
Table S1. Rationale for the effectiveness assignments used in Fig. 3A. This table summarizes the conceptual basis for the effectiveness indicators used 

in Fig. 3A. Assignments were made according to whether a therapeutic strategy directly neutralizes or bypasses the indexed resistance mechanism, 

provides context-dependent or adjunctive benefit without directly reversing the mechanism, or is not expected to confer a consistent direct advantage 

when that mechanism is dominant. The table is intended to support interpretation of the resistance-therapy matching framework and should not be read 

as a prescriptive clinical algorithm. 

 Resistance mechanism 
Brief rationale References Therapeutic 

strategy 
Antibiotic 

inactivation 
Reduced 

drug entry 
Increased 

efflux 
Target 

modification 
β-Lactam/β-
lactamase 
inhibitor 
combinations 

Effectivea Ineffectivec Ineffective Partially 
effectiveb 

Directly addresses inhibitor-susceptible β-
lactamase-mediated hydrolysis, especially 
serine β-lactamases, and therefore 
represents the clearest mechanism-matched 
response when antibiotic inactivation is 
dominant. Does not restore porin-mediated 
uptake or reverse active export, and only 
limited indirect benefit is expected when 
altered target affinity contributes to failure. 

Bush and Bradford (2019); 
Krishnamoorthy et al. (2017); 
Tamma et al. (2024) 

Combination 
antibiotic 
therapy 

Partially 
effective 

Partially 
effective 

Partially 
effective 

Partially 
effective 

Combination regimens may improve 
robustness, broaden coverage, or reduce on-
therapy failure, but they usually do not 
directly reverse the indexed resistance 
mechanism. Benefit is therefore context-
dependent and regimen-specific rather than 
universally mechanism-corrective. 

Krishnamoorthy et al. (2017); 
Paul et al. (2022);  
Tamma et al. (2024) 

Bacteriophage 
therapy 

Effective Effective Effective Effective Phage activity is mechanistically 
orthogonal to canonical antibiotic resistance 
modules. β-lactamase production, efflux, 
porin loss, and antibiotic target mutations 
do not directly impair phage absorption, 
replication, or lytic killing, although 

Sawa et al. (2024);  
Uyttebroek et al. (2022) 



separate phage-resistance may still emerge. 
Antivirulence 
strategies 

Partially 
effective 

Partially 
effective 

Partially 
effective 

Partially 
effective 

Antivirulence strategies generally reduce 
pathogenic fitness, tissue damage, biofilm 
resilience, or host-pathogen interaction 
rather than directly reversing canonical 
resistance determinants. Their value is 
therefore mainly adjunctive and context-
dependent across mechanism classes. 

Fleitas Martinez et al. (2019); 
Liao et al. (2022);  
Ogawara, (2021) 

Microbiome-
based 
interventions 

Partially 
effective 

Partially 
effective 

Partially 
effective 

Partially 
effective 

Microbiome-based interventions act 
ecologically rather than at the level of the 
single-cell resistance determinant. They do 
not reverse hydrolysis, porin loss, efflux, or 
target modification directly, but may reduce 
intestinal reservoir burden, restore 
colonization resistance, lower recurrence 
risk, and reduce transmission of multidrug-
resistant lineages. 

Caballero-Flores et al. (2023); 
Davido et al. (2025) 

Effectiveness assignments are intended as conceptual and relative ratings for Fig. 3A. These assignments are not prescriptive clinical recommendations and do not 
replace organism-specific susceptibility testing, infection-site considerations, severity assessment, or pharmacokinetic/pharmacodynamic optimization. The purpose 
of this table is to clarify the logic underlying Fig. 3A and to reduce overinterpretation of the effectiveness indicators as fixed clinical recommendations. 

aEffective indicates that the strategy directly neutralizes, bypasses, or remains mechanistically orthogonal to the indexed resistance determinant when that 
mechanism is the dominant driver of failure. bPartially effective indicates that benefit is context-dependent or primarily adjunctive, improving regimen robustness, 
bacterial burden, virulence, or ecological control without directly reversing the mechanism itself. cIneffective indicates that no consistent direct benefit is expected 
when the indexed mechanism is dominant. 
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