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Abstract

The worldwide health community faces a serious challenge from antimicrobial resistance
(AMR), which undermines the efficacy of therapies for diseases brought on by bacteria,
viruses, fungi, and parasites. The mechanisms of microbial resistance, including as genetic
mutations, horizontal gene transfer, the synthesis of enzymes, target alteration, and efflux
pumps, are examined in this article. Examined are the elements that have contributed to
the spread of antimicrobial resistance (AMR), including environmental contamination,
insufficient infection control procedures, and the overuse and misuse of antibiotics in
agricultural and human health. AMR has significant negative clinical and financial effects,
including higher rates of morbidity and mortality, longer hospital stays, and significant
increases in healthcare expenses. The development of novel antibiotics, antibiotic
stewardship initiatives, infection control protocols, and alternative medicines like phage
therapy and immune modulators are some of the mitigation techniques that are covered.
International cooperation and global initiatives, especially those headed by the World
Health Organisation (WHO), are emphasised for their importance in battling antimicrobial
resistance (AMR). A coordinated, multi-sectoral strategy, ongoing funding for research
and innovation, and strong regulations to guarantee the prudent use of antibiotics are all
necessary to combat antimicrobial resistance (AMR). We can create practical plans to
preserve the effectiveness of antibiotic therapies and defend world health by
comprehending and addressing the complex nature of antimicrobial resistance (AMR).




Dr. Mrs. G.S. Karande /AfrJ.Bio.Sc. 6(Sil) (2024) Page 143 of 13

Keywords

e Antimicrobial resistance
« Antibiotic stewardship

e Infection control

o Genetic mutations

o Horizontal gene transfer
o Efflux pumps

e Phage therapy

e Global health

e WHO initiatives

o Alternative therapies

Introduction

Antimicrobial resistance (AMR), commonly known as microbial resistance, is a developing
global health concern. It happens when bacteria, viruses, fungi, and parasites develop
resistance to the effects of antimicrobial medications. This makes normal treatments
ineffective and increases the risk of transmission, causes persistent illnesses, and raises
mortality rates. AMR is one of the top ten worldwide public health hazards, according to the
World Health Organisation (WHO), underscoring the urgent need for comprehensive action
to lessen its effects. [1-4]

The overuse and misuse of antibiotics in human medicine, veterinary care, and agriculture is
the main cause of the rise in antimicrobial resistance (AMR). A major factor in the
establishment and dissemination of resistance strains is the widespread use of antibiotics in
cattle for growth promotion and illness prevention, inappropriate prescribing practices, and
patient noncompliance with treatment regimens. The issue is further made worse by
inadequate infection control procedures in healthcare facilities and drug leakage into the
environment. [6-10]

AMR presents serious obstacles to clinical practice, public health, and financial stability.
Because resistant infections require more costly and rigorous treatments, they are linked to
greater rates of morbidity and mortality, longer hospital admissions, and higher healthcare
costs. Moreover, the financial strain affects society development and productivity outside of
healthcare systems. [11-15]

The objectives of this review are to give a thorough understanding of the mechanisms
underlying microbial resistance, pinpoint the causes of its emergence, and go over practical
mitigation techniques. To counter this worldwide threat, we may create focused interventions
and strategies by comprehending the complex mechanisms of resistance and the many factors
that contribute to its development.

Microbial Resistance Mechanisms

Microorganisms can withstand exposure to antimicrobial drugs through a variety of processes
known as microbial resistance, which is a complicated and diverse phenomena. It is essential
to comprehend these systems in order to create methods that effectively counter resistance.
This section explores the physiological, biochemical, and genetic strategies used by microbes
to withstand the effects of antibiotics. [1,3,7,8,12]
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Molecular Mechanisms

Genetic alterations within microbes can result in resistance. Both horizontal gene transfer and
mutations can result in these alterations.

1.Mutations: Unintentional changes to the microbial genome might modify the structure or
function of target proteins, which lowers the antimicrobial drugs' affinity for binding. For
example, by blocking drug binding, mutations in the ribosomal RNA genes can confer
resistance to macrolide antibiotics.

2.Resistance genes from other organisms can be acquired through a process known as
horizontal gene transfer, or HGT. This can happen by conjugation (transfer by direct cell-to-
cell contact), transduction (transmission via bacteriophages), or transformation (uptake of
free DNA). Multiple resistance genes are frequently carried via plasmids, transposons, and
integrons, which speeds up the spread of resistance among bacterial populations.

Biochemical Processes

Different biochemical techniques can be used by microorganisms to neutralise or eliminate
antimicrobial agents.

1.Enzyme development: One typical resistance mechanism is the development of enzymes
that break down or alter antibiotics. For example, beta-lactamases hydrolyze the beta-lactam
ring of cephalosporins and penicillins, making them inactive. Treatment choices are
complicated by the fact that extended-spectrum beta-lactamases (ESBLS) can break down a
wider variety of beta-lactams.

2.Target Modification: Drug binding and effect can be inhibited by changing an antibiotic's
target. Penicillin-binding proteins (PBPs) are altered by methicillin-resistant Staphylococcus
aureus (MRSA) in order to withstand beta-lactam drugs. Quinolone resistance is also
conferred by changes in the DNA gyrase or topoisomerase IV enzymes.

3.Efflux Pumps: Efflux pumps lower intracellular medication concentrations by vigorously
expelling antibiotics from the microbial cell. The broad or restricted substrate specificity of
these pumps can lead to multi-drug resistance. For example, tetracyclines, fluoroquinolones,
and chloramphenicol are among the antibiotics that Escherichia coli's AcrAB-TolC efflux
pump is capable of expelling.

Physiological Processes

Under certain circumstances, certain physiological characteristics allow microbes to
withstand exposure to antibiotics.

1.The formation of biofilms is characterised by the organisation of microbial communities
within a self-produced extracellular matrix. Because of their changed milieu, inactive cells,
and decreased drug penetration, biofilm-associated cells show greater resistance to
antibiotics. When it comes to persistent infections and illnesses brought on by medical
devices, biofilms are a major worry.
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2.Dormancy: A subpopulation of bacteria known as persister or dormant cells enters a non-
replicative state that enables them to withstand antibiotic treatment. These cells have the
ability to proliferate again and replenish the infection location once the antibiotic pressure is
released. Chronic infections are more resistant because of persister cells.

New Mechanisms

New resistance mechanisms, such as the synthesis of unique enzymes and the formation of
alternate metabolic pathways, have been discovered by recent study. Being aware of these
new mechanisms is crucial to avoiding becoming vulnerable to ever-changing microbial
dangers.

To summarise, the mechanisms of microbial resistance are multifaceted and intricate,
encompassing genetic modifications, biochemical defences, and physiological adaptations.
The interaction of these pathways emphasises how difficult it is to tackle antibiotic resistance
and how novel methods to medication development and treatment plans are required.

Factors Influencing Microbiological Resistance

A wide range of interrelated factors spanning the areas of environmental, animal, and human
health have an impact on the emergence of antimicrobial resistance (AMR). These elements
impede the treatment of illnesses and pose a serious risk to public health by aiding in the
development and spread of resistant microbes. [1, 2, 7, 8, 10]

Utilising and Abusing Antibiotics

The overuse and abuse of antibiotics in human medicine is one of the main causes of
antimicrobial resistance (AMR). Antibiotics are frequently administered unnecessary for viral
diseases that they cannot treat, like the common cold and influenza. Furthermore, individuals
may neglect to finish the entire course of antibiotics recommended to them, which permits
the growth and survival of partially resistant bacteria. The issue is made worse by
inappropriate prescribing practices that are motivated by patient demand, unclear diagnoses,
and a disregard for clinical recommendations.

Farming Methods

The reservoir of resistant bacteria is mostly fueled by the widespread use of antibiotics in
agriculture. Livestock commonly get antibiotics for growth enhancement, disease prevention,
and treatment. In addition to favouring resistant germs in animals, this approach makes it
easier for those bacteria to spread to people through the food chain, close contact, and
environmental channels. The environmental burden of antibiotic resistance is further
increased by the use of antibiotics in crop agriculture and aquaculture.

Healthcare and Hospital Environments

Hotspots for the development and dissemination of resistant diseases are found in healthcare
settings. The spread of resistant strains is facilitated by a number of factors, including
excessive use of antibiotics, invasive operations, immunocompromised patients, and
insufficient infection control measures. Methicillin-resistant Staphylococcus aureus (MRSA)
and multidrug-resistant Gram-negative bacteria are two examples of resistant organisms that
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cause healthcare-associated infections (HAIs) that provide serious problems to hospital
management and patient care.

Environmental Elements

The development and spread of antibiotic resistance are significantly influenced by
environmental factors. Agricultural runoff, inappropriate prescription disposal, and waste
from pharmaceutical manufacturing are just a few of the ways that antibiotics and resistant
bacteria can find their way into the environment. Soils and water bodies are examples of
environmental reservoirs that might act as breeding grounds for resistant bacteria. Antibiotics
can place microbial communities under selective pressure, which encourages the
development of resistance genes.

International Trade and Travel

The rapid cross-border transmission of resistant bacteria is facilitated by the globalisation of
travel and trade. Travelling abroad can result in the importation of resistant infections, and
international food trade can spread genes and bacteria that confer resistance. The necessity
for concerted worldwide efforts to track and stop the development of AMR is highlighted by
this interconnection.

Socioeconomic Elements

Antimicrobial resistance can spread more quickly in situations when socioeconomic
disadvantages including poverty, lack of access to healthcare, and poor sanitation are present.
The implementation of effective antibiotic stewardship programmes and infection control
measures can be hampered in low- and middle-income countries due to limited resources and
infrastructure. Furthermore, antibiotics that are subpar and counterfeit, which are more
common in these areas, can aid in the emergence of resistance.

Human Conduct

The use of leftover or shared antibiotics, self-medication, and disregard for recommended
treatment plans are just a few examples of how human behaviour plays a major role in the
emergence of resistance. Promoting responsible antibiotic use and halting the spread of
resistant diseases require public awareness and education on the risks of AMR and the proper
use of antibiotics.

In conclusion, a variety of intricate interactions affecting the environmental, animal, and
human health domains are responsible for the escalation of antimicrobial resistance. To tackle
these variables, a thorough and well-coordinated strategy is needed, one that emphasises
worldwide cooperation, infection control best practices, surveillance, and the appropriate use
of antibiotics. We can better safeguard public health and guarantee the ongoing effectiveness
of antimicrobial treatments by comprehending and reducing the elements that contribute to
antimicrobial resistance (AMR).

The effects of antibiotic resistance

Antimicrobial resistance (AMR) has a wide range of effects on the world's healthcare
systems, clinical results, and economic stability. The clinical and financial ramifications of
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AMR are examined in this part, emphasising the pressing need for workable solutions to deal
with this expanding menace. [8-12]

Clinical Results

Because infections brought on by resistant microbes are more challenging to cure,
antimicrobial resistance (AMR) raises morbidity and mortality rates. Longer hospital stays
and more extensive care are frequently necessary for patients with resistant infections, which
can result in complications and worse health outcomes. For example, compared to
methicillin-susceptible strains, infections caused by methicillin-resistant Staphylococcus
aureus (MRSA) have been linked to higher fatality rates.

Additionally, the possibilities for treatment are restricted by resistant illnesses. Clinicians are
forced to use second- or third-line antibiotics when first-line options are ineffective. These
therapies may be more costly, more hazardous, or less effective. This may raise the chance of
problems and prolong the time it takes for infections to clear up. For instance, infections
caused by carbapenem-resistant Enterobacteriaceae (CRE) are frequently resistant to several
medicines, providing limited therapeutic options and a high fatality rate.

Hospitals, long-term care homes, and community settings are among the healthcare settings
where resistant infections are prevalent. Resistant pathogen-induced healthcare-associated
ilinesses (HAIS) pose a special concern since they can produce difficult-to-control epidemics.
Healthcare facilities face difficulties in managing infections like Clostridioides difficile,
which is frequently linked to antibiotic use and can cause serious gastrointestinal sickness.

Financial Burden

AMR has a large financial impact on society at large as well as healthcare systems. The need
for more costly and time-consuming therapies, more diagnostic tests, and longer hospital
stays are some of the higher expenses related to treating resistant illnesses. These elements
add up to a significant financial strain on healthcare systems.

For example, one American study found that the yearly increase in direct healthcare expenses
due to antibiotic-resistant diseases is over $20 billion. Furthermore, the prolonged illness and
absenteeism caused by these diseases result in productivity losses of up to $35 billion. In low-
and middle-income nations, where resources are few and the expense of treating resistant
illnesses can put further strain on already overburdened healthcare systems, the financial
burden is even more apparent.

Beyond the immediate costs of medical care, AMR has societal implications. The long-term
health implications of resistant diseases and illness-related productivity loss can have
significant economic repercussions. For instance, those who survive resistant diseases could
develop long-term health problems that limit their capacity to work and support the economy.
This decrease in production may compound the financial burden of antimicrobial resistance
(AMR) by having a domino effect on families and communities.

Effects on Medical Procedures

The development of AMR has significant effects on healthcare delivery and practices. To
stop the spread of resistant diseases, strict infection control procedures and antibiotic
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stewardship initiatives must be put in place. These measures include stricter monitoring of
antibiotic use, isolation of infected patients, and improved cleanliness routines. But
maintaining these protections can be difficult and resource-intensive, especially in
environments with limited resources.

The possibility of resistance must be carefully considered by healthcare professionals when
choosing antibiotic therapies, which has an impact on clinical decision-making as well. The
results of susceptibility testing may require modifications to empirical therapy, which could
complicate the process and postpone the start of successful treatment. Furthermore, overusing
broad-spectrum antibiotics due to concern of resistance can feed the cycle of resistance even
more.

Public Health Effects

AMR has significant effects on community and individual health outcomes, as well as public
health. It may be harder to contain outbreaks and safeguard vulnerable groups when resistant
illnesses contribute to the spread of resistant diseases within communities. For example,
resistant tuberculosis is a major public health concern that necessitates more involved and
prolonged treatment regimens that are both more expensive and less effective.

The efficacy of medical practices that depend on antibiotics to prevent infections is also
threatened by antimicrobial resistance. When antibiotics are unable to prevent or treat
infections, surgical procedures, cancer treatments, organ transplants, and other medical
procedures become more dangerous. This may ultimately have an effect on patient outcomes
and the standard of treatment by increasing the likelihood of complications and decreasing
the likelihood of success for these procedures.

In summary

Antimicrobial resistance has far-reaching effects on public health, healthcare practices,
economic stability, and therapeutic outcomes. Higher rates of morbidity and mortality, more
healthcare expenses, and substantial social costs are the outcomes of resistant infections.
Developing new antimicrobial drugs through research and development, strengthening
infection control protocols, and promoting antibiotic stewardship are all necessary
components of a coordinated strategy to address these issues. Gaining insight into the
complex implications of antimicrobial resistance (AMR) will help us plan and execute more
effective measures to lessen its impact and safeguard world health.

Mitigation Strategies

The creation of new antibiotics, the execution of antibiotic stewardship programmes, the
improvement of infection control measures, and the investigation of alternative medicines are
all necessary components of a comprehensive strategy to combat antimicrobial resistance
(AMR). These crucial AMR mitigation tactics are explained in more detail in this section.
[2,3,4,9,10,11,12]

Creation of Novel Antibiotics

The creation of novel antibiotics is essential to combating the growing threat posed by
bacteria that have developed resistance. The pharmaceutical business encounters several
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obstacles in its efforts to introduce novel antibiotics to the market, such as exorbitant
expenses for research and development, regulatory barriers, and restricted financial rewards.
Nonetheless, a number of cutting-edge tactics are being investigated to address these issues.

1. New Drug Development: Because of their potential as antimicrobial agents, scientists are
investigating novel compounds as well as natural items. To find possible antibiotic
candidates, genetics, bioinformatics, and high-throughput screening are being used.
Furthermore, research is being done to find new antimicrobial chemicals from understudied
sources, such as harsh ecosystems and marine environments.

2. Modification of Current Medications: Another possible strategy is to modify currently
available antibiotics to increase their effectiveness and get around resistance mechanisms.
Among other things, this involves creating beta-lactamase inhibitors to make beta-lactam
antibiotics more effective against microorganisms that have developed resistance. Research is
also being done on combination treatments, which combine antibiotics with adjuvants that
block resistance pathways.

Programmes for Antibiotic Stewardship

Programmes for antibiotic stewardship seek to maximise the use of antibiotics in the fight
against antibiotic resistance while guaranteeing efficient illness treatment. These initiatives
consist of a series of well-coordinated steps intended to encourage the responsible use of
antibiotics.

1. Rational Use of Antibiotics: Protocols and guidelines are set up to make sure that the right
antibiotic is chosen, along with the right dose and duration, and that it is only provided when
absolutely necessary. Making knowledgeable decisions about therapy might be aided by
diagnostic instruments and quick susceptibility testing.

2. Education and Awareness: It is crucial to teach healthcare personnel the fundamentals of
antibiotic stewardship. Campaigns to raise public knowledge can also aid in lowering the
demand for antibiotics and encouraging patients to use them responsibly.

Measures for Infection Control

In hospitals and the community, effective infection control strategies are essential to stopping
the spread of resistant illnesses.

1. Hospital Sanitization Procedures: Strict infection control procedures, such as wearing
personal protective equipment, washing your hands frequently, and maintaining a clean
environment, are essential for preventing infections linked to healthcare. Reducing
transmission can also be achieved by implementing isolation practices for patients who have
resistant infections.

2. Vaccination Programmes: By lowering the risk of bacterial infections, vaccinations can
lessen the demand for antibiotics. Immunisations against organisms like Haemophilus
influenzae and Streptococcus pneumoniae have proven beneficial in lowering the incidence
of respiratory infections and the need for antibiotics.

Alternative Medical Interventions
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Investigating substitute treatments for conventional antibiotics can offer more weapons
against resistant diseases.

1. Phage therapy: A viable substitute for antibiotics are viruses called bacteriophages, which
infect and kill bacteria. Targeting particular bacterial strains with phage therapy lowers the
possibility of side effects and the emergence of resistance. The effectiveness and safety of
phage therapy must be established through clinical trials and regulatory systems.

2. Probiotics and Prebiotics: Using probiotics, which are good bacteria, and prebiotics, which
are substances that encourage the growth of good bacteria, can help keep the microbiome
healthy and ward off illnesses. These treatments may be especially helpful in lowering
diarrhoea brought on by antibiotics and avoiding gastrointestinal infections.

3. Immune Modulators: Immune modulators can lessen the need for antibiotics by boosting
the host immune system's response to infections. The possibility of immunotherapy, which
includes cytokines and monoclonal antibodies, to treat bacterial infections and overcome
resistance is being studied.

International Programmes and Regulations
Work of the World Health Organisation (WHO)

In the global battle against antimicrobial resistance (AMR), the World Health Organisation
(WHO) is crucial. Five strategic goals are outlined in the Global Action Plan on
Antimicrobial Resistance, which was accepted by the WHO in 2015.

1. Increase Public Knowledge and Awareness of AMR: This goal aims to increase public,
healthcare professional, and policymaker knowledge of AMR. The WHO backs public health
campaigns, training courses, and educational campaigns to raise awareness of AMR and
encourage prudent use of antibiotics.

2. Expand Knowledge via Research and Surveillance: To track the growth of resistance and
spot new dangers, efficient surveillance systems are essential. Standardised surveillance
frameworks are developed and implemented by the WHO in partnership with member
nations. Priority should also be given to research on novel solutions, transmission dynamics,
and resistance mechanisms.

3. Decrease the Incidence of Infection: By preventing infections through better vaccination,
sanitation, hygiene, and infection control methods, the requirement for antibiotics can be
decreased. In communities and clinical settings, the WHO advocates for comprehensive
infection prevention and control programmes.

4. Make the Best Use of Antimicrobial Medicines: To ensure the prudent use of antibiotics,
antibiotic stewardship initiatives are crucial. In order to assist nations in putting into place
stewardship initiatives that encourage proper prescribing practices and lessen the abuse and
overuse of antibiotics, the WHO offers technical assistance and guidance.

5. Create the Economic Case for Sustainable Investment: Research, innovation, and
infrastructure in the healthcare sector must be continuously invested in to combat AMR. In
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order to raise funds and promote laws that encourage long-term investments in AMR
programmes, the WHO collaborates with national and international organisations.

The National Action Plans

In order to address AMR, numerous nations have created national action plans that
complement the Global Action Plan of the WHO. These plans address important topics
including public awareness, infection prevention, stewardship, surveillance, and addressing
specific strategies and targets that are adapted to the local situation. Successful national
efforts include, for example:

1. United Kingdom: The UK has put in place extensive antimicrobial resistance (AMR)
initiatives that prioritise bolstering infection prevention and control, investing in research and
development, and increasing antibiotic stewardship. The goal of the UK's Five-Year
Antimicrobial Resistance Strategy is to delay the emergence of resistance and lessen the need
for antibiotics [1].

2. USA: Targets for improving surveillance, fortifying antibiotic stewardship, and quickening
the discovery of novel treatments are outlined in the USA National Action Plan for
Combating Antibiotic-Resistant Bacteria. The strategy integrates human, animal, and
environmental health tactics and highlights the significance of a One Health approach [2].

3. India: The country's National Action Plan on Antimicrobial Resistance (AMR) aims to
enhance public knowledge and education, bolster research and surveillance, lower infection
rates through good sanitation and hygiene, and encourage the prudent use of antibiotics for
both human and animal health. [3].

Cooperative Global Initiatives

Addressing the global character of AMR requires international cooperation. [1,11-15] A
number of projects support international collaboration and knowledge exchange:

1. Global Antimicrobial Resistance Surveillance System (GLASS): Established by the World
Health Organisation, GLASS offers a standardised method for gathering, evaluating, and
disseminating AMR data. Policy decisions are informed and opposition tendencies are
tracked by this worldwide surveillance network.

2. Tripartite Collaboration: To combat AMR using a One Health strategy, the World Health
Organisation (WHOQO) works in tandem with the Food and Agriculture Organisation (FAO)
and the World Organisation for Animal Health (OIE). This partnership encourages integrated
solutions while acknowledging the connections between the health of people, animals, and
the environment.

3. Interagency Coordination Group (IACG) on AMR: Founded by the UN, the IACG brings
together specialists and international organisations to offer direction and suggestions for
international AMR activity. In order to address the danger of antimicrobial resistance, this
organisation strives to coordinate activities across industries and geographical areas.

The G7 and G20 groups of major economies have emphasised the importance of
antimicrobial resistance (AMR) and have pledged to work together to improve global
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surveillance, advance antibiotic stewardship, and advance research. These global conferences
offer a venue for resource mobilisation and coordinated action.

5. The Fleming Fund: Supported by the UK government, the Fleming Fund helps low- and
middle-income nations create national action plans to tackle antimicrobial resistance (AMR),
improve surveillance systems, and expand laboratory capacity. Through the use of
sustainable development, this programme seeks to reduce AMR and enhance global health
security.

Obstacles and Prospects for the Future

Despite tremendous advancements in the fight against AMR, a number of obstacles still need
to be overcome. Maintaining and strengthening the fight against antimicrobial resistance
requires addressing these issues.

Technological and Scientific Difficulties

Numerous scientific and technological obstacles stand in the way of the development of
novel antibiotics and complementary medicines. It takes a lot of work and money to find new
antibacterial chemicals and make sure they are safe and effective. Additionally, ongoing
innovation in drug development and diagnostic technology is required due to the rapid
evolution of resistance mechanisms.

Regulatory and Policy Difficulties

Strong regulatory frameworks and political commitment are necessary for the implementation
of effective AMR strategies. In numerous areas, regulatory frameworks must be reinforced to
guarantee the appropriate administration of antibiotics and the implementation of stewardship
initiatives. Furthermore, international cooperation is required to handle the transnational
aspect of AMR, which entails harmonising laws and policies between nations.

Future Paths for Research

To better successfully resist AMR, future research should concentrate on the following
important areas:

1. processes of Resistance: Further investigation into the molecular processes of resistance
will shed light on the ways in which microbes sidestep antibiotics. The creation of novel
medications and treatment approaches may benefit from this knowledge.

2. Rapid Diagnostics: Accurately and promptly diagnosing resistant illnesses depends on the
development of rapid diagnostic technologies. By using these methods, the inappropriate use
of broad-spectrum antibiotics can be decreased and proper treatment decisions can be guided.

3. Alternative Therapies: Researching non-traditional treatments for resistant infections, such
as probiotics, immune modulators, and bacteriophages, presents encouraging opportunities.
Comprehending the mechanisms of action and refining these treatments for clinical use ought
to be the main goals of research.
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4. Infection Prevention: Reducing the spread of resistant bacteria can be achieved by
improving infection prevention and control strategies in healthcare settings and the
community. The best methods for preventing infections and encouraging hygienic habits
should be studied.

5. Global Surveillance: To track resistance patterns and spot new dangers, it's imperative to
bolster global surveillance networks. To assist in the making of evidence-based policy
decisions, research should work to enhance data collection, analysis, and dissemination.

In summary

Antimicrobial resistance is a complicated issue with many facets that calls for an all-
encompassing strategy. Effective methods to limit the effects of antimicrobial resistance
(AMR) can be developed by addressing the scientific, technical, policy, and regulatory
problems, as well as concentrating on future research paths. Maintaining the efficacy of
antimicrobial treatments and preserving global health need continued investment in research
and innovation as well as cooperative efforts at the national and international levels.
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