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ANNOTATION 

The theme “Fighting the Invisible Enemy: The Urgent Need to Tackle Antimicrobial 

Resistance (AMR)” emphasizes the silent yet escalating threat that AMR poses to 

global health, food security, and sustainable development. The term "Invisible Enemy" 

reflects the nature of drug-resistant microbes—organisms too small to be seen, yet 

powerful enough to undermine decades of medical progress. Unlike visible threats such 

as war or natural disasters, AMR spreads silently through misuse and overuse of 

antibiotics in humans, animals, and agriculture, making it a complex and elusive 

challenge. 

This theme captures the urgent call to action. According to the World Health 

Organization (WHO), AMR could cause up to 10 million deaths annually by 2050 if 

no significant interventions are made. Everyday medical procedures—like caesarean 

sections, chemotherapy, or joint replacements—could become extremely risky due to 

the possibility of untreatable infections. 

Moreover, the theme encourages global cooperation and shared responsibility. 

Tackling AMR requires a One Health approach, linking human health, animal health, 

and environmental protection. It calls on governments to strengthen regulations, 

healthcare systems to implement better infection prevention and control, 

pharmaceutical industries to invest in the development of new drugs, and individuals 

to use antibiotics wisely. 

It also highlights the need for public awareness. Many people are unaware that taking 

antibiotics unnecessarily—for viral infections like the common cold—contributes to 

resistance. Education is crucial to help individuals understand that antimicrobial 

resistance is not just a future problem, but a current crisis. 

In essence, this theme is both a warning and a call to action. The battle against AMR is 

not just a medical issue—it’s a societal one, and the fight begins with awareness, 

responsibility, innovation, and global solidarity. 
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 Antimicrobial Resistance: More than Residues 

   The emergence of drug resistance has been observed following the introduction of 

each new class of antibiotics, and the threat is compounded by a slow drug 

development pipeline and limited investment in the discovery and development of 

new antibiotic agents. The problem is rarely one of exceeding the MRL but rather 

spreading of antimicrobial resistance throughout the food chain resulting in a 

potentially untreatable pathogen in humans and animals. Recently, the World Health 

Organization called antimicrobial resistance (AMR) “an increasingly serious threat to 

global public health that requires action across all government sectors and society”  

  Antimicrobial use in animals can, and has, contributed to the emergence of 

antimicrobial resistance in bacteria that may be transferred to humans, thereby reducing 

the effectiveness of antimicrobial drugs for treating human disease . It is quite clear 

that interventions that restrict antibiotic use in food-producing animals are associated 

with a reduction in the presence of antibiotic-resistant bacteria in these animals .The 

bacterial capability to face antimicrobial compounds has enabled bacteria to survive 

over time. Commonly, AMR traits are included in mobilizable genetic elements 

enabling the homogeneous diffusion of the AMR traits pool between the ecosystems 

of diverse sectors, such as human medicine, veterinary medicine, and the 

environment,but the public are unaware of the importance of agricultural antimicrobial 

use as a factor in antimicrobial resistance even among experts in medicine and public 

health. 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/drug-development
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/drug-development
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/antibiotics
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/maximum-residue-limit
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/face
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  For medical students, understanding AMR is not just an academic requirement—it is 

a critical part of preparing for real-world clinical practice. This article aims to provide 

an overview of the key drivers of antimicrobial resistance, the mechanisms by which 

resistance develops, the impact on patient care, and the role of healthcare professionals 

in combating this crisis. By equipping future physicians with this knowledge, we take 

one step closer to turning the tide against this invisible but formidable threat. 

  2. AMR- definition and history 

  The issue of AMR presents a substantial risk to the overall well-being of the global 

population and is increasingly becoming a matter of great apprehension on a worldwide 

scale. AMR pertains to the capacity of microorganisms, encompassing bacteria, 

viruses, fungi, and parasites, to withstand the therapeutic impact of previously 

efficacious drugs in combating them. This phenomenon undermines the efficacy of 

antibiotics, antivirals, and other pharmaceuticals, resulting in heightened morbidity, 

mortality, and healthcare expenditures. Addressing AMR has emerged as a pivotal 

global health imperative, necessitating prompt and synchronized endeavors from 

governmental bodies, healthcare practitioners, scholars, and the general populace . 

AMR occurs when microorganisms like bacteria, viruses, fungi, and parasites resist 

antimicrobial drugs, making standard treatments ineffective and increasing the risk of 

infection . The evolution of AMR is a natural phenomenon; however, human influences 

have dramatically accelerated and exacerbated its progression over recent decades.  

  Microbes are under selective pressure to become resistant and acquire adaptive 

mutations or genes when antimicrobial agents are misused or overused in healthcare, 

veterinary, and agricultural settings. This then enables their survival and persistence in 

environments saturated with antibiotics and antiseptics that would previously have 

readily destroyed them. Bacteria and other microbes have a remarkable ability to 

rapidly adapt, mutate, and share adaptive genetic elements via horizontal gene transfer 

mechanisms allowing them to develop diverse resistance mechanisms. 

Microorganisms that develop AMR may make human and animal diseases challenging 

to cure. Resistance prolongs sickness, increases spread risk, lengthens hospital stays, 

requires more costly therapies, and raises fatality rates. This escalating cycle of 

resistance development is not only a contemporary concern but has roots deeply 

embedded in the history of antimicrobial use. 

  The history of AMR traces back to the discovery of penicillin in 1928 by Alexander 

Fleming and the subsequent mass production and utilization of antibiotics in the 1940 

s. However, resistant organisms emerged almost immediately thereafter. The first cases 

of penicillin-resistant Staphylococcus aureus were reported in 1942, along with 

tetracycline resistance by 1953 . The widespread agricultural use of antibiotics in the 

1950–60 s also accelerated resistance. The MRSA was reported in 1961, followed by 
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resistance to multiple antibiotic classes. The 1980 s saw a global epidemic of MDR 

tuberculosis. In the 1990 s, gram-negative pathogens such as Escherichia coli and 

Klebsiella pneumonia developed ESBL resistance. The rise of MDR diminished the 

number of available effective antibiotics and resulted in the withdrawal of 

pharmaceutical companies from antibiotic research. This perfect storm of increasing 

resistance and lack of new drug development continues to strain healthcare systems 

today. We have now entered a dangerous post-antibiotic era where common infections 

and minor injuries can once again become lethal. If solutions are not urgently 

implemented, it is expected that millions of people may die annually from AMR 

infections. 

Mechanisms of AMR and microbes involved 

  Natural selection, antibiotic overuse and misuse, insufficient access to safe water and 

sanitation, and substandard and counterfeit drugs are a few causes of AMR . Antibiotic 

overuse and misuse include but are not limited to incomplete treatment, inappropriate 

prescription, and self-medication. Bacteria that survive a partial antibiotic course may 

acquire resistance. Additionally, prescribing medicines for viral infections, self-

prescribing, or utilizing leftover antibiotics without medical supervision can contribute 

to AMR. Insufficient sanitation and poor hygiene practices contribute to the 

proliferation of infectious diseases, resulting in heightened reliance on antibiotics and 

subsequent development of resistance. Finally, low-quality medications may not have 

enough active substances or the correct dose, resulting in insufficient therapy and the 

development of resistance. Microorganisms have developed various and ingenious 

strategies to withstand the antibacterial effects of previously effective medications in 

treating illnesses. These systems enable microorganisms to endure attacks from 

antibiotics and other antimicrobial chemicals that often hinder their development or 

cause their complete demise. Bacteria and other parasites demonstrate remarkable 

adaptive mechanisms by making structural modifications and employing strategic 

metabolic pathways, enabling them to disregard or neutralize antimicrobial substances 

that pose a threat.  

  Typical resistance mechanisms involve enzymatic modification or degradation of 

antibiotics, limiting the entry of antibiotics into cells to prevent their build-up, 

alterations to metabolic pathways, modifying binding sites like ribosomes to reduce 

drug effectiveness, and increasing the activity of efflux pumps that remove antibiotics 

from cells before they can reach adequate levels. Bacteria may also create biofilms, 

surface-bound communities with varying nutrition levels and limited antibiotic 

penetration. These resistant mechanisms are summarized in Fig. 1. These biofilms 

provide further protection for the bacteria. In addition, bacteria are proficient in 

obtaining resistance genes from nearby cells or even distinct species through horizontal 
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gene transfer facilitated by plasmids and other mobile genetic components. These 

acquired genes frequently include several intricate resistance mechanisms inside a 

single unit, enabling the fast spread of MDR throughout microbial populations. The 

capacity for efficient horizontal transfer of genetic information grants microorganisms 

a wide array of resistance strategies that may be adapted as necessary to ensure survival 

against ongoing advancements and utilization of antimicrobial treatments by the 

medical field. Several microorganisms have developed AMR through different 

mechanisms in the past few decades . Methicillin-resistant Staphylococcus aureus is 

resistant to numerous antibiotics, including methicillin, through mutations in mecA and 

mecC genes and horizontal gene transfer. Carbapenem-resistant Enterobacteriaceae, 

such as Klebsiella pneumoniae and Escherichia coli, have gained resistance to 

carbapenem drugs by acquiring carbapenemase genes. These genes are often carried 

on plasmids, facilitating their transmission across bacteria. The ESBL-producing E. 

coli is resistant to a broad spectrum of antibiotics, including penicillins and 

cephalosporins, by obtaining ESBL genes, commonly through plasmids. Mutations in 

the DNA of MDR Mycobacterium tuberculosis have rendered them resistant to many 

anti-tuberculosis medications. Acinetobacter baumannii has developed resistance to 

several antibiotics due to a combination of mutations and the acquisition of resistance 

genes. Multidrug-resistant Neisseria gonorrhoeae defies front-line antibiotics for 

treating the sexually transmitted illness of gonorrhea. Fluconazole-resistant Candida 

fungi, which cause opportunistic oral and genital infections, have burdened high-risk 

groups. Last but not least, viral infections like HIV and influenza also routinely develop 

resistance mutations to available antiviral medications. The alarming surge of these 

MDR microbial strains underscores the ability of pathogenic bacteria, viruses, fungi, 

and protozoa to rapidly circumvent chemical agents aimed at destroying them. 
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 The impact of AMR on human and animal populations 

 

  AMR has arisen as a multifaceted issue that impacts the health of both humans and 

animals. The excessive and improper utilization of antibiotics in various domains, such 

as healthcare facilities, agricultural practices, and veterinary medicine, has expedited 

the emergence of drug-resistant strains of microorganisms. The excessive dependence 

on antibiotics has resulted in the emergence of antibiotic-resistant bacteria, commonly 

known as superbugs, which pose significant challenges in treatment efficacy and can 

lead to severe infections. Furthermore, the inadequate progress in developing novel 

antimicrobial medications exacerbates the issue, as the rate at which resistance 

develops surpasses the rate at which effective therapies are being identified . 

AMR has emerged as one of the most significant threats to human health in the 21st 

century. Previously treatable infections are becoming increasingly intractable, posing 

substantial clinical challenges. The loss of effective first-line antimicrobials has driven 

growing reliance on second and third-line therapies, which are often more expensive, 

more toxic, and require longer treatment durations . Prolonged illnesses drain 

individual and healthcare system resources due to extended hospitalizations. Lengthier 

recoveries also impact economic productivity, giving more excellent time off work. 

AMR infections similarly necessitate increased outpatient clinic visits, laboratory 

testing, and isolation precautions . The mortality attributed directly to 

AMR pathogens claims over a million lives annually . The absence of effective 

https://www.sciencedirect.com/topics/medicine-and-dentistry/public-health
https://www.sciencedirect.com/topics/medicine-and-dentistry/pathogen
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/epileptic-absence
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antibiotics, routine procedures like surgery, organ transplantations, chemotherapy, 

and neonatal care could become exponentially more dangerous due to the limited 

capacity to control infections . Some pathogens described as “ESKAPE” bacteria, 

including resistant forms of Enterococcus faecium, Staphylococcus aureus, Klebsiella 

pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, 

and Enterobacter spp., represent the most troublesome MDR threats facing hospitals 

today . Common scratch-borne infections or minor injuries could be fatal in a post-

antibiotic era. 

AMR threatens human health and food production by enabling animal-to-human 

transfer of resistant zoonotic pathogens . Overuse of antibiotics in livestock to treat 

illness and promote livestock growth has precipitated reservoirs of resistance. This 

facilitates enhanced transmission risks of MDR bacteria 

like Salmonella and Campylobacter via the food chain or animal handlers . Resistant 

bacterial strains spread readily between species. Wildlife similarly develops AMR from 

indirect environmental exposures driving additional pathogen transmission. Resistant 

microbes extend into the broader environment through fertilizers made from manure, 

contaminating waterways and produce that reaches consumer tables. They additionally 

exchange AMR genes with normal environmental and human commensal microflora. 

Restricted treatment options for animal infections resulting from resistance promote 

outbreak escalation among cattle, poultry, and sheep, necessitating culling and 

generating significant economic losses while threatening food supplies. 

Approximations indicate AMR could impose a $3–4 billion financial burden through 

livestock alone in the coming decades . Detrimental resistance impacts across 

agriculture and economic systems also spur disruptive ripple effects for national 

security and trade. Hence, a proper One Health approach encompassing human, animal, 

and environmental health surveillance and interventions remain necessary to fully 

address AMR’s substantial existing and prospective adverse impacts on animals that, 

in turn, heighten human exposure risks further. 

 Challenges in addressing AMR 

  Tackling the emergence of AMR presents complex challenges with no facile 

resolutions. Efforts to reduce humanity’s vast utilization of antimicrobials are 

obstructed by their widespread integration into medical care and food animal 

production economics Lacking rapid point-of-care diagnostics, physicians often 

depend on empiric antibiotic prescribing to safeguard against bacterial infections, 

while modern farming systems predicate the regular administration of antimicrobials 

to livestock for infection prevention and growth promotion. Implementation of 

antimicrobial stewardship programs in healthcare and updated animal husbandry 

policies lag considerably despite awareness of resistance risks associated with 

https://www.sciencedirect.com/topics/medicine-and-dentistry/organ-transplantation
https://www.sciencedirect.com/topics/medicine-and-dentistry/newborn-care
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/enterococcus-faecium
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/staphylococcus-aureus
https://www.sciencedirect.com/topics/medicine-and-dentistry/acinetobacter-baumannii
https://www.sciencedirect.com/topics/medicine-and-dentistry/pseudomonas-aeruginosa
https://www.sciencedirect.com/topics/medicine-and-dentistry/enterobacter
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/injury
https://www.sciencedirect.com/topics/medicine-and-dentistry/campylobacter
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/microflora
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antibiotic overuse. Compounding these issues, the antibiotic drug development 

pipeline cannot keep pace with the continuous evolution of MDR pathogens. 

Pharmaceutical companies increasingly abandon costly antimicrobial research with 

limited profit incentives. And while policy expansions financing antibiotic 

development mark progress, near-term solutions seem unlikely considering phase trial 

durations. 

Further frustrating containment efforts, international coordination on AMR 

surveillance and stewardship guidelines remains piecemeal despite organizations like 

the WHO, CDC, and UN recognizing its borderless risks. Variable access to quality 

diagnostics and antibiotic oversight across countries enables local emergence and 

global spread of novel resistance factors. Patches of weak stewardship may continually 

undermine and negate localized progress. Ultimately, the unique ‘tragedy of the 

commons’ nature of antibiotic resistance demands equitable, cooperative global action 

and shared responsibility. However, geopolitical complexities continue obstructing 

consensus on binding international policies and funding channels needed to strengthen 

antimicrobial stewardship and innovation worldwide  

AMR transcends geographical boundaries and has a global impact on populations. In 

recent times, formerly manageable infections have evolved into significant health 

concerns. The absence of efficacious antimicrobial agents renders routine medical 

procedures, such as surgeries, chemotherapy, and organ transplants, more precarious. 

In addition to the adverse impact on human health, AMR also presents substantial 

economic challenges for healthcare systems, governments, and societies as a 

whole.The financial burden associated with managing resistant infections is 

significantly elevated as a result of extended hospitalizations, escalated healthcare 

consultations, and the necessity for costly medications as a last line of defense. 

  Priorities to public health action 

  Promoting public awareness and providing education are essential components to 

address AMR. It is imperative to provide the general population with comprehensive 

education regarding the proper utilization of antibiotics, the adverse 

outcomes associated with their excessive usage, and the significance of adhering to 

prescribed treatment regimens [127]. Healthcare professionals must possess current 

knowledge regarding antimicrobial stewardship, infection prevention, and control 

practices. Antibiotic stewardship in hospital settings encompasses the establishment of 

guidelines, provision of education to healthcare providers, and implementation of 

protocols to ensure the judicious utilization of antibiotics. Conversely, in outpatient 

settings, antibiotic stewardship centers on patient education, diagnostic testing, and 

promoting antibiotic usage solely when deemed necessary. By establishing a culture 

that promotes responsible utilization of antimicrobials, it is possible to mitigate the 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/r-factor
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/antibiotic-resistance
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/adverse-outcome
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/adverse-outcome
https://www.sciencedirect.com/science/article/pii/S2949916X24000343#bib127
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selection pressure exerted on microorganisms and consequently decelerate the 

progression of antimicrobial resistance. The details of various alternative strategies for 

addressing antimicrobial resistance are illustrated in. 

 
Conclusion 

Antimicrobial resistance (AMR) is no longer a distant threat—it's a rapidly growing 

global crisis with profound implications for public health, food security, and economic 

stability. Driven by the misuse and overuse of antibiotics in humans, animals, and 

agriculture, AMR is rendering once-effective treatments powerless, leading to 

prolonged illnesses, higher medical costs, and increased mortality rates. Compounding 

the issue is the lack of new antibiotics being developed, as pharmaceutical incentives 

remain limited and scientific challenges persist. 

Tackling this invisible enemy demands a multifaceted response. This includes 

implementing robust antibiotic stewardship programs, strengthening infection 

prevention and control measures in healthcare and community settings, and enhancing 

surveillance systems to track resistance patterns. Public education is also critical to 

change behaviors around antibiotic use, while governments and international bodies 

must invest in research and incentivize the development of new antimicrobials and 

alternative therapies. 

Ultimately, the fight against AMR is not just a medical or scientific challenge—it is a 

societal one. If ignored, antimicrobial resistance threatens to push the world into a post-
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antibiotic era where even minor infections could become deadly. Collective action, 

informed policies, and sustained commitment are urgently needed to protect global 

health now and for future generations. 
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