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            Key Points

                	
                  Most antibiotic resistance mechanisms are associated with a fitness cost, which is a key biological parameter that influences the development of resistance.

                
	
                  The fitness cost is the main driver of resistance reversibility at the community level. Thus, the bigger the fitness cost, the faster the reversibility.

                
	
                  The rate of reversibility is expected to be slow at the community level because of compensatory evolution, cost-free mutations and genetic co-selection.

                
	
                  Knowledge about fitness costs and compensatory mutations can be used to reduce the likelihood of bacteria developing resistance, by enabling us to choose antibiotics for which the resistance mechanism confers a high fitness cost and the rate and extent of compensation mutations are low.

                
	
                  It may be possible to exploit the detailed knowledge of the physiological basis of fitness costs in the choice and design of novel therapies that could target the physiological weaknesses associated with a particular resistance mechanism.

                
	
                  An understanding of fitness costs and compensatory evolution should allow us to make better quantitative predictions about the rate and trajectory of the evolution of resistance to new and old drugs.

                


              

Abstract
Most antibiotic resistance mechanisms are associated with a fitness cost that is typically observed as a reduced bacterial growth rate. The magnitude of this cost is the main biological parameter that influences the rate of development of resistance, the stability of the resistance and the rate at which the resistance might decrease if antibiotic use were reduced. These findings suggest that the fitness costs of resistance will allow susceptible bacteria to outcompete resistant bacteria if the selective pressure from antibiotics is reduced. Unfortunately, the available data suggest that the rate of reversibility will be slow at the community level. Here, we review the factors that influence the fitness costs of antibiotic resistance, the ways by which bacteria can reduce these costs and the possibility of exploiting them.
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                    Figure 1: Mechanisms of resistance acquisition.[image: ]


Figure 2: Determining fitness of bacterial strains.[image: ]


Figure 3: Relationship between antibiotic resistance and bacterial fitness.[image: ]
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Glossary
	Fitness
	
                  The capability of a genotype or individual to survive and reproduce.

                
	Bypass resistance
	
                  The replacement (bypass) of a metabolic step that is normally inhibited by an antibiotic with a new, drug-resistant metabolic enzyme.

                
	Pharmacokinetic properties
	
                  Characteristics of a drug that include: its mechanisms of absorption and distribution; the rate at which its action begins and the duration of the effect; the chemical changes of the agent in the body; and the effects and routes of excretion of drug metabolites. Often summarized as what the body does to a drug.

                
	Pharmacodynamic properties
	
                  Characteristics of a drug that include: the physiological effects of a drug on the body, on microorganisms or on parasites in or on the body; the mechanisms of drug action; and the relationship between drug concentration and effect. Often summarized as what a drug does to the body.

                
	Selection coefficient
	
                  A measure of the fitness of a phenotype relative to wild type (often denoted s), having a value between 0 and 1. When s = 0, there is no fitness reduction, and when s = 1, the mutation is lethal.

                
	Epistasis
	
                  An interaction between genes such that the effect of one gene is modified by one or several other genes.

                
	Gene conversion
	
                  A recombination event in which one strand of DNA is changed or repaired using information from another strand.

                
	Baseline
	
                  Value for the frequency of resistance before the intervention.

                



Rights and permissions
Reprints and permissions


About this article
Cite this article
Andersson, D., Hughes, D. Antibiotic resistance and its cost: is it possible to reverse resistance?.
                    Nat Rev Microbiol 8, 260â€“271 (2010). https://doi.org/10.1038/nrmicro2319
Download citation
	Published: 08 March 2010

	Issue Date: April 2010

	DOI: https://doi.org/10.1038/nrmicro2319


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Difference analysis and characteristics of incompatibility group plasmid replicons in gram-negative bacteria with different antimicrobial phenotypes in Henan, China
                                    
                                

                            
                                
                                    	Ruyan Chen
	Chenyu Li
	Xiaobing Guo


                                
                                BMC Microbiology (2024)

                            
	
                            
                                
                                    
                                        Compensatory evolution in NusG improves fitness of drug-resistant M. tuberculosis
                                    
                                

                            
                                
                                    	Kathryn A. Eckartt
	Madeleine Delbeau
	Jeremy M. Rock


                                
                                Nature (2024)

                            
	
                            
                                
                                    
                                        Horizontal gene transfer is predicted to overcome the diversity limit of competing microbial species
                                    
                                

                            
                                
                                    	Shiben Zhu
	Juken Hong
	Teng Wang


                                
                                Nature Communications (2024)

                            
	
                            
                                
                                    
                                        Do animal husbandry operations contaminate groundwater sources with antimicrobial resistance: systematic review
                                    
                                

                            
                                
                                    	Cameron Meyer
	Skyler Price
	Ayse Ercumen


                                
                                Environmental Science and Pollution Research (2024)

                            
	
                            
                                
                                    
                                        Preparation of oral nanoemulsion drug delivery system loaded with punicalagin: in vitro antibacterial activity, drug release, and cell safety studies
                                    
                                

                            
                                
                                    	Fei-Fei Shi
	Yu-Juan Mao
	Hai-Feng Yang


                                
                                Macromolecular Research (2024)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Calendars
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Reviews Microbiology (Nat Rev Microbiol)
                
                
    
    
        ISSN 1740-1534 (online)
    
    


                
    
    
        ISSN 1740-1526 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
