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[Abstract] The elimination of biofilms is a crucial step in controlling hospital-acquired infections. Once biofilms
colonize luminal instruments, it is difficult to remove them using traditional disinfection methods. Conventional
disinfection approaches now face a series of challenges, including microbial resistance, corrosiveness, cytotoxicity, residual
disinfection byproducts, and environmental pollution. Therefore, developing novel disinfection technologies specifically
targeting biofilm removal is vitally important. New disinfection technologies, such as slightly acidic electrolyzed water,
plasma technology, surface modification techniques, nanomaterial-based disinfection, bacteriophage disinfection,
and enzymatic disinfection, are constantly emerging. These technologies exhibit excellent performance against biofilms by
leveraging the synergistic effects of multiple mechanisms, including the reactive oxygen species (ROS) burst,
photocatalytic oxidation, physical disruption, and biological targeting. This review summarizes the characteristics,
underlying mechanisms, and potential application scenarios of these novel disinfection technologies, with a particular
focus on their effects against biofilms formed by common pathogenic bacteria on surfaces in hospital settings. It aims to
provide a reference basis for the practical application and translation of these disinfection technologies and the
development of new disinfection strategies.
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Table1 The advantages and disadvantages of several common

disinfection methods

Index NaClO 0O, uv H,0,
Simplicity \ X \ 3
Low cost \/ x X y
Germicidal efficacy V V V X
Residual effect \/ X X X
Disinfection byproducts X v J V
Environmental friendliness X X X V
Corrosiveness X x* \ x*
Irritancy X X X y
Cytotoxicity X X X X
Biofilm penetration ability X v X V
Biofilm drug resistance X — X X

v indicates an advantage; x indicates a challenge/disadvantage; x*
indicates that the method shows a disadvantage at high concentrations; —

indicates that no relevant research is currently available.
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Fig 1 Schematic diagram of the anti-biofilm mechanisms of various new disinfection technologies

QAC: quaternary ammonium compound; CHG: chlorhexidine gluconate; PAA: peracetic acid; PAW: plasma activated water; NPs: nanoparticles; RONS: reactive

oxygen and nitrogen species.
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Table 2 The advantages and disadvantages of new disinfection technologies

Technology Advantages

Disadvantages

Plasma technology High sterilization efficiency

No toxic residue

Nanomaterials High sterilization efficiency

Surface modification

technology Reproducible and renewable

Phages Target specificity
Being environmentally friendly

Low risk of resistance
Natural extracts High biocompatibility
Environmentally friendly and low toxicity

Enzymatic hydrolysis Environmental protection
technology No residue
High efficiency
SAEW High sterilization efficiency

No residual chlorine, low cytotoxicity, and no

corrosiveness

Synergistic enhancement
Reducing drug resistance

Compound disinfectants

Enhancing the penetration of disinfectants

Long-term prevention of biofilm colonization

Unstable active substances
High production cost and energy consumption

Toxicity requires further assessment
High cost

Complex modification process

May negatively affect material mechanical properties
Host specificity limits broad-spectrum application
Sensitivity to environmental conditions

Low concentration may lead to resistance risk
Significant concentration dependence

Complex extraction process and low cost-effectiveness

Sensitivity to the environment
High cost of large-scale production
Limited effect of a single enzyme, and hence combination use is required

Low stability
High dependence on equipment

SAEW: slightly acidic electrolyzed water. — indicates that no relevant research is available.
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