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Why do we care about AMR?





AMR is an urgent threat

CDC AR Threats, 2019



Why do we care about AMR?

• Increased cost of treatment
• Increased morbidity / mortality from resistant pathogens
• Increased morbidity / mortality from treatment of resistant pathogens



Mortality rates of staphylococcal bacteremia over time

Dancer SJ JAC 2008





Gonorrhea therapy in the pre-antibiotic era





Strategies to address 
antimicrobial resistance



Strategies to address 
antimicrobial resistance

Don’t use antimicrobials



Relationship between antibiotic use and resistance

H. Goossens et al., Lancet 2005



S. pneumoniae macrolide non-susceptibility in the US, 2014

Olesen et al., 
eLife 2018



Across 72 antibiotic-
bacteria pairs in the 
US, most correlations 
are positive

Olesen et al., eLife, 2018



MRSA = methicillin-resistant Staphylococcus aureus
VRE = vancomycin-resistant Enterococcus
FQRP = fluoroquinolone-resistant Pseudomonas aeruginosa

IDSA report, “Bad bugs, no drugs”, 2004

Expectation that resistance increases over time



But sometimes resistant lineages decline

Dantes et al., JAMA Intern Med 2013



Resistant lineages decline across settings

Jones et al., MMWR 2019



Antibiotic use and resistance: 
the importance of bystander selection
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Tedijanto et al., PNAS 2019

Estimating the 
proportion of 
bystander selection 
for AMR in the US 

Proportion of antibiotic 
exposures in a species that 
are due to treatments they 
did not trigger



Tedijanto et al., PNAS 2019

Estimating the 
proportion of 
bystander selection 
for AMR in the US 

What antibiotics are used for 
which infections?

Which bacteria cause the 
infections?

What is the carriage 
prevalence of these 
bacteria?

Proportion of antibiotic 
exposures in a species that 
are due to treatments they 
did not trigger



Tedijanto et al., PNAS 2019

Estimating the proportion of bystander selection 
for AMR in the US 



What’s your antibiotic use?

Olesen, MacFadden, Grad, NEJM 2019



What’s your antibiotic use?

Olesen, MacFadden, Grad, NEJM 2019



What’s your antibiotic use?



Prescribing varies geographically and temporally

Kissler et al., CID 2020



Olesen et al., eLife, 2018

What is the distribution of outpatient antibiotic use?

10% of the 
population uses 
57% of the 
antibiotics



Blue Cross Blue Shield (2017)

Antibiotic use has been declining across the US



17% decrease

Antibiotic use has been declining in Massachusetts, too

Klevens et al., OFID 2019



What’s driving the decline in prescribing?

Kissler, et al., Clinical Infectious Diseases 2020



Most of the decline is in wintertime pediatric prescribing

Kissler et al., CID 2020





Comparing improved stewardship vs. reduced observed disease

Kissler et al., CID 2020



Rates of infectious disease in the US declined 
starting around 2010

Kissler et al., CID 2020



Rates of infectious disease in the US declined starting around 2010

Pilishvili 2018



Strategies to reduce antibiotic use

• Address inappropriate use
• Accurate (ideally cheap) diagnostics
• Antibiotic stewardship

• Disease prevention
• Access to clean water and sanitation (e.g., typhoid, cholera)
• Vaccination



Vaccines to control AMR
Vaccinate 
individual

Prevent 
infection

Prevent primary + 
acquired 
resistance

Herd 
immunity



A case prevented is a case that can’t fail treatment

Kyaw et al. 2006 NEJM



Vaccines to control AMR
Vaccinate 
individual

Prevent 
infection

Prevent primary + 
acquired 
resistance

Herd 
immunity

Reduce 
bystander 
selection

Avoid Rx

Reduce 
selection for 
resistance



Vaccines prevent need for treatment

• Both appropriate (bacterial infection) and inappropriate (viral 
infection) treatment

• Impact on both…
1. target organism (vaccines for bacteria), and
2. bystander organisms (nearly all vaccines, bacterial and viral)



Flu vaccine: prevent (mostly) inappropriate 
prescribing 

Increasing influenza vaccine coverage in Ontario associated with 
disproportionate decline in antibiotic prescriptions  

Kwong et al. CID 2009



Vaccines to control AMR
Vaccinate 
individual

Prevent 
infection

Prevent primary + 
acquired 
resistance

Herd 
immunity

Reduce 
bystander 
selection

Avoid Rx

Reduce 
selection for 
resistance

Vaccine preferentially effective 
vs. resistant strains



PCV temporarily reduced penicillin/cephalosporin resistance

Lee et al.  Pediatrics 2017

Nonsusceptibility in carriage isolates of S. pneumoniae, <7year olds, MA, USA



Vaccines to control AMR
Vaccinate 
individual

Prevent 
infection

Prevent primary + 
acquired 
resistance

Herd 
immunity

Reduce 
bystander 
selection

Avoid Rx

Reduce 
selection for 
resistance

Vaccine preferentially effective 
vs. resistant strains

Prevent conditions leading to future 
infections



Hypothesis: early pneumococcal otitis media predisposes 
to future otitis media from multiple species

Dagan et al. Lancet ID 2016



Pneumococcal conjugate vaccination associated with 
reduced nonpneumococcal otitis media

Ben-Shimol et al. CID 2016



Recent vaccines that may help address AMR

• RSV vaccines
• Typhoid vaccines 
• Malaria vaccines: RTS,S and R21/Matrix-M



New vaccines on the horizon
that may help address AMR

• Improved influenza vaccines
• Nosocomial infection vaccines: 

- S. aureus
- C. difficile
- P. aeruginosa 
- Candida

• Others
- Shigella, non-typeable H. influenzae
- N. gonorrhoeae
- Recurrent UTIs





Vaccines to control AMR: 
Pros

• Alignment of incentives
- Public health: Prevent disease, prevent resistant disease, reduce antibiotic use
- Economic: Selling a good and a service, rather than restricting (stewardship) 

• Herd immunity: amplify protection beyond the recipients
• Evidence for morbidity/mortality benefits of vaccines are clearer than evidence 

for stewardship
• Scaleup of stewardship is challenging 
• Vaccines usually more “resistance-proof” than antibiotics
• Vaccines lower R&D barrier than new antibiotics?

J Sevilla et al. PNAS 2018



Vaccines to control AMR: 
Cons

• Cost of vaccines and distribution vs. potential savings from stewardship
• Challenging regulatory path for vaccines against highly resistant pathogens which 

are rare and infect very sick, hospitalized patients
• Stewardship and innovation in antibiotic development can affect many pathogens 

vs. single-pathogen vaccines
• Relatedly, we will always need innovative antibiotics to treat infections not 

prevented by vaccines
• Vaccines could fuel compensatory risk behavior (worse hygiene, postponing 

sanitation innovations, risky sexual behavior) that could spread other infections
• Quantifying AMR effects of vaccines difficult

- But similar challenges for stewardship and innovation!

J Sevilla et al. PNAS 2018





Thank you!
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