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Abstract

Microbial contamination of water and the increasing emergence of
antibiotic-resistant bacteria have posed unprecedented challenges to
global public health. Current water treatment methods, despite their
advantages, face limitations such as the production of harmful
byproducts and reduced efficacy against antibiotic-resistant strains.
In the alarming situation of increasing antibiotic resistance,
bacteriophages (phages) serve as a powerful line of defense and a
vital alternative. Bacteriophages are viruses that have a protein core
with a nucleic acid called a capsid and a thin, fiber-like tail. Phage
proteins bind to specific receptors on the surface of target bacteria,
conferring high specificity to them. Some phages have a broad host
range and can recognize multiple receptors on different bacterial
species and genera. This review examines the potential of
bacteriophages as an alternative to antibiotics and a complement to
traditional water treatment methods. This systematic review
collected and analyzed research from the past 15 years sourced from
reputable scientific databases. The extracted data were categorized
and analyzed based on the applications of bacteriophages in
wastewater treatment. According to the findings, key advantages of
phages include high specificity (precise targeting of pathogens
without harming beneficial flora), ability to self-replicate in the
presence of the host, ability to destroy biofilms and affect antibiotic-
resistant bacteria, making them a powerful tool in combating the
microbial resistance crisis. The ultimate conclusion of this review is
that, despite existing barriers, the transition from purely chemical
methods towards "phage therapy" in water treatment is not merely a
possibility but an increasing necessity for ensuring water safety in
the age of antibiotic resistance. Future advances in phage
engineering and the development of smart phage cocktails will
facilitate the operational implementation of this strategy on an
industrial scale.

Keywords: Bacteriophage, Water Treatment, Antibiotic Resistance,
Biofilm, Water Disinfection.
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