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“Rebecca’s death has changed me, has changed all of us. Once I believed that 
the dangers that were out there would stay out there. That modern medicine can 
avert these dangers. I no longer have the confidence in medicine that I did. I 
believe we have made great advances, that there are cures to be had, but I’ve 
watched the dismay in the faces of doctors who are supposed to be the best in 
their field as they told me they didn’t have any more “cures in their bag.”

And I know that it truly is a PRACTICE of medicine, not a finished product.”

Rebecca Lohsen
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Evolution in 
Action 1.
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WHO (2006):  Drugs eventually undermined by pathogen evolution

Requires open-ended drug discovery pipeline

Hyde 2005, Read and Huijben 2009
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Evolution in Action 2.  Malaria drugs



Daptomycin and Vancomycin-Resistant Enterococcus (VRE)

Evolution in Action 3.  A US hospital



Initial value
Corrected for testing method

Blood stream VRE: daptomycin resistance



How serious is the problem?

CDC estimate: 
23,000 Americans die each year from resistant infections



http://www.reuters.com/investigates/special-report/usa-uncounted-surveillance/

State health departments that count deaths due to the seven most prevalent infections



Deaths due to resistant 
bacteria
(2003-2014)

State counts
vs
Death Certificates



How serious is the problem?

CDC estimate: 
23,000 Americans die each year from resistant infections

Possible upper bound: 100,000



“Two forces at work:
• Scientists and pharma failing to 

develop new drugs to keep pace 
with failing drugs

• Excessive and improper use of 
existing drugs by doctors, 
patients, farmers”

Solutions:
• Drug discovery
• Reduce antibiotic use in livestock
• Consumers: vaccines
• Doctors and nurses: hygiene
• Regulate and educate doctors 



How to treat patients when patient 
treatment causes resistance?



Left ventricular assist device

A patient

Robert J. Woods 
PhD MD

U of Michigan
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Woods & Read (2015) Evolution, Medicine and Public Health

bold = i.v. drugs

What 
now?

MRSA Enterobacter



Woods & Read (2015) Evolution, Medicine and Public Health

What now?
Choice of drug(s), dose, infusion time, dosing frequency
One regimen until it fails, then switch or fixed rotation of regimens?
Only treat reactively?

‘Simplify’ the problem: choice of drug

Options for resistance 
management:

1. Impact origin 
(transmission, mutation, 
HGT)

2.  Impact expansion



Woods & Read (2015) Evolution, Medicine and Public Health

1. Continue meropenem until that fails, switch to cefepime

2. Switch back to cefepime until that fails, then switch to meropenem

3. Combination therapy, meropenem and cefepime

4. Combination therapy, meropenem or cefepime + levo or cipro

5. Short duration with gentamicin or colistin

What now?
Choice of drug

Option 1 is standard practice, so.....
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bold = i.v. drugs

MRSA Enterobacter



How to treat patients when patient 
treatment causes resistance?

Options for resistance 
management:

1. Impact origin 
(transmission, mutation, 
HGT)

2.  Impact expansion



Read, Huijben, Day 2011 PNAS, Huijben et al. PLoS Pathogens 2013,  Day, Read PLoS Comp Biol 2016



Cure or containment?
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Take home messages
The problem is big, but we don’t really know how big

Science of antibiotic stewardship is just beginning

New approaches to patient treatment are coming

New opportunities for pharma 
- drugs for containment not cure

- evolution-proofing compounds

Drug resistance is a hard problem. 
But it is not the hardest problem facing 

humanity – so long as we tackle it.


