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 Acute Urinary Tract Infection, 20%-30% will have a 
recurrent infection within 3-4 months. 
 
 

 Clinical chronic infection. 
 

http://newpaper.dahe.cn/dhjkb/html/2013-
03/26/content_868584.htm?div=-1 

Foxman, B. (2002). Epidemiology of urinary tract infections: incidence, morbidity, 
and economic costs. The American journal of medicine, 113(1), 5-13. 



 Bacterial Persisters: a transiently multidrug-tolerant 
subpopulation of  bacteria. 

Lewis, K. (2006). Persister cells, dormancy and infectious disease. Nature Reviews Microbiology, 5(1), 
48-56. 



Grant, S. S., & Hung, D. T. (2013). Persistent bacterial infections, antibiotic tolerance, and the 
oxidative stress response. Virulence, 4(4), 273-283. 



Fauvart, M., De Groote, V. N., & Michiels, J. (2011). Role of persister cells in chronic infections: clinical 
relevance and perspectives on anti-persister therapies. Journal of medical microbiology, 60(6), 699-709. 



 A minor part of a bacterial population (from10-6 to 10-1). 
 

 Multidrug Tolerance. 
 

 Non-heritable phenotypic variation. 
 

 Transient switch.  



TA (Toxin- Antitoxin) modules 
 Main model for the formation of persisters. 

 
 Toxin: non-secreted, inhibits essential cellular functions. 

 
 Antitoxin: normal circumstance, neutralizes the toxin, so 

that bacterial cell growth is unaffected.  
 



Bacterial Persisters- Formation 

Kint, C. I., Verstraeten, N., Fauvart, M., & Michiels, J. (2012). New-found fundamentals of bacterial 
persistence. Trends in microbiology, 20(12), 577-585. 



 Triggers: a variety of environmental conditions. 
 

 Starvation, host environment, indole, quorum sensing, SOS 
response and antibiotics, etc. 



Helaine, S., & Kugelberg, E. (2014). Bacterial persisters: formation, eradication, and experimental 
systems. Trends in microbiology. 



Balaban, N. Q. (2011). Persistence: mechanisms for triggering and enhancing phenotypic variability. 
Current opinion in genetics & development, 21(6), 768-775. 



 Persisters: focus on pathogenic bacteria, and preferably 
those cause recalcitrant infections. 
 

 Persisters: pay attention to the disparity between in vitro 
and in vivo experiments. 



Salmonella infected Macrophages 



Deep-seated mouse thigh infection model. 



Helaine, S., & Kugelberg, E. (2014). Bacterial persisters: formation, eradication, and experimental 
systems. Trends in microbiology. 



Bacterial Persisters- Eradication 
Mathematical modeling:  

       
     1. Periodic dosing of antibiotics. 
      
     2. Prolong treatment with current antibiotics. 



Sugars: led to increased uptake of aminoglycosides.  
 
Weak electrochemical currents and quorum sensing 
inhibitors. 
 
Oxygen: Reactive Oxygen Species (ROS) . 
 
Lytic phages: lyse bacteria when growth is resumed.  



Small molecule compounds: ADEP4 activates and 
corrupts ClpP, results in over 400 various functional 
types of proteins degradation.  



 Persisters may result in the enrichment of multidrug 
resistance bacteria.  
 

 Persisters formation is very complex and under 
multigenic control. 
 

 Persisters formation include bacterial species, host 
environment, and treatment regimens. 



 Design successful drugs. 
    
   1. Metabolite-enabled eradication of bacterial persisters: 

awake or inhibit. 
    
   2. pro-antibiotic: nonspecifically, 
   affect all bacterial cells. 

Lewis, K. (2006). Persister cells, dormancy and infectious 
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