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Abstract: The rapid emergence of antimicrobial resistance (AMR) poses a significant threat to global public health,
rendering conventional broad-spectrum antibiotics increasingly ineffective against multidrug-resistant (MDR) bacterial
pathogens. This review investigates the potential of bacteriophage therapy as a targeted therapeutic alternative to combat
resistant infections. Unlike traditional antibiotics, which often disrupt the host’s commensal microflora, bacteriophages
exhibit high specificity toward target bacterial strains. We examine the biological mechanisms of phage-host interactions,
including the lytic cycle, and evaluate the advantages of utilizing phage cocktails over monotherapy to prevent the rapid
development of phage resistance. Furthermore, the integration of computational tools and bioinformatics platforms—
such as PHASTER—in identifying prophage sequences and optimizing therapeutic efficacy is discussed. While
bacteriophage therapy presents a promising avenue for personalized medicine, challenges related to pharmacokinetics,
bacterial resistance mechanisms, and regulatory frameworks must be addressed. Ultimately, this paper highlights the
necessity of continued research and clinical trials to establish bacteriophage therapy as a safe and viable strategy in the
modern management of AMR.

1. INTRODUCTION

The discovery of penicillin in 1928 revolutionized modern medicine, but the overuse and misuse of broad-spectrum
antibiotics have accelerated the global crisis of antimicrobial resistance (AMR). According to the World Health
Organization (WHO), AMR is one of the top global public health and development threats. Pathogens such as
Staphylococcus aureus and Pseudomonas aeruginosa have developed resistance to multiple drug classes, resulting in
difficult-to-treat infections.

Conventional antibiotics act indiscriminately, eliminating both the pathogenic bacteria and the beneficial commensal
microflora, often leading to secondary infections or dysbiosis. To overcome these limitations, bacteriophage therapy has
re-emerged as a highly targeted alternative. Bacteriophages (phages) are viruses that specifically infect and lyse bacterial
cells without harming the host's normal flora or eukaryotic cells. This review explores the mechanisms, applications, and
challenges of bacteriophages in clinical settings.

2. BIOLOGICAL MECHANISMS OF PHAGE-HOST INTERACTIONS

Bacteriophages are highly specific to particular bacterial strains, often down to the species or even serotype level. The
therapeutic efficacy of phages depends heavily on their life cycle:
® The Lytic Cycle: For therapeutic purposes, obligate lytic phages are preferred. After attaching to specific
receptors on the bacterial surface, the phage injects its genetic material. It uses the host’s cellular machinery to
replicate, assemble new virions, and finally lyse the bacterial cell, releasing progeny phages to infect surrounding
pathogens.
® Avoiding Dysbiosis: Because of their specificity, phages leave the host microbiome intact, drastically reducing
the risk of antibiotic-associated complications such as Clostridioides difficile infections.

3. BIOINFORMATICS TOOLS IN PHAGE THERAPY

The advancement of modern biotechnology relies heavily on computational biology to design effective phage cocktails.
A critical tool in this domain is PHASTER (PHAge Search Tool Enhanced Release).
® Prophage Identification: PHASTER allows researchers to rapidly identify, annotate, and screen prophage
sequences within bacterial genomes.
® Cocktail Formulation: By analyzing the genomic data of isolated phages, researchers can combine phages with
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different receptor-binding proteins (RBPs) to create cocktails that prevent the rapid emergence of phage

resistance.
4. COMPARISON OF ANTIBIOTIC VS. BACTERIOPHAGE THERAPY
Feature Traditional Antibiotics Bacteriophage Therapy
Specificity Broad-spectrum; targets beneficiall[High; specific to target strains
flora
Resistance High rate of evolution Mitigated using phage cocktails
Microbiome Impact Causes dysbiosis and secondary|Leaves host microbiome intact
infections

5. CHALLENGES AND LIMITATIONS

Despite its immense potential, translating phage therapy from laboratory to clinical practice faces several hurdles:
® Bacterial Resistance: Bacteria continuously evolve defense mechanisms, such as abortive infection systems,
restriction-modification systems, and CRISPR-Cas.
® Pharmacokinetics: Phages are foreign entities; the host's immune system (reticuloendothelial system) may clear
them from the bloodstream before they reach the infection site.
® Regulatory Frameworks: Because phage preparations are biological and dynamic (they mutate over time),
existing regulatory guidelines designed for standard, chemically defined antibiotics are often inadequate.

6. CONCLUSION

Bacteriophage therapy represents a paradigm shift in the fight against antimicrobial resistance. While computational tools
like PHASTER simplify the selection of effective phages, extensive clinical trials are required to standardize delivery
systems and overcome pharmacokinetic limitations. Continued research into precision medicine will allow
bacteriophages to serve as a vital component of future healthcare systems.
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