal of pharmaceutical
waste, agricultural runoff, and inadequate sanitation can contaminate water and soil, creating
reservoirs for resistant bacteria to thrive and spread to humans and animals [6]. Addressing AMR
requires a coordinated effort from various sectors, including human and veterinary medicine,
agriculture, environmental health, and policymakers [7]. One Health provides a framework for these
stakeholders to work together, share information, and implement comprehensive strategies to mitigate
the emergence and spread of AMR. By acknowledging the interconnectedness of human, animal, and
environmental health, One Health encourages a holistic approach to AMR. This collaborative
framework is essential for developing effective strategies to prevent, control, and mitigate the threat
of AMR. Antimicrobials, including antibiotics, have revolutionized medicine and dramatically
improved human and animal health since their discovery. However, the widespread use of these drugs
has also fueled the rise of antimicrobial resistance, presenting a significant threat to global health.
Despite their benefits, antimicrobials are often overprescribed or used inappropriately, such as for
viral infections, which they cannot treat. This practice contributes significantly to the development
and spread of AMR [8]. Hospitals are a significant source of AMR due to the high concentration of
patients with weakened immune systems and the frequent use of broad-spectrum antibiotics. In
livestock production, antimicrobials are sometimes used prophylactically to prevent disease
outbreaks, especially in intensive farming systems. However, this practice can contribute to AMR
[9]. For decades, subtherapeutic doses of antimicrobials have been used in animal feed to promote
growth and improve feed efficiency in livestock. This practice is a major driver of AMR and has been
banned or restricted in many countries [10]. Like veterinary medicine, antimicrobials are used in
agriculture to prevent disease outbreaks in livestock, but this practice can also contribute to AMR if
not carefully managed [11]. The widespread use of antimicrobials across these sectors has created
selective pressure that favors the survival and spread of resistant bacteria [9]. This highlights the
urgent need for responsible antimicrobial stewardship in all sectors to preserve the effectiveness of
these life-saving drugs for future generations.

Objective

This paper aims to provide a comprehensive literature review on the complex issue of
antimicrobial resistance at the animal-human interface examining the challenges and strategies in
combating AMR, emphasizing the application of One Health principles. The paper outlines
significant lessons learned from successful AMR interventions worldwide.

Materials and methods

The methodology involves a literature review and analysis of scientific articles available in
global databases dedicated to the issue of AMR, as well as materials related to the implementation of
various strategies to combat AMR at the national and governmental levels.

Results
1.Key strategies to combat AMR

Combating the global treat of AMR requires a multifaceted approach involving individuals,
healthcare professionals, veterinarians, agricultural practices and policymakers. The key strategies to
combat AMR are summarized in Table 1. Addressing AMR requires a sustained and coordinated
effort from all stakeholders. By implementing these strategies, we can mitigate the impact of AMR,
preserve the effectiveness of existing antimicrobials, and protect human and animal health for future
generations.
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Table 1. Key strategies to combat AMR

2.0neHealth in action: success stories to combat AMR
2.1.AMR Strategies in European Union: the multifaceted approach
The European Union recognizes antimicrobial resistance as a significant threat to public health
and has implemented a comprehensive strategy to combat it. This strategy, based on the One Health
approach, involves coordinated action across various sectors and levels, presented in Table 2.
Table 2. Tackling Antimicrobial Resistance: The European Union's Multifaceted Approach

2.2.US National Antimicrobial Resistance Monitoring System (NARMS)

A collaborative effort between the Centers for Disease Control and Prevention (CDC), Food
and Drug Administration (FDA), and U.S. Department of Agriculture (USDA). NARMS monitors
antimicrobial resistance in bacteria from humans, retail meats, and food animals in the United States.
NARMS provides crucial data on emerging resistance trends, helping to identify potential foodborne
threats and guide interventions in both human and animal health [13,19].

2.3. Canadian Antimicrobial Resistance Surveillance System (CARSS)

Established in 2017, CARSS is a national system that monitors trends in antimicrobial use and
resistance in humans, animals, and the environment [20,21]. Canadian Nosocomial Infection
Surveillance Program tracks healthcare-associated infections, including those caused by resistant
organisms [22]. Pan-Canadian Framework for Action outlines a collaborative approach to address
AMR, involving federal, provincial, and territorial governments, as well as stakeholders in human
and animal health, and the environment.

2.4. China’s Growing Role in the One Health Approach to Antimicrobial Resistance

China has developed and implemented a National Action Plan on Antimicrobial Resistance,
outlining strategies for surveillance, prevention, control, and research across human, animal, and
environmental sectors. The country has been enhancing its AMR surveillance systems, including the
establishment of the China Antimicrobial Resistance Surveillance System to monitor resistance
trends in humans and animals [23]. The Chinese government has introduced regulations to restrict
the use of antimicrobials in livestock feed and promote responsible antimicrobial use in both human
and veterinary medicine.

2.5. National Strategic Plan for Antimicrobial Resistance Containment in Bangladesh

Bangladesh developed a National Strategic Plan for Antimicrobial Resistance Containment to
guide national efforts in AMR surveillance, prevention, control, and research Training programs are
being organized for healthcare professionals, pharmacists, and veterinarians on AMR, antimicrobial
stewardship, and infection control. National Guidelines for Antimicrobial Susceptibility Testing were
developed to standardize laboratory practices and improve the accuracy of AMR surveillance data.
Several research institutions and universities in Bangladesh are conducting studies on AMR
prevalence, mechanisms of resistance, and interventions [24]. Some hospitals in Bangladesh are
implementing antimicrobial stewardship programs to optimize antibiotic use and reduce resistance
[25]. Public awareness campaigns are being conducted to educate the population about AMR and the
importance of responsible antimicrobial use [26].

2.6. India's Action Plan

The National Action Plan for AMR was launched in 2017 [27]. The plan provides a
comprehensive framework for tackling AMR across various sectors, including human health, animal
health, and the environment The government has taken steps to regulate the sale of antibiotics, making
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it mandatory for pharmacies to dispense antibiotics only on prescription [28]. Efforts are underway
to implement antimicrobial stewardship programs in hospitals and other healthcare settings to
promote appropriate antibiotic use [29].

Discussion

Antimicrobial resistance (AMR) is a challenge that all countries are facing. Every nation,
regardless of its level of development, encounters difficulties in this struggle. It is essential that AMR
strategies are successful; therefore, they must be based on the One Health approach and foster
international collaboration in this field. A review of the literature in this field has indicated that,
particularly in recent years, countries have been making more comprehensive and standardized efforts
to combat AMR. However, it is evident that there are numerous challenges that countries from various
regions face, which we identified during the review. For the European Union, these challenges are
implementation gaps (the implementation varies across member-states); data sharing and behavioral
change (addressing inappropriate antimicrobial use requires sustained efforts to change prescribing
behaviors among healthcare professionals and antimicrobial use practices in agriculture). Key
challenges for Canada are rising resistance rates for several important pathogens, including
methicillin-resistant Staphylococcus aureus and vancomycin-resistant enterococci [22]; inappropriate
use and overuse of antibiotics [30], agricultural use of antimicrobials and knowledge gaps about AMR
transmission pathways. For Bangladesh and India, the challenges identified are resource constraints
in implementing comprehensive AMR control programs; lack of awareness about AMR among the
general public, healthcare providers, and policymakers and weak enforcement of regulations related
to antimicrobial use [24-29].

Conclusion

Addressing the issue of antimicrobial resistance requires a multifaceted approach that
encompasses various strategies across different sectors. Preserving the continued effectiveness of
existing antimicrobials is crucial, which can be achieved by eliminating their inappropriate use and
limiting the spread of resistant microorganisms. Collaboration between human and veterinary health
professionals, as well as environmental scientists, is necessary to develop and implement
comprehensive solutions to this complex challenge. Despite the challenges, countries from different
regions across the globe are making progress in addressing AMR. Continued efforts and collaboration
with international partners will be essential to effectively combat AMR.
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Table 1. Key strategies to combat AMR

Strategy

Elements

Reducing Antimicrobial
Use and Misuse

Implementing robust
stewardship programs in

Optimizing Prescribing Practices: Encouraging healthcare
professionals to prescribe antibiotics only when necessary,
selecting the appropriate medicines and dosage, and limiting
treatment duration [12].

healthcare settings and | Restricting Over-the-Counter Access: In certain countries,
agricultural practices is | limiting over-the-counter access to antibiotics without a
crucial prescription can help curb unnecessary use.

Promoting Alternatives in Agriculture: Phasing out the use
of antimicrobials for growth promotion in livestock and
exploring alternative strategies like improved hygiene,
vaccination, and disease surveillance [8].

Prevention the Spread of
Infection

Implementing  rigorous
infection control measures
in healthcare facilities,
communities, and
agricultural  settings s
essential.

Hand Hygiene: Promoting frequent and thorough handwashing
with soap and water or alcohol-based sanitizers.

Vaccination: Encouraging vaccination against common
infectious diseases to reduce the need for antimicrobial
treatments.

Improved Sanitation and Hygiene: Ensuring access to clean
water, sanitation facilities, and promoting good hygiene
practices in communities and livestock operations [6].

Promoting Research and
Innovation

New Antimicrobials: Investing in research and development of
new antibiotics, alternative therapies (like phage therapy), and
novel approaches to combat resistant infections is crucial
[Innovations to Slow Antibiotic Resistance, 2023].
Diagnostics: Developing rapid and accurate diagnostic tools to
identify the causative agent of an infection and determine its
susceptibility to specific antimicrobials can help guide
appropriate treatment and reduce unnecessary antibiotic use
[13].

Vaccines: Supporting the development of new vaccines for
both humans and animals to prevent bacterial infections and
reduce the reliance on antimicrobials.
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Rasing Awareness and
Education

Public Awareness Campaigns: Educating the public about
AMR, its consequences, and the importance of responsible
antimicrobial use through various channels [14].

Training Healthcare Professionals: Providing ongoing
education and training to healthcare professionals on
antimicrobial stewardship, infection control, and the latest
developments in AMR.

Engaging the Agricultural Sector: Raising awareness among
farmers and veterinarians about responsible antimicrobial use in
livestock and promoting best practices.

Global Collaboration
and Surveillance

International Cooperation: Strengthening global surveillance
networks to track the emergence and spread of resistant
organisms and share information on effective interventions
[15].

Policy and Regulations: Implementing and enforcing policies
to regulate antimicrobial use in human and veterinary medicine,
as well as in agriculture [15].

Table 2. Tackling Antimicrobial Resistance: The European Union's Multifaceted Approach

Strategy

Actions

Policy & Legislation

EU One Health Action Plan against AMR [16].

EU legislation on veterinary medicines and medicated feed:
These regulations aim to restrict the use of antimicrobials in
animals, particularly those critically important for human health
[16].

European Antimicrobial Awareness Day: Held annually, this
initiative aims to raise awareness about AMR and promote
prudent antimicrobial use.

Surveillance and

Monitoring

European Antimicrobial Resistance Surveillance Network:
This network collects and analyzes data on antimicrobial
resistance in bacteria from humans across EU/EEA countries
[17,18].

European Surveillance of
Consumption:  This  program
consumption in animals across the EU.

Veterinary  Antimicrobial
monitors  antimicrobial

Antimicrobial
Stewardship

EU Guidelines on Prudent Use of Antimicrobials: These
guidelines provide recommendations for healthcare professionals
on appropriate antimicrobial prescribing.

National Action Plans: EU member states have developed
national action plans on AMR, outlining strategies for
antimicrobial stewardship in human and veterinary medicine.

Infection  Prevention

and Control

EU Standards for Infection Control: The EU has established
standards for infection prevention and control in healthcare
settings.

Vaccination Programs: The EU promotes vaccination programs
to prevent infectious diseases and reduce the need for
antimicrobials.
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Research
Innovation

and

EU Funding for AMR Research: The EU provides significant
funding for research on new antimicrobials, diagnostics, and
alternative therapies.

Innovative Partnerships: The EU supports public-private
partnerships to accelerate the development of new solutions for
AMR.

International
Collaboration

Global Health Security Agenda: The EU actively participates
in the Global Health Security Agenda, working with international
partners to combat AMR.

Joint Programming Initiative on Antimicrobial Resistance:
This initiative brings together EU member states and associated
countries to coordinate research efforts on AMR.
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