Journal of Research in Microbiology and Immunolo
MANIECH 9y g9y
Publications Volume 2, Issue 2, May-August, 2020

Phage Renaissance: Bacteriophages as Therapeutic Alternatives to
Antibiotics

Dr. Neha Kapoor,
Associate Professor,
Department of Microbiology,
Global Institute of Biosciences, Chennai, India

Email: neha.kapoor@gib.edu.in

Rahul Sen,
Research Fellow,
Department of Biotechnology,
National Institute of Biomedicine, Hyderabad, India

Email: rahul.sen@nibm.ac.in

Abstract

The alarming rise of antibiotic-resistant bacteria has compelled the scientific
community to explore alternative therapeutics. Bacteriophages, viruses that
specifically infect bacteria, have emerged as promising antibacterial agents
capable of targeting multidrug-resistant (MDR) pathogens. Phage therapy
exploits the natural lytic capabilities of phages to destroy pathogenic bacteria
with high specificity, minimizing disruption to beneficial microbiota. This
paper reviews phage biology, infection mechanisms, advantages over
conventional antibiotics, clinical applications, and the challenges faced in
therapeutic implementation. Advancements in genomics, synthetic biology,
and phage engineering are enabling phage therapy to emerge as a critical
strategy in the post-antibiotic era. With proper regulatory frameworks and
clinical validation, bacteriophages have the potential to revolutionize the
management of infectious diseases.
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INTRODUCTION

The rapid emergence of antibiotic-resistant bacterial strains represents a global public health
threat, resulting in significant morbidity, mortality, and economic burden. Pathogens such as
Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli have developed
resistance to multiple antibiotics, leaving clinicians with limited treatment options.
Bacteriophages (phages) are naturally occurring viruses that specifically infect bacteria,

offering a potential solution to combat antibiotic resistance.

First discovered by Frederick Twort (1915) and Félix d’Hérelle (1917), phages were initially
used therapeutically to treat bacterial infections before the discovery of antibiotics. However,
the post-antibiotic era has revived interest in phage therapy as a highly specific, self-
replicating, and safe antibacterial modality. Unlike antibiotics, phages can evolve alongside
their bacterial hosts, potentially overcoming emerging resistance mechanisms. This dual
capacity—specific targeting and evolutionary adaptability—makes phage therapy a

promising alternative in modern medicine.

PHAGE BIOLOGY AND INFECTION MECHANISM

Bacteriophages display immense diversity, typically consisting of a protein capsid that

encapsulates either DNA or RNA. Their infection process begins with the recognition and

adsorption to specific bacterial surface receptors, followed by the injection of the phage
genome into the host cell. Phages follow two principal life cycles:

1. Lytic cycle: The phage hijacks bacterial machinery to replicate progeny virions,
culminating in bacterial cell lysis. This cycle is preferred for therapeutic applications due
to its immediate bactericidal effect.

2. Lysogenic cycle: The phage integrates its genome into the bacterial chromosome as a
prophage, remaining dormant until induced to enter the lytic cycle. Lysogenic phages

may carry virulence genes and are typically unsuitable for therapy.

Table 1. Comparison Of Lytic And Lysogenic Bacteriophage Life Cycles And Their

Relevance In Therapy.

Cycle

Key Feature Therapeutic Implication
Type
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Cycle _ o
Key Feature Therapeutic Implication
Type
Lyti Rapid bacterial lysis and replication of|Direct bactericidal action—preferred
ic
phage progeny for therapy
_|/Integration into host genome, latent|Not ideal—may transfer virulence
Lysogenic

replication genes

ADVANTAGES OF PHAGE THERAPY OVER ANTIBIOTICS
Phage therapy offers several advantages compared to conventional antibiotics:

High specificity: Phages target only specific bacterial species, minimizing damage to the
commensal microbiota.

Self-amplifying effect: Phages replicate at infection sites, sustaining effective therapeutic
concentrations without repeated dosing.

Reduced resistance: Phages co-evolve with bacteria, potentially circumventing
resistance mechanisms.

Safety and environmental sustainability: Phages are natural, biodegradable, and
minimally toxic, reducing ecological impact.

Combination therapy potential: Phages can act synergistically with antibiotics to

enhance bacterial clearance.

These unique characteristics underscore the promise of phages as alternatives or adjuncts to

antibiotics in combating MDR infections.

CLINICAL APPLICATIONS AND CURRENT RESEARCH

Phage therapy has been applied successfully to treat a variety of bacterial infections:

Burn wound infections: Pseudomonas aeruginosa phages such as PAK P1 have
accelerated wound healing and reduced bacterial burden.

Diabetic foot ulcers: Staphylococcus aureus phages like Sa83 have demonstrated
improved recovery rates.

Urinary tract infections: T4-like phages targeting E. coli have achieved significant
bacterial clearance.
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Table 2. Examples of successful bacteriophage applications in clinical infection models.

Clinical Target Phage Used ||Outcome
Burn wound infections (P. Reduced infection and enhanced
_ PAK_P1 _
aeruginosa) healing
Diabetic ulcers (S. aureus) Sa83 Accelerated wound closure
: N : T4-like I . :
Urinary tract infections (E. coli) " Significant reduction in bacterial load
phage

Ongoing research focuses on engineered phages, which are modified to expand host range,
minimize immunogenicity, or deliver antibacterial enzymes. Combination therapies
integrating phages and antibiotics show synergistic effects, enhancing bacterial clearance
while mitigating the development of resistance.

CHALLENGES AND LIMITATIONS

Despite its potential, phage therapy faces several challenges:

e Bacterial resistance to phages: Target bacteria can evolve phage resistance,
necessitating continuous development of new phage preparations.

e Narrow host range: Most phages are highly specific, requiring precise identification of
the pathogen prior to therapy.

e Immune neutralization: Host immune responses can eliminate phages before they act on
bacteria.

e Regulatory and standardization hurdles: Phage therapy lacks standardized production,
quality control, and approval processes compared to antibiotics.

Addressing these limitations requires extensive clinical research, robust regulatory

frameworks, and integration of modern biotechnological tools to optimize phage efficacy and

safety.

CONCLUSION

Bacteriophages represent a natural, precise, and sustainable alternative to antibiotics,
particularly in the era of multidrug-resistant infections. Their ability to target specific
pathogens, self-replicate at infection sites, and co-evolve with bacterial hosts provides a
therapeutic advantage unattainable by conventional antibiotics. While challenges such as

bacterial resistance, immune neutralization, and regulatory hurdles persist, advancements in
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synthetic biology, genomics, and personalized medicine are enhancing phage therapy's
feasibility. With appropriate clinical trials and regulatory oversight, bacteriophages are poised
to play a transformative role in infectious disease management, offering a viable solution in

the post-antibiotic era.
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