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Abstract: Antimicrobial resistance (AMR) has emerged as one of the most serious global public health 

threats of the 21st century, marking the onset of a post-antibiotic era in which once-curable infections 

are becoming increasingly untreatable. This review explores the complex biological mechanisms 

underlying AMR, including interference with cell wall synthesis, inhibition of protein and nucleic acid 

synthesis, disruption of essential metabolic pathways, and damage to cytoplasmic membranes. It also 

highlights the major drivers of resistance, such as misuse and overuse of antibiotics in humans and 

animals, environmental contamination, inadequate infection control, and poor stewardship practices. 

The global burden of AMR continues to rise, with millions of deaths annually linked to resistant 

pathogens. Artificial intelligence has shown promise in enhancing diagnostics, optimizing antibiotic use, 

and accelerating drug discovery. Strategies such as infection prevention and control (IPC), vaccination, 

and antimicrobial stewardship are essential to mitigate the crisis. Looking ahead, a coordinated One 

Health approach integrating human, animal, and environmental health is crucial. Strengthened global 

surveillance, investment in novel therapeutics, and public awareness are vital to preserve the efficacy of 

antimicrobials and safeguard future generations from the devastating consequences of resistance.     
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I. INTRODUCTION 

Antimicrobial Resistance (AMR) develops when microorganisms—including bacteria, viruses, fungi, and parasites—

evolve to withstand the drugs designed to kill them. This resistance renders antibiotics and other antimicrobial 

treatments ineffective, making infections harder or even impossible to cure. The consequences are serious: infections 

spread more easily, illnesses become more severe, and the risks of long-term disability and death increase 

significantly[1].(Who g)  

The discovery of antibiotics marked a pivotal moment in 20th-century medicine, fundamentally altering the treatment 

landscape for bacterial infections. These agents continue to play a critical role in modern healthcare, preventing 

mortality in millions of patients annually(Amr).  Antimicrobial resistance is seen most of South East Asian 

Countries[2].  The World Health Organization (WHO) warns that antibiotic resistance is rapidly escalating worldwide, 

with new resistance mechanisms continuously emerging and spreading across borders[3].Globally, the burden of AMR 

continues to rise. In 2021, an estimated 4.71 million deaths were associated with bacterial AMR, with 1.14 million 

directly attributable to it[4].  

The post-antibiotic era is defined as “a time when no new antibiotics are discovered or developed, and existing 

antibiotics simultaneously become less effective since bacteria develop resistance against the active 

substances”[6](Who)  
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Timeline of discovery of major antibiotics and antibiotic resistance:

Vancomycin's Decline (1958-2002): Introduced as a powerful weapon against methicillinresistant Staphylococci, 

vancomycin's effectiveness began crumbling within 21 years. Resistance emerged first in coagulase

Staphylococci (1979), spread to Enterococcus species, and eventually compromised S. aureus through progressively 

resistant forms (VISA in 1997, VRSA in 200

Cephalosporin's Generational Battle (1964

evolved through five generations. While initially successful against ESBL

faced mounting resistance challenges.  

Tetracycline's Swift Defeat (1950-1959):

encountered Shigella resistance in less than a decade. 

Levofloxacin's Immediate Challenge (1996):

Pneumococcus strains in its very first year of use. 

Carbapenem's Breached Last Line (1980

enterobacterales, carbapenem itself succumbed 

The Critical Gap: The pharmaceutical industry's "golden age" of antibiotic discovery lasted merely two decades 

(1960-1980). Since then, innovation has stagnated dramatically, creating a widening chasm between 

resistant pathogens and our dwindling therapeutic options

antibiotic era."[7]  

Figure 1 Timeline of discovery of major antibiotics and antibiotic r

  

Mechanism Of Action Of Antimicrobial Resistance :

Microbial cells multiply and divide continuously, allowing them to reach high numbers during infection or on body 

surfaces. For this process, they must synthesize or acquire various biom

agents disrupt specific cellular processes that are vital for microbial growth and division. A deeper understanding of 

how these agents cause microbial cell death lies in identifying the essential cellular fun
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Timeline of discovery of major antibiotics and antibiotic resistance:-  

Introduced as a powerful weapon against methicillinresistant Staphylococci, 

ycin's effectiveness began crumbling within 21 years. Resistance emerged first in coagulase

Staphylococci (1979), spread to Enterococcus species, and eventually compromised S. aureus through progressively 

resistant forms (VISA in 1997, VRSA in 2002).  

Cephalosporin's Generational Battle (1964-present): Created to overcome penicillin resistance, cephalosporins 

evolved through five generations. While initially successful against ESBL-producing bacteria, each new generation 

1959):Despite showing initial promise for treating common infections, tetracycline 

encountered Shigella resistance in less than a decade.  

Levofloxacin's Immediate Challenge (1996): Remarkably, this third-generation fluoroquinolone met resistant 

Pneumococcus strains in its very first year of use.  

Carbapenem's Breached Last Line (1980-2006): Reserved as a final defense against cephalosporin

enterobacterales, carbapenem itself succumbed to resistance (CRE) within roughly 26 years.  

The pharmaceutical industry's "golden age" of antibiotic discovery lasted merely two decades 

1980). Since then, innovation has stagnated dramatically, creating a widening chasm between 

resistant pathogens and our dwindling therapeutic options—a trajectory experts fear signals an approaching "post

Timeline of discovery of major antibiotics and antibiotic resistance[8] 

Mechanism Of Action Of Antimicrobial Resistance :-  

Microbial cells multiply and divide continuously, allowing them to reach high numbers during infection or on body 

surfaces. For this process, they must synthesize or acquire various biomolecules essential for survival. Antimicrobial 

agents disrupt specific cellular processes that are vital for microbial growth and division. A deeper understanding of 

how these agents cause microbial cell death lies in identifying the essential cellular functions inhibited by the primary 
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drug–target interaction. Antimicrobial agents are generally classified according to the cellular component or system 

they affect and by their mode of action—whether they kill microorganisms (bactericidal) or inhibit their growth  

(bacteriostatic)[9].   

Antimicrobial agents exert their effects by targeting specific sites within microbial cells. Consequently, they are 

commonly classified based on their primary mechanisms of action. The well-established mechanisms include  

• interference with cell wall synthesis,   

• inhibition of protein synthesis,   

• disruption of nucleic acid synthesis, � blockage of essential metabolic pathways,  � damage to the 

cytoplasmic membrane.  

 

1. INTERFERENCE WITH CELL WALL SYNTHESIS:-  

The various targets for antimicrobial drugs, microbial cell wall synthesis has been one of the most extensively 

exploited areas for drug development. The components involved in cell wall synthesis are particularly attractive as 

antimicrobial targets because they have no equivalents in animal or human cells, ensuring a high degree of target 

selectivity.  

The most widely used antimicrobial agents that inhibit cell wall biosynthesis are the β-lactam antibiotics, which include 

penicillins, cephalosporins, carbapenems, oxapenams, and cephamycins. These β-lactam antibiotics act by binding to 

and inhibiting bacterial transpeptidases—enzymes responsible for the final cross-linking steps in peptidoglycan 

synthesis. By inhibiting these transpeptidases, β-lactams prevent the conversion of immature peptidoglycan into its 

mature, structurally stable form. Because these enzymes are the targets of penicillin and related drugs, they are 

collectively known as penicillin-binding proteins (PBPs).  

When β-lactam antibiotics interact with PBPs, they form a stable and inactive penicilloyl–enzyme complex that blocks 

the normal transpeptidation reaction. As a result, the peptidoglycan becomes weakly cross-linked, compromising the 

bacterial cell wall structure and making the growing cells highly vulnerable to lysis and death.  

  

2 INHIBITION OF PROTEIN SYNTHESIS:-  

Macrolides act by binding to the 50S ribosomal subunit, thereby disrupting the elongation of newly forming 

polypeptide chains. Aminoglycosides, on the other hand, inhibit the initiation of protein synthesis by binding to the 30S 

ribosomal subunit. Chloramphenicol targets the 50S ribosomal subunit as well, where it blocks the peptidyltransferase 

reaction, preventing peptide bond formation. Tetracyclines inhibit protein synthesis by binding to the 30S ribosomal 

subunit, which weakens the interaction between the ribosome and tRNA.  

The semi-synthetic tetracycline derivatives, known as glycylcyclines, act on the bacterial ribosome to halt translation. 

These compounds bind more tightly to the ribosome than older tetracyclines, making them resistant to displacement by 

the TetM resistance factor. Consequently, TetM cannot protect the ribosome from their inhibitory action. Additionally,  

the TetA-mediated efflux pump is ineffective against glycylcyclines, as these compounds are not recognized as 

substrates by the transporter.  

Oxazolidinones, a newer class of antibiotics, interact with the A-site of the bacterial ribosome, where they interfere 

with the proper placement of aminoacyl-tRNA, thereby preventing the initiation of protein synthesis.  

  

3 DISTRUPTION OF NUCLIC ACID SYNTHESIS:-  

1. Inhibitors of DNA Topoisomerases:  

DNA synthesis, mRNA transcription, and cell division depend on the regulation of chromosomal supercoiling, which is 

achieved through topoisomerase-catalyzed strand breakage and rejoining reactions. DNA topoisomerases are classified 

into two types—Type I and Type II—based on whether they transiently break one strand (Type I) or both strands (Type 

II) of the DNA molecule. These enzymes are essential for maintaining the proper topological structure of DNA and 

play a crucial role in key cellular processes such as protein translation and DNA replication.  
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DNA gyrase, a Type II DNA topoisomerase, introduces negative supercoils into DNA in an ATPdependent manner. It 

also participates in catenation and decatenation of double-stranded DNA circles, resolves DNA knots, and relaxes 

negatively supercoiled DNA when ATP is absent. Because of its central role in replication, recombination, and 

transcription, DNA gyrase is indispensable for bacterial survival. Importantly, this enzyme is found exclusively in 

prokaryotes, making it an ideal and highly specific target for antibacterial drug development.  

2.Inhibitors of Microbial RNA Synthesis:  

Rifamycins inhibit DNA-dependent RNA transcription by binding with high affinity to the βsubunit of the RNA 

polymerase enzyme. This subunit lies within the RNA polymerase–DNA complex channel through which the newly 

formed RNA strand exits. Rifamycins act during the early stages of transcription, preventing RNA chain initiation after 

the addition of only a few ribonucleotides by sterically blocking nascent RNA formation. They do not inhibit the 

elongation phase of RNA synthesis, although newer classes of RNA polymerase inhibitors have been found to interfere 

with elongation through allosteric modification of the enzyme.[7]  

 

4. BLOCKAGE OF ESSENTIAL METABOLISM PATHWAY:-  

Trimethoprim and sulfonamides disrupt folic acid metabolism in microbial cells by competitively blocking the 

formation of tetrahydrofolate, a vital cofactor required for the synthesis of DNA, RNA, and cell wall proteins. Since 

bacteria and many protozoa cannot absorb preformed folic acid from their surroundings, they must synthesize it 

internally.  

Sulfonamides act by competing with para-aminobenzoic acid (PABA) for the enzyme pteridine syntheses, thereby 

preventing the production of dihydrofolic acid. Trimethoprim, meanwhile, binds strongly to bacterial dihydrofolate 

reductase—far more tightly than to the mammalian version—blocking the conversion of dihydrofolate to 

tetrahydrofolate and effectively halting essential cellular synthesis.[10]  

 

5. DAMAGE OF CYTOPLASMIC MEMBRANE:-  

Biological membranes consist mainly of lipids, proteins, and lipoproteins, forming a lipid bilayer that regulates the 

movement of water, ions, and nutrients. Some antimicrobial agents disrupt this membrane structure, causing loss of 

integrity and function. These agents are classified as cationic, anionic, or neutral, with polymyxin B and  polymyxin E 

are the examples . Their primary action involves increasing membrane permeability, allowing the entry of the drug and 

other compounds, ultimately leading to cell damage and death.[10]  
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Figure 2: mechanism of antimicrobial resistance[13]

  

Drivers And Factors Contributing In AMR:

The drivers of antimicrobial resistance (AMR) are complex, diverse, and cross

domains: mankind, livestock, agriculture, and the ecosystem. 

The key drivers of AMR include:  

1. Misuse and Excessive Use of Antimicrobials 

The overuse and misuse of antimicrobials in

emergence of resistance.  

2. In Human Health: This includes the incorrect use of antibiotics in primary care (e.g., incorrect type or dose) and the 

inappropriate prescription of antibiotics for conditions like acute respiratory tract infections, leading to the selection 

and spread of resistant bacteria. The increase in antibiotic prophylaxis during events like the COVID

contributed to a rise in AMR pathogens[11].  

4. Environmental Pollutants:  

In addition to antibiotics, other chemicals act as resistance

resistance genes.  

o Heavy Metals: Metals, including zinc, copper, mercury, and nickel, can mediate the selection of 

antimicrobial resistance genes (ARGs). Metal resistance and antibiotic resistance mechanisms often share 

structural and functional similarities. 

used in hospitals, household cleaning products,

compounds, such as triclosan and quaternary ammonium compounds (QACs), can facilitate the selection of 

antibiotic resistance in microbial pathogens. 

5. Societal and Public Health Factors:  

o Environmental Reservoirs: The environment acts as an AMR reservoir and plays a key role in the 

dissemination of ARGs, as resistant microorganisms enter the soil, air, water, and sediments through various 

routes like hospital wastewater and agricultural was
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Figure 2: mechanism of antimicrobial resistance[13] 

Drivers And Factors Contributing In AMR:-  

(AMR) are complex, diverse, and cross-sectoral, encompassing four main 

domains: mankind, livestock, agriculture, and the ecosystem.  

1. Misuse and Excessive Use of Antimicrobials  

The overuse and misuse of antimicrobials in various sectors is considered the primary selective pressure for the 

This includes the incorrect use of antibiotics in primary care (e.g., incorrect type or dose) and the 

ics for conditions like acute respiratory tract infections, leading to the selection 

and spread of resistant bacteria. The increase in antibiotic prophylaxis during events like the COVID

contributed to a rise in AMR pathogens[11].   

In addition to antibiotics, other chemicals act as resistance-driving compounds, often promoting co

Metals, including zinc, copper, mercury, and nickel, can mediate the selection of 

robial resistance genes (ARGs). Metal resistance and antibiotic resistance mechanisms often share 

structural and functional similarities. o Biocides: Biocides (mainly surfactants and disinfectants) are widely 

used in hospitals, household cleaning products, and industrial processes. Sub-lethal concentrations of these 

compounds, such as triclosan and quaternary ammonium compounds (QACs), can facilitate the selection of 

antibiotic resistance in microbial pathogens.  

 

The environment acts as an AMR reservoir and plays a key role in the 

dissemination of ARGs, as resistant microorganisms enter the soil, air, water, and sediments through various 

routes like hospital wastewater and agricultural waste.  
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o Sanitation and Control: AMR transmission is affected by poor sanitation/hygiene, inadequate local 

sanitation, and poor standards of infection control. o Globalisation: Expanding animal and human 

populations, international trade, increased globalisation, and travel and migration contribute to the spread of 

AMR[12]  

6.Medical factors:- Hospitals, especially Intensive Care Units (ICUs), are major hotspots for  

AMR due to frequent and inappropriate antibiotic use, invasive procedures, and vulnerable patient populations. Despite 

antimicrobial stewardship programs, about half of antibiotic prescriptions remain suboptimal. ICU conditions—such as 

broad-spectrum antibiotic exposure, prolonged stays, and use of medical devices—create ideal environments for 

resistant bacteria to evolve and spread.  

Cross-contamination between patients, staff, and equipment further accelerates resistance. In the community, AMR is 

fueled by antibiotic misuse, non-prescription access, premature discontinuation of treatments, and weak healthcare 

infrastructure that relies heavily on empirical broad-spectrum therapies. Additionally, human–animal–environment 

interactions contribute to the dissemination of resistance genes.[13]  

7.Aging factors:-  

Global Demographic Shift: The number of people aged 65 and over is rapidly increasing, projected to jump from 770 

million in 2022 to over 1.5 billion by 2050. This means more people are living longer, especially in high-income 

nations.  

Increased Infection Susceptibility: Older adults experience immunosenescence (age-related decline in the immune 

system) and other physiological declines, making them highly susceptible to infections.  

High Antimicrobial Use: This heightened vulnerability leads to a greater need for frequent antimicrobial utilizatio,n 

(both therapeutic and preventative), which in turn amplifies the selective pressure for resistant strains of pathogens.  

Iatrogenic AMR Risks: The high prevalence of chronic diseases in the elderly means they often take various non-

antibiotic drugs. Studies have shown that some of these medications— including anti-inflammatory drugs (like 

ibuprofen) and lipid-lowering drugs—can promote the spread of resistance genes through bacterial transformation.  

Reservoirs and Exposure: Chronically ill and older patients are considered potential reservoirs of antimicrobial-

resistant pathogens. Their frequent trips to high-risk environments like hospitals and long-term care facilities accelerate 

the spread of these resistant pathogens.[13]  
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Figure 3: Various factors contributing to AMR[14]

  

� Artificial Intelligence in combatting AMR:

 Artificial intelligence (AI) is now being used in many areas of healthcare. It helps 

diseases better and improve treatment methods. IN the fight against antimicrobial resistance (AMR), AI is very useful. 

It can quickly find patterns in how bacteria behave and help choose the best treatment for each patien

treatments faster, more accurate, and more personalized.AI can also help hospitals and doctors use antibiotics more 

wisely. For example:  

1. AI systems can identify infections earlier by studying patient symptoms and test results. 

2. AI prescription tools can suggest the best antibiotic by using hospital data, patient information, and treatment 

guidelines.  

3. This helps reduce the unnecessary use of antibiotics, which is one of the main causes of 

AMR.  

4. AI can also track how antibiotics are used and 

5. Outside hospitals, AI can watch for local outbreaks of resistant bacteria, helping health systems respond 

quickly.  

6. AI can even search large scientific databases to find 

something drug companies often struggle with. 
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Figure 3: Various factors contributing to AMR[14] 

Artificial Intelligence in combatting AMR:-  

Artificial intelligence (AI) is now being used in many areas of healthcare. It helps doctors and researchers understand 

diseases better and improve treatment methods. IN the fight against antimicrobial resistance (AMR), AI is very useful. 

It can quickly find patterns in how bacteria behave and help choose the best treatment for each patien

treatments faster, more accurate, and more personalized.AI can also help hospitals and doctors use antibiotics more 

AI systems can identify infections earlier by studying patient symptoms and test results.  

on tools can suggest the best antibiotic by using hospital data, patient information, and treatment 

This helps reduce the unnecessary use of antibiotics, which is one of the main causes of  

AI can also track how antibiotics are used and make sure they are stopped when they are no longer needed. 

Outside hospitals, AI can watch for local outbreaks of resistant bacteria, helping health systems respond 

AI can even search large scientific databases to find new drug targets and help develop  antibiotics

something drug companies often struggle with.  
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In short, AI supports doctors in using antibiotics more responsibly, improving patient care, and helping to slow down 

the spread of antibiotic resistance.[18][24] 

 � Global burden of antimicrobial resistance:

stating that an estimated 4.71 million deaths globally were 

o Total Attributable Deaths:

resistance, which was an estimated 

is crucial for academic clarity. 

4.95 million associated and 1.27 million attributable deaths to establish a baseline for comparison and 

trend analysis.  

o Disability-Adjusted Life

mortality, although the number of

million in 2050) compared to deaths.[4] 

figure 4:

o AMR is a problem for all countries at all income levels. Its s

borders. Contributing factors include lack of access to clean water, sanitation and hygiene (WASH) 

for both humans and animals; poor infection and disease prevention and control in homes, healthcare 

facilities and farms; poor access to quality and affordable vaccines, diagnostics and medicines; lack 

of awareness and knowledge; and lack of enforcement of relevant legislation. People living in low
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Global burden of antimicrobial resistance:- o Total Associated Deaths: Highlight the scale of the crisis by 

deaths globally were associated with bacterial AMR in 2021. 

Total Attributable Deaths: Provide the figure for deaths directly attributable

resistance, which was an estimated 1.14 million in 2021. This distinction (associated vs. attributable) 

is crucial for academic clarity. o Historical Context: You can mention the earlier 2019 

4.95 million associated and 1.27 million attributable deaths to establish a baseline for comparison and 

Adjusted Life-Years (DALYs): Include the DALYs to show the burden beyond just 

mortality, although the number of DALYs showed a much smaller projected increase (9.4% to 46.5 

million in 2050) compared to deaths.[4]  

figure 4:-Summery list of global burden of AMR[14] 

AMR is a problem for all countries at all income levels. Its spread does not recognize country 

borders. Contributing factors include lack of access to clean water, sanitation and hygiene (WASH) 

for both humans and animals; poor infection and disease prevention and control in homes, healthcare 

or access to quality and affordable vaccines, diagnostics and medicines; lack 

of awareness and knowledge; and lack of enforcement of relevant legislation. People living in low
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resource settings and vulnerable populations are especially impacted by both the drivers and 

consequences of AMR[15]  

� Antimicrobial stewardship:-  

The misuse of antibiotics in human health care is one of the main reasons for the rise of antimicrobial 

resistance (AMR). Antimicrobial stewardship means taking planned actions to make sure antibiotics are 

used properly. This includes deciding when to use them, choosing the right drug, giving the right dose, using 

the correct method (like oral or injection), and giving them for the right amount of time.  

Ø Barriers to Antimicrobial stewardship:-  

• Insufficient clinician knowledge about the appropriate and optimal use of antibiotics.  

• Resistance or lack of support from clinicians toward antimicrobial stewardship initiatives.  

• Inadequate access to reliable clinical diagnostics or microbiological testing facilities.  

• Limited or inconsistent availability of quality-assured antimicrobial agents.  

• Concern among healthcare providers that withholding antimicrobials, especially antibiotics, may result in poor 

patient outcomes.  

• Poor or insufficient communication and coordination among healthcare professionals.  

• Inadequate infrastructure or administrative backing for implementing antimicrobial stewardship programs or 

interventions.  

• Restricted access to essential data, including antimicrobial prescribing patterns within facilities and 

information on antimicrobial resistance (AMR) prevalence in the community.  

• Low levels of public or patient awareness and acceptance of antimicrobial stewardship practices.  

• Easy and often unregulated public access to antimicrobials, including antibiotics, without medical 

prescriptions.[17]  

Challenges to combatting AMR:-  

The overuse and misuse of antibiotics have accelerated the development of antimicrobial resistance (AMR) among 

pathogenic microorganisms, posing a major global public health threat. Increasing resistance leads to more severe 

infections, higher complication rates, prolonged hospital stays, and mortality. AMR also places a significant economic 

burden on nations by reducing productivity and raising healthcare costs due to extended treatments and 

hospitalizations. Key factors contributing to AMR include the inappropriate and excessive use of antimicrobials, 

inadequate access to clean water, sanitation, and hygiene for both humans and animals, insufficient infection prevention 

and control practices in healthcare settings, limited access to effective medicines and vaccines, low public awareness, 

and weak regulatory frameworks. Recognizing AMR as a critical global issue, epidemiological surveillance systems 

have been established to enhance cooperation and promote the health of humans, animals, and the environment within a  

One Health framework.[18]  

Dealing with the rise of antimicrobial resistance (AMR) is very difficult and has no easy solutions. Reducing the use of 

antibiotics is challenging because they are deeply connected to both human healthcare and animal farming. Doctors 

often use antibiotics based on experience (empiric treatment) because there are no fast tests to tell if an infection is 

bacterial or not. In farming, antibiotics are regularly given to animals to prevent diseases and help them grow 

faster.Although people are aware that overusing antibiotics causes resistance, hospitals and farms have been slow to put 

proper control programs and new policies into action. Another major problem is that new  
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Fig 5:- To combatt Antimicrobial resistance [19] 

antibiotics are not being developed quickly enough to fight drug-resistant bacteria. Many pharmaceutical companies 

have stopped researching new antibiotics because it is expensive and not very profitable. Even though some new 

policies are trying to support antibiotic development, finding effective new drugs will still take a long time because 

clinical trials require many years to complete[19]   

 

Preventions to combat AMR:-  

Infection Prevention and Control (IPC) is a practical and evidence-based way to stop infections that can happen in 

health-care settings, including those caused by drug-resistant germs (AMR pathogens).Health-care-associated 

infections (HAIs) are common and are one of the biggest problems in hospitals and clinics. No one should get an 

infection while receiving or giving health care, but it still happens everywhere. About 1 in every 10 patients gets an 

HAI. These infections are especially dangerous when caused by antibiotics resistant germs, as they can more than 

double the risk of death. Improving IPC programs and following best hygiene practices — such as having clean water, 

good sanitation, and proper hygiene (WASH) — can greatly reduce HAIs. This is a simple and cost-effective way to 

improve the quality and safety of health care in all countries, rich or poor. Without strong IPC measures, it is 

impossible to make health care safer or stop the spread of antibiotic resistance. Strengthening IPC and WASH is one of 

the five main goals of the World Health Organization’s (WHO) Global Action Plan on AMR.Countries around the 

world are now working to put these plans into action, based on the WHO Global Strategy on IPC (approved in 2023) 

and the resolution on WASH in health-care facilities (approved in 2019).[20]  

1.Clean your hands:- Washing your hands helps stop the spread of germs that can make you sick, like those causing 

coughs, colds, and diarrhea. Germs can spread when you:  

• Touch your eyes, nose, or mouth with dirty hands.  

• Prepare or eat food without washing your hands.  

• Touch dirty surfaces or objects.  

• Cough, sneeze, or blow your nose into your hands and then touch other people or things.  
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2.Get vaccinated:- Vaccines play an important role in preventing infections, including those caused by drug-resistant 

germs. Appropriately use of antibiotics and antifungals  

3.Be aware of changes in your health:- Talk to your doctor or nurse if you notice signs of an infection  or 

 think  you  might  have  one. If an infection is not treated early, it can become serious and lead to 

sepsis, a life-threatening condition.  

4.Practice healthy habits around animals:-   

• Always wash your hands after touching, feeding, or taking care of animals.  

• Try to avoid contact with animal waste—wear gloves if needed.  

• Keep your pets healthy and take them for regular checkups.  

• Talk to your vet about using antibiotics or antifungal medicines only when necessary to help prevent germs, 

including dangerous ones like CRE, from spreading.  

5.Prepare food safety:-   

• Wash your hands, kitchen tools, and surfaces often.  

• Wash your hands before and after touching raw meat, chicken, fish, or eggs.  

• Clean your cutting boards, plates, and counters after preparing each type of food.  

6. Prevent sexually transmitted infections (STIs):-   

• Don’t have sex ( anal, or oral). This is the only sure way to avoid STIs. � Get vaccinated 

to protect yourself from hepatitis B and HPV.  

• Have fewer sex partners to lower your risk.  

• Get tested regularly, and make sure your partner gets tested too.  

• Stay with one partner who has been tested and does not have an STI. � Use condoms 

correctly every time you have sex.[21] � Strategic Objectives of AMR:  

1. Improve awareness and understanding of antimicrobial resistance through effective communication, education 

and training.  

2. Strengthen the knowledge and evidence base through surveillance and research.  

3. Reduce the incidence Of infection through effective Sanitation, hygiene and infection Prevention measures.  

4. Optimize the use of antimicrobial medicines in human and animal health.  

5. Develop the Economic case for sustainable Investment that takes account Of the needs of all countries, And 

increase investment in new Medicines, diagnostic tools, Vaccines and other interventions.[21]  

  

Ø Role of vaccines in antimicrobial resistance:-  

The role of vaccines in antimicrobial resistance (AMR) is a pivotal and often under recognized strategy focused on 

prevention to combat the crisis. By preventing infections, vaccines serve as a powerful tool to reduce the reliance on 

antibiotics, which is the primary driver of resistance.   

The role of vaccines in mitigating AMR works through several key mechanisms:  

� Mechanism of action   

1.Direct Reduction of Infection and Transmission   

o Vaccines directly prime the immune system to recognize and fight pathogens, reducing the incidence 

of disease caused by both drugsusceptible and drug-resistant strains.  

o High vaccination coverage can establish herd immunity, which protects unvaccinated individuals 

and reduces the overall circulation of the pathogen in the community.  
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2.Reduction of Antibiotic Use   

o By preventing illness, vaccines reduce the number of people seeking treatment, thus leading to 

less antibiotic use. This reduction includes:   

 Fewer infections from the specific target pathogen.  

 Protection against secondary bacterial infections that can follow a primary illness 

and often trigger the use of antimicrobials.  

 Prevention of viral infections (like influenza), which often lead to the 

inappropriate prescription of antibiotics because they are mistakenly diagnosed 

as bacterial infections.  

3.Slowing the Evolution of Resistance   

o Reducing the volume of antibiotic use decreases the selective pressure on 

microorganisms, which is the process that allows resistant strains to survive and flourish 

over nonresistant ones. o Fewer infections also reduce the opportunity for bacteria to 

exchange genetic material, including the resistance genes, through a process called 

horizontal gene transfer.[25]  

  

Future Perspectives Of Antimicrobial Resistance:-  

By 2050, AMR could potentially supersede all other causes of mortality worldwide, with approximately 10 million 

deaths annually if inadequate measures are implemented. The economic losses associated with AMR are projected to 

reach $100 trillion USD by 2050.[18]Uncertainty about the future spread and management of antimicrobial resistance 

is caused by a wide ra9nge of factors.  These factors can be categorized[22]  

 into four groups. The first group relates to the molecular traits of infections, including transmissibility, survival fitness, 

and virulence, which are topics outside the purview of this article.  Furthermore, advancements in the microbiologic 

detection and identification of infectious microorganisms are likely to have an impact on antimicrobial drug 

prescription practices and diagnostic ambiguity.  The second set of factors is associated with doctors who prescribe 

antimicrobial medications and may alter their prescribing habits.  There is potential in this sector, according to recent 

data from around the globe.  The third category is associated with host-related factors and patient population 

characteristics.[20]  

The fight against AMR has both promise and challenges ahead of It.  In the battle against resistant diseases, creative 

research is essential to the development of new antibiotics, diagnostic tools, and therapeutic approaches.  Significant 

obstacles still exist, though, such as the requirement for more funding for antibiotic research and development, better 

global surveillance and data exchange, and the adoption of sensible regulations to control the use of antibiotics in 

human health, animal husbandry, and the environment. A comprehensive, One Health strategy that acknowledges the 

interdependence of human, animal, and environmental health is necessary to address the complex nature of AMR.  To 

increase awareness and promote global cooperation, advocacy work must continue. Our shared dedication to prudent 

antibiotic stewardship, innovation, and concerted international effort to preserve the efficacy of these vital medications 

for future generations is important to combating AMR.[14]  

Ø Potential Determinants of the Future Dissemination and Control of Antimicrobial Resistance:-  

Many things can affect how antimicrobial resistance spreads and how we can control it in the future. These factors can 

be divided into four main groups:  

1.Pathogen-related factors:  

These are about the germs themselves—how strong (virulent) they are, how easily they spread, and how well they 

survive. Improvements in lab tests and diagnostic tools will also affect how doctors identify infections and choose the 

right medicines.  

2. Prescriber-related factors:  
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These are about how doctors and other healthcare providers prescribe antibiotics. In some parts of the world, doctors 

are already improving how they use these drugs.  

3. Patient-related factors:  

These include how often people get infections, the types of patients being treated, their attitudes toward antibiotics, and 

global travel or migration, which can help spread resistant germs.  

4. Health system and policy factors:  

These are larger, system-wide influences—such as government rules, infection prevention practices, new medical 

technologies, and the discovery of new drugs.[20]  

  

II. CONCLUSION 

Antimicrobial resistance (AMR) represents one of the most pressing global health threats of the 21st century, marking 

the onset of a potential post-antibiotic era where common infections may once again become fatal. The evolution and 

dissemination of resistance mechanisms among pathogenic microorganisms are driven by complex genetic, 

environmental, and clinical factors. Despite significant scientific progress, the continued misuse of antibiotics in human 

medicine, agriculture, and animal husbandry has accelerated the emergence of multidrug-resistant strains.  

Addressing AMR requires a coordinated, multidisciplinary response encompassing effective antimicrobial stewardship, 

robust infection prevention and control programs, and the development of novel therapeutic alternatives, including 

bacteriophage therapy, antimicrobial peptides, and AI-driven drug discovery. Strengthening global surveillance 

systems, promoting public awareness, and ensuring equitable access to quality-assured antimicrobials are equally 

critical.  

Ultimately, the fight against AMR is a race against time. Sustained collaboration between scientists, healthcare 

professionals, policymakers, and the public will determine whether humanity can preserve the efficacy of existing 

drugs and usher in a new era of innovation to safeguard global health.  
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