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ANTIBIOTIC RESISTANCE: A GROWING GLOBAL PUBLIC HEALTH THREAT
ABSTRACT 
[bookmark: _GoBack]Antibiotic resistance constitutes a significant global health crisis, as evidenced by the rising incidence of difficult-to-manage bacterial infections. The severity of this issue has escalated to alarming proportions across various regions, imposing substantial burdens on healthcare systems and national economies. The primary drivers of antibiotic resistance include the excessive misuse and overuse of these agents, resulting in elevated morbidity and mortality rates, increased healthcare costs, prolonged hospitalization, and diminished workforce productivity due to recurrent, severe, and sometimes fatal infections. Contributing factors encompass inappropriate antibiotic use in humans, agricultural sectors, and veterinary practices. The implications of antibacterial resistance are multifaceted, adversely affecting public health, agricultural productivity, and economic stability. Multifaceted strategies such as antibiotic stewardship initiatives, regulatory frameworks, and focused research and development efforts are imperative to mitigate this pervasive threat.

INTRODUCTION
The World Health Organization (WHO, 2019) highlights antimicrobial resistance as a leading global public health and developmental challenge, attributing approximately 1.27 million deaths in 2019 directly to antibacterial resistance and linking it to 4.95 million fatalities. These statistics surpass mortality rates associated with other significant public health concerns, including HIV and Malaria. While antibiotic resistance presents a universal challenge, its impact is particularly pronounced in developing nations where poverty and health disparities exacerbate adverse health outcomes and economic strain. Advanced economies often enforce stringent measures to curb antibiotic misuse, such as the Prescription Only Medicine (POM) policy, conditional prescribing practices based on bacterial infection confirmation in healthcare facilities, and regulation of the introduction of generic antibiotics. Conversely, many developing nations permit unrestricted access to antibiotics without prescriptions.
The rise of antibiotic-resistant pathogens is predominantly driven by misuse and overuse in human medicine and agricultural contexts. Misapplication encompasses self-medication practices without professional guidance, inappropriate dosing and duration of treatment, incorrect antibiotic selection, and non-adherence to prescribed therapy duration. Bhardwaj et al. (2024) noted that unwarranted prescriptions and insufficient compliance with treatment protocols have compounded the surge in antibiotic resistance.
The repercussions of antibiotic resistance extend beyond individual treatment failures (Baquero, F. 2021). This crisis highlights the increased frequency of severe infections, alterations in the composition and functionality of the human microbiota, accelerated bacterial evolution fueled by natural genetic mechanisms, and disruptions to environmental microbial ecosystems. Antibiotic resistance arises when bacteria undergo genetic modifications that render standard antibiotic therapies ineffective, creating a significant challenge in treating infections for which these agents were originally intended. As articulated by Nwobodo et al. (2022), the implications of antibiotic resistance on clinical outcomes are profound, resulting in treatment failures, reliance on costly alternative therapies, and increased rates of morbidity and mortality (Medernach R. L. et al, 2018), thereby jeopardizing the advancements achieved in modern medicine and making invasive procedures, including surgeries and cancer therapies, more hazardous.
[bookmark: _Hlk188863546]Bacteria employ various strategies to establish resistance within specific environments (Pang et al., 2019). These mechanisms include modifications to antibiotic target sites that neutralize drug efficacy, enzymatic degradation of antibiotics into non-active metabolites, active expulsion of antibiotics via efflux pumps, and horizontal gene transfer among resistant strains (Michaelis & Grohmann, 2023), facilitating rapid dissemination of resistance within bacterial communities. Church et al., (2021) andGuo et al., (2020) identify the ESKAPE pathogens as leading contributors to hospital-acquired infections and multi-drug resistance, underscoring the critical need for targeted interventions.

CAUSES OF ANTIBIOTIC RESISTANCE
The emergence of bacterial resistance is a complex phenomenon driven by multiple factors. 
Here are some key drivers contributing to this growing problem:
1. Misuse and Overuse of Antibiotics: The rampant misuse and over-prescription of antibiotics, particularly broad-spectrum varieties, are primary contributors to bacterial resistance (Kumar Jha et al., 2023).  This misuse is particularly prevalent in cases of viral infections, where antibiotics are ineffective yet still prescribed. As individuals take these drugs unnecessarily, it creates selective pressure that allows resistant strains of commensal bacteria to flourish, increasing the risk of secondary infections. Alarmingly, many patients do not complete their prescribed courses of therapy, further perpetuating the cycle of resistance.
2. Challenges in Healthcare Systems: In developing countries, weak healthcare infrastructures amplify the issue of resistance. Common challenges include a shortage of trained medical personnel, a limited number of healthcare facilities, and inadequate access to rapid diagnostic tools and effective treatments. These factors often drive patients towards self-medication, where they may improperly use antibiotics, exacerbating resistance issues.
3. Inappropriate Prescribing Practices: The way in which healthcare professionals prescribe and dispense antibiotics can significantly impact resistance rates. Inappropriate choices and inadequate patient education lead to improper antibiotic use, which increases the risk of developing resistant bacterial strains.
4. Agricultural Antibiotic Use: The rise in antibiotic usage within livestock farming and agriculture plays a critical role in the development of resistance. When antibiotics are used in animals, as Chokshi et al., (2019) puts it, they can promote the emergence of resistant bacteria that may be transmitted to humans through food products. This not only raises concerns about food safety but also contributes to the burden of zoonotic diseases.
5. Bacterial Density in Healthcare Settings: Hospitals and other healthcare centers often have a high density of bacterial populations, which can facilitate the transfer of resistant bacteria into the broader community. Poor infection control measures within these facilities contribute to the emergence and spread of antibiotic resistance.
6. Lack of Hygiene Protocols: Adherence to hygiene measures and protocols is essential in healthcare settings to prevent infections. Unfortunately, lapses in cleanliness standards can lead to an increased risk of antibiotic resistance, as uncontained bacteria are more likely to spread.
7. Global Movement and Trade: The rise in international travel and trade allows for the rapid spread of resistant bacteria and their associated resistance genes among human populations. This interconnectedness poses a significant challenge in controlling the spread of resistance.
8. Sanitation Issues: In many regions, poor sanitation practices contribute to water contamination and the proliferation of resistant bacteria through sewage systems. This environmental factor plays a crucial role in the overall health of communities and their vulnerability to infections.
9. Limited New Antibiotic Development: The pharmaceutical industry faces significant challenges in developing new antibiotics, leading to a dangerous reliance on existing medications. According to Edwards F. et al, (2021), the lack of innovation in this area increases the risk as bacteria continue to evolve resistance mechanisms.
10. Counterfeit Medications: In several countries, particularly where pharmaceutical regulations are lax, counterfeit antimicrobials present a significant risk. These fake products often contain ineffective ingredients, contributing to the problem of antibiotic resistance and making it easier for patients to access them without proper medical supervision. The proliferation of generic antibiotic brands further complicates the situation, as many patients can obtain these medications without a prescription, increasing the likelihood of improper use.
Addressing these causes is essential in the fight against bacterial resistance, as it threatens not only individual health but also public health on a global scale. 

IMPACT OF ANTIBIOTIC RESISTANCE
The global healthcare burden associated with antibiotic resistance continues to escalate, particularly with the rise of hard-to-treat infections such as multidrug-resistant tuberculosis, malaria, and gonorrhea. The WHO (2019) underscores that the proliferation of drug-resistant pathogens jeopardizes the efficacy of standard therapeutic interventions and complicates essential medical procedures—including cancer treatments, cesarean sections, hip replacements, and organ transplants—due to increased risks of post-operative infections.
The economic ramifications of antibiotic resistance are profound, engendering higher costs for more intensive care, reducing workforce productivity owing to extended hospital stays, and compromising agricultural outputs. These effects reverberate throughout economies, affecting families and communities. Predictions from Nwobodo et al. (2022) indicate that antibiotic-resistant infections could result in up to 10 million fatalities annually by 2050, costing the global economy nearly $100 trillion—a staggering strain on both economic and public health systems.
Patients facing drug-resistant infections experience heightened morbidity and mortality risks, diminished productivity, and increased burdens on caregivers, often leading to severe complications or long-term disabilities ((Ding et al., 2023)). The COVID-19 pandemic exacerbated this situation, with Lessa et al. (2023) noting a marked increase in antibiotic use and resistance due to the influx of severely ill patients, supply chain disruptions, healthcare staffing shortages, and prolonged hospitalizations. This significantly strained the production, supply, and distribution of critical antibiotics, resulting in inappropriate usages, such as Azithromycin, Amoxicillin, and various Cephalosporin combinations.

STRATEGIES TO COMBAT ANTIBIOTIC RESISTANCE
Antibiotic resistance is a critical and escalating global health crisis that has been intensifying for several decades (Medernach, R. L. et al, 2018). The World Health Organization (WHO) has taken a proactive stance in advocating for the responsible use of antimicrobial agents, with a specific focus on antibiotics. In response to this growing challenge, numerous countries have formulated national policies and legislative frameworks aimed at curbing the misuse and overuse of antibiotics. These initiatives require concerted efforts from individuals, healthcare professionals, and all relevant stakeholders to ensure that antibiotics are prescribed only when necessary, to the appropriate patients, and for suitable medical indications.
To effectively address antibiotic resistance, it is essential to establish robust global surveillance systems that monitor adherence to guidelines concerning the appropriate use of antibiotics. These systems need to be upheld by governmental bodies and enforced through the cooperation of health authorities, practitioners, and other stakeholders. The WHO has formulated a comprehensive Global Action Plan that serves as a strategic roadmap to combat this alarming trend. This plan emphasizes the necessity for international collaboration and coordinated actions aimed at diminishing the threat posed by antibiotic resistance. Many Ministries of Health (MoH) worldwide have embraced this initiative and have initiated strategies to implement its objectives within their respective nations.
Numerous countries have established practical regulatory frameworks that significantly reduce the misuse and overuse of antibiotics. For instance, regulations now often prevent patients from obtaining antibiotics for self-diagnosed conditions without a valid prescription from a qualified physician. Furthermore, there is a growing initiative in some nations to minimize the use of antibiotics in agricultural practices, with certain governments implementing outright bans on the use of these critical medications in farming. Such measures are crucial in alleviating the selective pressure that promotes antibiotic resistance in the wider ecosystem. Notably, developed countries face the most significant challenges in controlling antibiotic resistance, often due to ineffective regulatory systems that allow easy access to antibiotics as over-the-counter medications. Therefore, there is an urgent need for these nations to enact stringent national strategies and legislation to mitigate the unwarranted use of antibiotics.
Antimicrobial stewardship programs are being systematically implemented across various healthcare settings, including hospitals, pharmacies, and at the individual level, to ensure the judicious use of antibiotics. These programs are vital in reinforcing the principles of responsible antibiotic use and in educating both healthcare providers and patients about the implications of misuse. A key component of this effort is the World Antimicrobial Awareness Week (WAAW), which is observed annually from November 18 to 24. This awareness campaign aims to enhance knowledge and understanding of antimicrobial resistance among healthcare workers, patients, and the general public. The campaign has seen positive outcomes, notably in encouraging healthcare workers to prescribe and dispense antibiotics more appropriately. A tangible result of this initiative is the trend among pharmacies to provide patients with a complete, appropriately dosed course of antibiotics, thereby contributing to the reduction of antibiotic resistance.
Despite the pressing need for effective antibiotics, research and development in this area have stagnated in recent years, with only a limited number of pharmaceutical companies actively engaged in creating new therapies. It is imperative to stimulate involvement from additional companies in the development pipeline for new antibiotics that can tackle emerging infections and multi-drug-resistant strains (Laxminarayan, R. et al. 2010). Governments can facilitate this process by offering incentives, such as financial support or favorable regulatory environments, to motivate pharmaceutical innovation. Additionally, advancements in diagnostic technologies hold great promise for enabling rapid detection of infections, thereby guiding healthcare providers in making informed treatment decisions that reduce the misapplication of antibiotics.
Moreover, healthcare professionals are encouraged to explore alternative therapeutic strategies (Chinemerem Nwobodo et al., 2022). These include phage therapy, combination antimicrobial therapy, vaccines, and probiotics. These alternatives may help alleviate dependence on traditional antibiotics and contribute to the overall reduction of the antibiotic burden on healthcare systems.

CONCLUSION
Antibiotic resistance is a multifaceted and growing global dilemma, highlighting the inadequacy of existing antibiotics in treating infections for which they were originally developed. The factors contributing to this issue are intricate and have profound implications for public health systems and economic stability worldwide. This threat extends beyond human health, affecting animals and plants as well. Accordingly, every nation needs to adopt concrete, comprehensive, and urgent strategies to mitigate the harmful impacts of antibiotic resistance, safeguarding public health and preserving the efficacy of these vital medications for future generations.
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