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A B S T R A C T  

The growing antimicrobial resistance (AMR) is a serious threat to public health, with far-

reaching effects for both individuals and healthcare systems. This review provides 

comprehensive overview of molecular and ecological forces that drive it, critically examines 

the past and present strategies to contain its spread, antibiotic resistance, looking at the 

biological, environmental, and social elements that lead to this global challenge. 

Understanding the main causes and acquiring effective interventions are key steps to 

resolve this critically worldwide concern. Constant and ground-breaking efforts, such as the 

discovery of new antimicrobial agents such as stewardship programs, one health 

approach, and global cooperation are required to restrict the spread of resistant pathogens. 

These initiatives are important to formulate effective strategies for future challenges posed 

by antimicrobial resistance. This review also looks at current solutions for combating the 

epidemic, including as increased surveillance, ethical prescribing practices, and public 

health campaigns targeted at lowering the incidence of resistant strains. Recognizing that 

no single solution is sufficient, we assess integrative frameworks that combine research 

and development (R&D) incentives, redesign of clinical-trial, antimicrobial stewardship, and 

revitalization of traditional medicine. Finally, we outline policy for control of AMR, global 

surveillance networks, pandemic style coordination to remove the implementation gap 

especially in disaster effected regions.  
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I n t r o d u c t i o n  

Despite ongoing research, there are still knowledge gaps in 

AMR. More research is needed on the economics and 

environmental impact of potential AMR solutions. A collective 

"One Health" approach is also important. This means studying 

AMR across various sectors to understand how resistance 

spreads.1 Collaboration between researchers and industry is 

crucial to translate research findings into practical applications. 

Finally, public education is essential to raise awareness about 

AMR and encourage responsible antibiotic use. By addressing 

these areas, researchers can develop better tools and 

strategies to combat the growing threat of AMR. 2 

P r e v i o us  p r ev e n t i on  and  co n t ro l  s t ra t eg ie s  
a g a i n s t  AM R  

Stakeholders consider AMR important globally. In 2011, WHO 

themed to fight against AMR. This was considered a significant 

effort to decoy consideration and highlighted the need for 

combined efforts. The WHO recommended methods include 

non-governmental organizations, and improved alliances 

among governments, international agencies, and professional 

groups. It includes national strategies such as committees 

formulating AMR policy, guiding standards, training, regulations, 

and awareness on the use of antibiotics.3 The development of 

indicators for evaluating and managing AMR is prioritized 

nationally.4 

A n t i b i o t i c  S te wa r ds h i p  P r o g r am s  ( A S P )  

ASPs are oriented towards improvement in antibiotic use. The 

feasibility of the hospitals can apply these. The success of such 

programs depends on leadership, educating tendencies, 

improvement strategies, and monitoring of antibiotic 
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prescriptions. The hospitals must adopt ASPs. Many resources 

are designed to help hospitals start and expand ASPs.5 

 
V a cc i na t i o n  a s  a  p r ev en t i v e  m ea s ur e  

Approaches to lessen the resistance include increased use of 

prophylactic antimicrobials, reduction of all antimicrobial 

classes, reduced colonization, antibiotic rotation, and use of 

varying antimicrobials.6 Antibiotics and vaccines have played a 

crucial role in our capacity to succeed in bacterial infections, 

which has permitted the development of medical science. To 

expand vaccine implementation, it is important to arrange 

coordinated investment. Through such an approach, AMR can 

be controlled with proper policy measures and new 

technologies.7 

S u r v e i l l a n c e  p ro g r ams  a n d  d a ta  co l l ec t i o n  

AMR surveillance provides data for treatment regulations, 

antibiotic formulation, and public health measures. However, 

most data lacks epidemiological studies, clinical information, 

and genetic typing. Laboratory-based surveillance is ineffective 

for early warning of emerging infections and resistance 

mechanisms.8 The CAPTURA initiative aims to increase AMR 

and antibiotic usage data in Asia by collecting facility data and 

project metadata, focusing on data sources and quality 

analysis.9 Since 2000, the pharmaceutical sector has generated 

the majority of primary antibiotic resistance surveillance data in 

low- to middle-income countries.10 Data from labs, hospitals, 

and pharmacies must be efficiently connected to other sectors 

data by One Health ideologies. A long way exists for nations to 

create maintainable and actual AMR surveillance systems.11 

The lack of comprehensive antibiotic resistance surveillance 

data, particularly in low and middle-income nations, is hindered 

by inadequate laboratory capacities, poor health system 

governance, and funding, limiting the usefulness of available 

statistics for health policymakers.12 The National Antimicrobial 

Resistance Monitoring System (NARMS) was formed to aid 

analyze the risks to human health associated with the usage of 

antimicrobial medicines in food animal production in the United 

States.13 Resistance Map do not gather prime data, but it does 

provide key to a global data set that may be used to inform 

policymakers, the public, the media, and other interested 

parties about trends in AMR and antibiotic use.11 Merck Sharp 

& Dohme and Pfizer launched SMART and ATLAS surveillance 

programs in 2002, respectively. Early warning systems at 

ECDC and WHO are still in their early stages.14 Generally, 

complete healthcare system strengthening is necessary to 

effectively implement the NAP, address persistent improper 

antibiotic usage, and reduce Pakistan's high AMR rates.16 

P u b l i c  a wa re n es s  a nd  e d u c a t i o na l  
i n i t i a t i v es  

In response to the known risk of increasing AMR, numerous 

organizations and institutions have established and conducted 

events and activities aiming to increase awareness of the issue 

and modify the behavior of the targeted audience.17 Antibiotics 

are a significant health concern, prompting initiatives like the 

Antibiotic Guardian campaign to raise awareness and 

encourage targeted actions to combat AMR.18 One of the goals 

of GAP-AMR is to combat AMR to raise global awareness 

through effective education and communication.19 The WHO 

has significantly increased awareness of antibiotic resistance, 

promoting government and community initiatives, and utilizing 

online resources to educate the public on responsible 

antimicrobial use and strategies.21 Effective healthcare 

communication requires culturally appropriate, clear leadership, 

influencers, and multi-stakeholder approaches, focusing on 

culturally appropriate, tailored, and audience-preference-

specific messaging to boost community knowledge.22  

I n t e rn a t i on a l  a nd  na t i on a l  p o l i c i es  
a d d re ss in g  AM R  

The WHO Regional Office for South-East Asia is evaluating 

national situations to develop coordinated actions against 

antibiotic resistance, focusing on understanding participants' 

perspectives, values, interests, and aims through policy framing 

analysis.23 Over the past two decades, global efforts to combat 

AMR have increased, leading to the GAP-AMR mandate in 

2015, mandating nations to establish National Action Plans 

(NAPs). However, progress has fluctuated.24 The 2015 GAP-

AMR emphasized the UN's 'whole of United Nations' approach 

to antibiotic resistance. This article assesses the current 

position and activities of 78 international organizations and 

stakeholders in AMR, finding 21 have AMR-specific operations, 

but limited engagement, and 36 have AMR-sensitive activities.25 

A database of past and existing policies connected to AMR can 

help improve effective policies based on problems already 

discovered in other nations and their policy responses.26 

Antibiotic resistance (AMR) is a global health concern, 

prompting UN multilateral organizations to promote antibiotic 

stewardship. South American countries revise cattle farming 

laws, implement advertising and reward rules.27 The lack of a 

national antimicrobial policy, a poor regulatory environment, 

and noncompliance with practice guidelines may have resulted 

in expanded and uncontrolled access to antimicrobial agents in 

African countries, accelerating the emergence and spread of 

AMR.28 Effective governance, partnerships, and evaluation 

methods are crucial for the long-term future of antibiotic use. 

These policies should focus on access strategies, antibiotic 

performance, sustainable decision-making, and optimal 
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therapeutic strategies.29A global effort is required to address 

these difficulties, assure long-term reforms, and maintain 

antibiotic efficacy against infectious illnesses.31  

W HO  G lo b a l  Ac t i o n  P l an  o n  A M R  
 

However, AMR is a global threat; it hits poorer nations the 

hardest, where limited access to quality healthcare leaves many 

vulnerable.32 The WHO estimates that 75% of people worldwide 

are impacted by AMR. Since AMR crosses national borders and 

can spread seamlessly across borders, international 

cooperation is essential for effectively addressing this issue.33 

Given rising concerns about AMR and its effects, WHO, along 

with the Food and Agriculture Organization (FAO) and the 

World Organization for Animal Health 34, established GAP-AMR 

at the May 2015 World Health Assembly. Moreover, the heads 

of state at the UN General Assembly made a statement on 

AMR on September 21, 2016, which strengthened the GAP.35 

This plan, aiming for universal access to effective and safe 

antimicrobials, had five key goals: 1) raise awareness and 

understanding on the dangers of AMR and how to prevent it, 2) 

to improve understanding through investigation and monitoring, 

3) promote hygiene, sanitation, and vaccination to reduce 

infections requiring antibiotics 4) optimize antibiotic use in 

humans and animals, 5) invest in research, development, and 

access to new antibiotics and alternatives. 32 

Na t i on a l  A M R s t r a t eg ies  

Nations are developing national action plans for Antimicrobial 

Resistance (AMR) prevention, control, and surveillance, 

implementing measures like antibiotic stewardship, 

surveillance, patient awareness, infection prevention, and 

research development.16 Engaging stakeholders, utilizing 

evidence-based approaches, cross-sector collaboration, and 

political commitment are crucial for effective plans to address 

AMR and antimicrobial consumption, ensuring long-term 

political support.36 

C u r r e n t  r e s e a r c h  t r e n d s  i n  A M R  

Due to the growing global threat of AMR, researchers are 

actively seeking new techniques for treatment and diagnosis. 

Sophisticated spectroscopic techniques such  as nuclear 

magnetic resonance (NMR), infrared (IR), fluorescence 

spectroscopy (FS), Raman spectroscopy (RS), mass 

spectrometry 38, and infrared spectroscopy (IR) have 

demonstrated encouraging outcomes. Techniques improve 

patient outcomes by quickly and accurately diagnosing 

antibiotic resistance in bacteria, delaying the onset of the 

disease compared to conventional methods.37 Nano biochar 

(NBC), a carbon-based nanomaterial with potential for soil and 

water pathogen elimination and antibacterial properties, 

requires long-term safety assessment before widespread use.39 

Some of the advanced techniques used for detecting antibiotic 

resistance. 

A d v an ce m en ts  i n  Rap i d  D i a gn os t i c  To o l s  

Recent advances in rapid diagnostic tools have amplified early 

detection of antibiotic-resistant microorganisms significantly. 

Methods like mass spectrometry, PCR-based tests, and next-

generation sequencing (NGS) allow for detection of resistant 

genes and organisms in a matter of hours. Instead of relying on 

traditional antibiotics, researchers are now figuring out new 

directions from genomics to immune-based therapies. 

Scientists are potentially discovering and developing new 

Table I:  Key Factors involved in the prevention and control of AMR. 

Strategy Description 

Targeted antimicrobial 
use 

Healthcare authorities must be at the forefront to fight against this by prescribing antibiotics 
judiciously and only when truly demanded, after confirming the bacterial strain and its specific 
vulnerabilities 7. 

Optimizing antimicrobial 
therapies by educating 
health professionals 

Initiatives should be taken aiming to educate medical personnel on appropriate antibiotic 
administration through the implementation of policies and procedures, while simultaneously 
monitoring trends in antibiotic resistance and usage 41. 

Preventive segregation 
for infection control 

This could include quarantining the infected individuals or adopting precautionary measures such as 
hand cleanliness and protocols to curb the spread of infection 42. 

Promoting vaccination 
Vaccination significantly reduces the spread of vaccine-preventable disease leading to decreased 
reliance on antibiotics and improved public health outcomes 43. 

Developing novel 
antimicrobial agents 

Finding new drugs is an important strategy. To maintain drugs' efficacy, it's crucial to utilize them 
appropriately44. 

Improve Drug Quality 
Improper storage of antibiotics in hot and humid conditions can degrade them, making them less 
effective. This under-dosing due to degradation contributes to treatment failure and fuels antibiotic 
resistance in bacteria 7. 

Professional and 
licensed Drug 
Dispensing 

In many developing countries, easy access to antibiotics is a problem. People can buy them on the 
streets from untrained vendors or unlicensed pharmacies, often without a prescription and at lower 
prices. This raises concerns about the quality of these medications and the potential for misuse 45. 
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antibiotics, designing antimicrobial peptides (AMPs), exploring 

resistance through genomics and advanced tools such as 

Whole Genome Sequencing (WGS), Metagenomics, CRISPR-

Cas technology and Host-directed therapies (HDTs) etc.  

Discovering new antibiotics is top priority of scientists in AMR 

research and they are investigating unique environments like 

deep oceans, soil microbes and even insect microbiome to 

discover new antibiotic and at the same time they are using 

artificial intelligence along with bioinformatics tools to predict 

effective compounds. Antimicrobial peptides is another way to 

kill resistant microorganisms. Modern genomic tools have 

transformed the method to study resistance in bacteria and 

other microorganisms. WGS provides information about 

resistant genes, track outbreaks, and response to treatment. 

Several pipelines are already established like variant calling 

GATK pipeline. 40  

F u t u re  pe r sp ec t i v e  a nd  c ha l l e ng e s  

Preventive strategies 

Adopting an interdisciplinary strategy that highlights the 

complex and interconnected nature of the contributing elements 

is crucial for addressing AMR. Several tactics can be used to 

stop AMR (Table 1). Antimicrobial resistance (AMR) has slowed 

despite years of efforts, with antibiotic susceptibility tests being 

limited due to cost and time constraints, causing healthcare 

professionals to rely on broad-spectrum antibiotics.45 Animals 

receive significantly more antibiotics than humans, not just for 

treatment but also for prevention and growth promotion.47 

Ne w T r e a tm en t  S t ra te g ie s  Wh i l e  Cu rb i ng  

O ve r us e  

New treatment strategies for AMR focus on effectiveness and 

avoiding antibiotic misuse, including combination therapies, 

bacteriophages, antimicrobial peptides, CRISPR-mediated 

gene editing, rotational administration, de-escalation strategies, 

probiotics, and immunotherapies. 

P r o m o t i n g  a l t e r n a t i v e  t h e r a p i e s  t o  c o n t r o l  A M R  

In the future, medical research and therapies will concentrate 

on finding alternatives to antibiotics that can control microbial 

virulence and growth inhibition. Currently, a few more 

alternative strategies are being studied and developed at 

various stages, including the use of probiotics, quorum sensing 

inhibitors, and bacteriophages.45 Alternative therapies can 

entirely replace antibiotics. Research and development serve 

as the backbone of alternative therapies and it identifies novel 

antimicrobial compounds from natural products, peptides, 

microbial metabolites, antimicrobial polymers and immune-

modulating agents. In silico modeling, omics technologies 

(genomics, proteomics, and metabolomics) and high throughput 

screening platforms are strengthening discovery pipeline. 

Clinical trials must be established for safety, efficacy, dosage 

and long-term effects of above mentioned therapies. These 

trials can be on probiotic formulation, phytochemicals, 

bacteriophage cocktails, and nanoparticle- based 

antimicrobials. Traditional medicine systems such Ayurveda, 

traditional Chinese medicine, Islamic herbal medicine contain 

centuries of knowledge about natural remedies. Scientific 

validation standardization of herbal formulations and clinical 

testing are necessary to integrate them into healthcare for AMR 

management. Moreover, Probiotics and prebiotics also serve as 

strong alternative to antibiotics and some probiotics have 

shown success in reducing infection such as Clostridium 

difficile-associated diarrhea. Personalized medicine provides 

effective and smart treatment strategies on patient’s genetic 

makeup and microbiome profile. Phage therapy uses 

bacteriophages to treat multidrug resistant microorganisms. 

Several advances in genetic engineering, phage banks, and 

customized phage cocktails are available for clinical use. 

T h e  r o le  o f  s t ak eh o l de r s  i n  t he  c on t r o l  o f  

A M R  

In order to guarantee the best possible health for people, 

animals, plants, and the environment, the study highlights the 

necessity of cooperation between different stakeholders in the 

development and control of AMR. In order to preserve food 

safety, economic prosperity, public health, and ecosystem 

health, it need collaboration and an agricultural viewpoint. 

Given that AMR is a global health hazard, this strategy is 

essential. 48 

O n e He a l t h  Co nc ep t  

One Health is a holistic approach to combating Antimicrobial 

Resistance (AMR) by integrating environmental, animal, and 

human health. It promotes responsible antibiotic use across 

sectors, encourages collaborative surveillance, and encourages 

data sharing among physicians, veterinarians, ecologists, and 

policymakers to limit AMR worldwide. 

V a cc i na t i o n  s t ra t eg ie s  

Antibiotic resistance is a growing concern, prompting 

researchers to explore alternative treatments like phage 

therapy, antimicrobial peptides, and vaccines. These 

technologies improve diagnosis and reduce reliance on 

antibiotics, offering hope for the future.49  

T e ch n o l o g i ca l  i nn ova t i on s  i n  A M R 

m i t i g a t i o n  
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Technological innovations are at the forefront of to fight against 

AMR.  

 

Combating AMR requires antimicrobial stewardship, which 

includes judicious antibiotic use. Still, a one-size-fits-all strategy 

might not be the best. To determine the best practices for 

safeguarding the public's health from AMR, a wide variety of 

interventions must be put into practice and assessed.51 (Table 

2) summarizes potential evaluation opportunities for polycentric 

governance and AMR. 

Numerous reviews look into antibiotic resistance treatment 

options in wastewater treatment plants (WWTPs), such as 

adsorption, biodegradation, and filtration in tanks, wetlands, and 

other advanced processes.52 Innovative techniques like as 

CRISPR Cas9, lytic bacteriophage particles, biofilm destruction, 

efflux activity inhibition, MSW closure, and nano-antibiotics are 

being explored to tackle AMR and improve tailored therapy.53 

Re s ea r ch  a nd  d eve l op m en t  o f  n e w 

a n t i b i o t i c s  

Antibiotic resistance threatens the usefulness of current 

medications in treating illnesses. To tackle this, research and 

development of novel antibiotics are critical. Addressing budget 

gaps and high turnover rates are critical, as is working with 

universities and pharmaceutical firms on teaching programs. 

Existing educational initiatives provide a foundation, but more 

funding is needed for workshops and programs involving 

researchers and industry, and clear ownership guidelines for 

collaborative research projects.44 The steps of the development 

of new antibiotics. Researchers are exploring new antibiotics, 

targeting DapE enzyme in bacteria, identifying a lead 

compound with potential for killing bacteria, potentially leading 

to new antibiotic classes.54  Another area focuses on bacteria 

like K. pneumoniae, where scientists are working to understand 

resistance mechanisms and identify novel compounds to 

combat these difficult-to-treat infections.55 

A M R t ra ns mi ss io n  i n  f l o o d  p r on e  o r  d i s as t e r  

e f f ec t ed  a r e as :  

Disaster zones, prone to natural disasters, floods, and wars, 

face high risks of spreading antimicrobial resistant infections 

due to contamination, improper use of antibiotics, and 

unintentional selection of resistant strains, posing long-term 

health risks to local and neighboring communities. 

C o n c l u s i o n s   

Antimicrobial resistance stances a significant risk to global 

health, requiring immediate and concerted actions to reduce its 

impact. While previous and ongoing initiatives, such as 

antibiotic stewardship programs and worldwide surveillance 

networks, have made tremendous headway, the fast evolution 

of resistance pathogens need continuous innovation. The 

development of new antimicrobial agents, strengthened 

policies, increased public awareness, and international 

collaboration are all crucial to the fight against AMR. Through 

continuous efforts and a coordinated global reaction, we will be 

able to retain the effectiveness of present medicines and 

protect future generations from the growing threat of antibiotic 

resistance. 
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