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Loss of Activity by Bacterial 
Resistance  Is a Unique Feature 

of Antimicrobial Drugs

ÅIn contrast to most other classes of drugs, 
antibiotics often lose activity over time as they 
are used in clinical practice

ÅThe exposure of bacteria to antibiotics during 
treatment may lead to selection of resistant 
strains that will no longer respond to the same 
and other antibiotics



Loss of Activity/Efficacy by Bacterial Resistance 
Can Spread Among Bacteria 

and Among Patients 

ÅAntibiotic resistance can be transferred to 
susceptible bacteria to make them resistant 
(the genetics of resistance will be discussed 
later) 

ÅResistant bacteria can be transferred from 
patient to patient (clonal spread)



The Emergence, Selection, and Spread of 
Antibiotic Resistance Raise Unique 
Community/Public Health Issues 

ÅTherefore, we should be concerned not only 
about the patient whom we are treating now, 
but also about the impact of drug resistance 
for other patients, current and future



Consequences of Antibiotic Resistance

ÅInfections with resistant organisms may 
necessitate therapy with alternative agents  
that may be more expensive, more toxic, or 
inconvenient to use

ÅIn the worst-case scenario, acquired resistance 
may produce a virtually untreatable pathogen



Emergence, Selection and Spread 
of Antimicrobial Resistance

ÅMutational development of resistance (endogenous)

ÅEnhanced expression of existing endogenous resistance 

ÅAcquisition of antibiotic resistance genes genetically 
(exogenous) (by means to be discussed by Dr. Ron) 

ÅSelection of resistant organisms by exposure to antibiotics
ïEspecially intense in hospitals, particularly in ICUs, and in nursing homes 

ÅHorizontal spread of resistant organisms within a hospital

ÅImportation of resistant organisms from other hospitals, 
nursing homes, and the community 
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Introduction of Antibiotics into Therapy and 
Emergence of Resistance

Baquero et al, Antimicrob Drug Resistance, ed. Mayers et al, p. 9, Humana, 2009. 



Emergence and Selection May Be 
Much More Complicated in Nature

ÅSubinhibitory concentrations of abx may have 
multiple effects (e.g., inducing biofilm formation), 
and may act as signaling molecules that regulate the 
homeostasis of microbial communities, thereby in 
some cases enhancing the inhibitory effects but in 
other cases producing phenotypic tolerance 

ÅSome strains are hypermutable (often because of 
defective repair mechanisms); for example, strains of 
P. aeruginosachronically infecting lungs of cystic 
fibrosis patients  



Antibiotics at Low Concentrations 
Can Increase the General Mutation Rate

Å±ŀǊƛƻǳǎ ōŀŎǘŜǊƛŎƛŘŀƭ ŀƎŜƴǘǎΣ ǎǳŎƘ ŀǎ ʲ-lactams, 
fluoroquinolones, and aminoglycosides can induce 
error-prone repair systems (both SOS- and non-SOS-), 
leading to increased rates of mutation

ÅSuch antibiotics can also stimulate bacteria to produce 
reactive oxygen species (ROS), which can directly 
damage DNA and can indirectly activate error-prone 
repair mechanisms.  In this way, sublethal 
concentrations of abx can lead to multidrug resistance.   

Baquero et al, Antimicrob Drug Resistance, ed. Mayers et al, p. 9, Humana, 2009. 
Kohanski et al, Molecular Cell 37:311, 2010.



Increase of Mutation Rate by Growth of E. coli 
in SublethalConcentrations of Drugs

Kohanski et al, Molecular Cell 37:311, 2010.



Increased Mutation Rate Can Result 
in Cross- (Multidrug-) Resistance

ÅFollowing growth in subinhibitory ampicillin for 5 days, 
E. coliwas plated separately onto inhibitory 
concentrations of norfloxacin, ampicillin, kanamycin, 
tetracycline, and chloramphenicol 

ÅMutants that grew out on one drug were replica plated 
onto each of the other drugs

ÅThe vast majority of mutants grew on more than one of 
the agents, whereas mutants from cultures incubated 
without ampicillin had virtually no cross-resistance 

Kohanski et al, Molecular Cell 37:311, 2010.



Fitness Costs of Antibiotic Resistance

ÅResistance mechanisms may be critical to survival in the 
presence of antibiotics, but in some cases they may 
impose a real cost in fitness of the resistant strains by 
compromising a critical cellular function

ïCompensatory mutations directly or indirectly may improve the 
impaired function or replace it with a newly acquired function

ÅThe burden of maintaining a mobile genetic element 
bearing a resistance gene may be compensated by the 
function of other resistance genes also present

ÅExamples of fitness costs will be discussed with particular 
antibiotics 

Baquero et al, Antimicrob Drug Resistance, ed. Mayers et al, p. 9, Humana, 2009.



Increased Use of an Antibiotic (Increased 
Selective Pressure) Really Can Lead to 

Increased Resistance 

ÅPreference for amikacin over gentamicin and 
tobramycin in Japan led to so much resistance to 
amikacin there that Schering developed 
isepamicin, which has activity against many 
amikacin-resistant strains, specifically for the 
Japanese market 

ÅIn contrast, in the U.S. gentamicin and 
tobramycin are preferred, and rates of resistance 
to amikacin in the U.S. have remained low 



Antimicrobial Prophylaxis and Carriage 
of Penicillin-Resistant S. pneumoniae

Brook, Clin Infect Dis 22, 143, 1996
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Effect of Outpatient Macrolide Use on Rates 
of Macrolide-Resistant S. pneumoniae

Albrich et al, Emerg Infect Dis 10, 514, 2004



Fluoroquinolone Prescriptions and 
Fluoroquinolone Resistance in S. pneumoniae

(Cipro. MIC >4 mg/ml) Canada (1988-1998)

Age 15-64
Age >64

Chen et al, N Engl J Med 341, 233, 1999



National Fluoroquinolone Usage and Resistance 

Rates in P. aeruginosa and Gram -Negative Bacilli
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77 to 117 ICUs/year in 43 states.

Neuhauser et al, JAMA 2003; 289(7):885-8.



Effect of Antibiotic Prescribing in Primary Care 
on Antimicrobial Resistance 

in Individual Patients 

ÅSystematic review and meta-analyses of multiple 
studies, correlating observed resistance with history 
of prior antibiotic exposure 

ÅFor both UTIs and respiratory infections, the 
likelihood of resistance in isolates was greater in 
patients who had been treated previously with 
antibiotics of the same class

ïThe effects were greatest within one month of prior 
exposure, but detectable effects were found for up to 12 
months

Costelloe, et al, Brit Med J 2010;340:c2096.



Basic Mechanisms of Resistance

ÅAlteration of a drug target by mutation or by enzymatic 
activity so that it is thereby poorly bound by the drug; or 
production of a new target that is not affected by the 
drug to replace the inactivated target
ïEnzyme (e.g., PBPs, SMX, TMP, rifampin) 

ïStructural component of a functional unit (e.g., ribosomal RNA 
or protein)

ïPrecursor of a structural component (e.g., vancomycin target) 

ÅReduced access of the drug to the target 
ïImpaired penetration ςcan sometimes overcome with čdose
ÅBarriers to passive diffusion (e.g., alterations of porin proteins) 

ÅReduction of active uptake (e.g., loss of oxidative coupling to energize 
uptake of AGs across the cytoplasmic membrane) 

ïActive efflux out of the cell (e.g., tetracyclines, quinolones)  



Basic Mechanisms of Resistance (2)

ÅEnzymatic inactivation of the drug (e.g., ̡ -
lactamases, AG-modifying enzymes, 
chloramphenicol acetyltransferase) ςgenerally 
very efficient and thus difficult to overcome 
with higher drug concentrations 

ÅImpairment of drug activation (e.g., INH, 
pyrazinamide)  


