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Antibiotic Resistance is a Clinical Problem

Newborn infant girl with fussiness, 1 day of low-
grade fever.



Antibiotic Resistance is a Clinical Problem

5 year old girl presents with perforated 
appendicitis, intraabdominal abscesses.





Antibiotic Resistance is a Clinical Problem

18 month old girl with fevers and swelling under 
her left arm.
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Antibiotic Resistance is a Clinical Problem

Teenage boy with cystic fibrosis, long history of
lung infections has worsening function, awaits 

transplant.
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Where does antibiotic resistance come from?



Inappropriate use?



Bad doctors?



Where does antibiotic resistance come from?

Was there antibiotic resistance before antibiotics 
were used widely (ca. 1940s)?



Nothing in biology makes sense 
except in the light of evolution.

-Theodosius Dobzhansky (1900-1975)



Antibiotic Resistance
Mechanisms
Transfer of resistance mechanisms

Evolution and Ecology of Antibiotic Resistance
Selective pressure vs. fitness cost
Concept of the pan-microbial resistome
Predicting the evolution of resistance
Strategies to combat the evolution of resistance



Wright GD. Nat Rev Microbiol 2007.



Antibiotic Resistance Mechanisms
Physical barriers



Antibiotic Resistance Mechanisms
Efflux pumps



Antibiotic Resistance Mechanisms
Target modification

PBP, ribosome, DNA gyrase, cell wall

Enzymatic inactivation
β-lactamase



Transfer of Resistance Mechanisms
Mutation (no transfer required)

Transformation

Transduction

Conjugation



Why understanding resistance mechanisms matters:

1. Predicting the future

2. Slowing the progression

3. Intervening intelligently



Bacterial Genomes and Infectious Diseases



-omes

Genome
Transcriptome

Proteome
Metabolome

Microbiome
(Resistome)

Concept of a species or microbial “pan-genome”



Evolution and Ecology of Antibiotic Resistance
Selective pressure vs. fitness cost
Concept of the pan-microbial resistome
Predicting the evolution of resistance
Strategies to combat the evolution of resistance

How does natural selection work?
Variation
Inheritance
Selection
Time
Adaptation
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From “Battling bacterial evolution: The work of Carl Bergstrom”
Understanding Evolution, University of California.
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Selective pressure vs. fitness cost in resistance



How is resistance maintained?

Continued selective pressure?
direct pressure (antibiotics)
co-selection (clusters of genes)

Lack of fitness cost?
compensatory mutations



Rationale for examining the soil resistome

1. Antibiotics are ancient.

2. Antibiotics are made by environmental 
microbes.

3. Resistance is essential for those microbes and 
their neighbors.

4. Resistance can be transmitted from 
environmental microbes to potential pathogens.



precursor genes may have 
important functions in 
environmental survival (efflux 
pumps, ability to use different 
substrates for cell wall)
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Predicting the evolution of resistance



1. Minimize environmental selective pressure
hospital, outpatient, agriculture
vaccination

2. Understand the antibiotic resistome to predict 
future resistance

3. New strategies for antibiotics
specific targeting of virulence factors
targeting of resistance mechanisms
inhibition of mutation and/or stress responses

Strategies to combat the evolution of resistance
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