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ABSTRACT :

A rising worldwide concern, antibiotic resistance (AR) makes treating bacterial infections more difficult and raises morbidity, death, and medical expenses. Many
traditional antibiotics are no longer effective due to the growth of multidrug-resistant (MDR) bacteria, which calls for innovative strategies to fight resistance.
The mechanisms of AR, difficulties in developing antibiotics, and new approaches including immuno-antibiotics, biochemical pathway targeting, and creative
drug delivery systems are all covered in this review. A multimodal strategy is needed to address AR, including international cooperation, research into alternate
medicines, and strict antibiotic stewardship.

Introduction :

Because they made it possible to treat bacterial illnesses, antibiotics transformed modern medicine. Once-treatable illnesses are now life-threatening
due to AR caused by their abuse and overuse. AR is one of the biggest dangers to world health, according to the World Health Organization (WHO).
The mechanics of bacterial resistance, the causes of the crisis, and new approaches to lessen its effects are covered in this review.

Antibiotic Resistance Mechanisms :

Resistance is developed by bacteria in a number of ways:
. Enzymatic Degradation: Beta-lactamases and other enzymes produced by bacteria render antibiotics inactive.
o  Efflux Pumps: Before antibiotics reach their target, bacteria release them.
e  Target Modification: To avoid the effects of antibiotics, bacterial proteins or pathways change.
. Biofilm Formation: Antibiotics cannot enter bacterial cells due to protective biofilms.
. Genetic Transfer: Resistance genes are dispersed throughout bacterial populations by horizontal gene transfer.

The Difficulties of Combating Antibiotic Resistance :

e Absence of New Antibiotics: Because antibiotic development yields poor financial returns, the pharmaceutical sector makes fewer
investments in this area.

. Overuse in Agriculture and Medicine: Overuse of antibiotics speeds up resistance.

. Limited Diagnostic Tools: It's still difficult to quickly identify resistant strains.

e  Global Spread: Trade and travel can cause resistant germs to proliferate internationally.

. Insufficient Public Awareness: A lot of people abuse antibiotics because they don't fully understand the consequences.

. Regulatory Barriers: Innovation is slowed by the expensive and complicated approval process for new antibiotics.

The worldwide burden of antibiotic resistance and epidemiology :

1. Increasing Trends in Resistance
The CDC and WHO claim that AR has emerged as a major global cause of death, with illnesses brought on by resistant bacteria responsible
for millions of deaths annually. Treatment for MDR strains of Pseudomonas aeruginosa, Staphylococcus aureus, Klebsiella pneumoniae, and
Escherichia coli is becoming more challenging.

2. 2. Financial Stress
Extended hospital stays, higher medical costs, and financial losses as a result of decreased productivity are all caused by AR. If AR is not
addressed, it is predicted to cause 10 million deaths annually and cost the world economy more than $100 trillion by 2050.
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3. 3. Populations at High Risk
Immunocompromised patients, hospitalized people, and surgical patients are among the groups that are particularly susceptible to AR.

New Approaches to Addressing Antibiotic Resistance :

1. Antibiotic Immunotherapy

Antibiotics have been shown in recent research to improve the host immune response. Immuno-antibiotics lower the risk of resistance development by
addressing immune system modulation as well as bacterial infections.

2. Inhibition of Biochemical Pathways

One intriguing approach to creating potent antibacterial drugs that don't harm human cells is to target bacterial-specific metabolic pathways, including
the methyl-D-erythritol phosphate (MEP) route.

3. The CRISPR-Cas9 System

By focusing on resistance genes, gene-editing technologies like CRISPR-Cas9 have the ability to eradicate antibiotic-resistant bacteria specifically.

4. Treatment using Bacteriophages

By specifically targeting resistant bacterial strains, bacteriophages—viruses that infect bacteria—offer an alternative to conventional antibiotics.

5. Using Nanotechnology to Deliver Antibiotics

By improving drug delivery and boosting antibiotic effectiveness, nanoparticles may be able to get past bacterial defenses.

6. AMPs, or antimicrobial peptides

By rupturing bacterial membranes, AMPs sourced from natural sources provide an alternative to conventional antibiotics.

7. Modulation of Hydrogen Sulfide (H2S)

According to recent studies, altering the bacterial H2S pathways may increase antibiotic susceptibility, offering a fresh strategy to fight resistance.

8. Combination Treatment

Increasing bacterial susceptibility and decreasing the likelihood of resistance emergence can be achieved by combining several antibiotics or by
employing adjuvant therapy.

9. Drug Discovery Using Artificial Intelligence

By examining massive databases of bacterial resistance trends, Al-driven algorithms are able to forecast novel antibiotic compounds and optimize
treatment plans.

10. Interventions in Public Health

* Surveillance Systems: Tracking patterns of resistance aids in the early identification of epidemics.

* Vaccination programs: By preventing bacterial infections, antibiotic use can be decreased and the emergence of resistance can be slowed

Prospects for the Future and Suggestions :

1. Enhancing the Research and Development Process

Research into novel antibiotics and alternative treatments has to be encouraged by both the public and private sectors. The funding shortfall can be
filled in part through public-private partnerships.

2. Strengthening International Cooperation

Implementing laws that control the use of antibiotics, enhance surveillance, and encourage fair access to efficient therapies requires international
cooperation.

3. Teaching the Public and Medical Professionals

Responsible use of antibiotics can be promoted by increasing knowledge of AR through training initiatives and educational efforts.

4. Developing Technologies for Diagnostics

By creating quick diagnostic tests, medical practitioners can give the appropriate antibiotics and reduce overuse.

5. Examining Alternative Medicine

To provide further tools against resistant bacteria, phage treatment, probiotics, and host-directed medicines should be investigated further.

Conclusion :
AR s still a serious issue that needs immediate attention. Although new antibiotics are required, intriguing alternatives include immuno-antibiotics,
biochemical targeting, and CRISPR-based techniques. To establish sensible antibiotic use, support research, and put appropriate policies into place, a

worldwide effort is needed. Inaction now will have disastrous effects on public health worldwide.
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