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Figure 1 Research progress of phage therapy. A: The timeline of major events in the history of research on phage and antibiotics (modified version
from the work by Gordillo Altamirano and Barr [11]); B: the major events of phage therapy in agricultural cultivation and aquaculture
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Figure 2 Microecological mechanisms of phage therapy
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Phage therapy for One Health approach: current status,
challenges and opportunities

WEI Zhong', WANG XiaoFang', MA YingFei’, YE Mao’, XU YangChun',
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Center of Resource-saving Fertilizers, National Engineering Research Center for Organic-based Fertilizers, Nanjing 210095, China;

2 Shenzhen Key Laboratory of Synthetic Genomics, Guangdong Provincial Key Laboratory of Synthetic Genomics, CAS Key Laboratory of
Quantitative Engineering Biology, Shenzhen Institute of Synthetic Biology, Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences,
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Globalization is accelerating the planetary-scale transmission of bacterial pathogens among humans, animals, plants and
environmental reservoirs, causing significant threats to public health, food security, environment and economy. Global decline in the
development and availability of effective antibiotics and the rapid rise of antimicrobial resistance has generated renewed interest in
phage therapy: a century-old practice to control bacterial pathogens using their viral parasites. In this paper, we first review the
application of bacteriophages in controlling bacterial pathogens in agriculture, aquaculture and highlight their natural role in terrestrial
and aquatic ecosystems. We then summarize the mechanisms of action of phage therapy: (i) pathogen density control; (ii)
evolutionary steering of pathogen virulence via selection for phage-resistant but slow-growing and avirulent mutants; (iii) indirect
effects on the composition and functioning of the resident microbiomes; and (iv) phage synergies with host immune system. Thirdly,
we discuss the current challenges of phage therapy: (i) the phage specificity and diversity of pathogenic bacteria, which makes it
difficult to design broad-spectrum phage cocktails; (ii) the rapid evolution of phage resistance via receptor modifications and
expression of several anti-phage systems; and (iii) stability and functioning of phages in temporally and spatially varying
environments that could constrain the use of phages in medical, agricultural and biotechnical contexts. Finally, we highlight the
emerging strategies to improve the reliability and success of phage therapy applications.
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