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Pneumococcal 
infections, were a 

major cause of 
influenza-
associated 

pneumonia and 
death among both 
military personnel 

and civilians in 
1918–1919
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Vaccines can be effective
Invasive disease caused by Pneumococci in children under two declined in the US post pneumo
vaccination





Numbers above the bars 
represent the percent of 

respondents in each country 
who responded positively to 
the question ‘If a COVID-19 
vaccine is proven safe and 
effective and is available, I 

will take it’. 

Lazarus et al, Nature Medicine volume 27, pages225–228 (2021)



Effect of PCV7 introduction in 2000 on antibiotic prescriptions and 
ambulatory care visits

Zhou et al, Pediatrics 2008



Van Boeckel et al, Lancet Inf Dis, 2014

The flu season is a key driver of antibiotic 
consumption



Influenza in the United States is nearly 
perfectly predicted by antibiotic sales data

Polgreen et al Inf Cont Hosp Epi, 2011













Unlike antivirals, vaccines, etc, the value of effective antibiotics
during a pandemic remains unexplored.

Velasco et al. 
(2012)



Option value: Sensitivity to pandemic hazard rate and 
prevalence of resistant strain



Global antibiotic use 
and resistance, by 
income class 1 

• Variability in per capita antibiotic use 
measured in defined daily doses for 
high-income countries (A) and LMICs 
(B). Weighted average global resistance 
rate for the specified antibiotic-
pathogen combination in high-income 
countries (C) and LMICs (D), using the 
most recent data available for 2012–15 
and based on pooled worldwide 
resistance rates for the disease-causing 
organisms considered by the WHO as 
priority pathogens. DDD=defined daily 
doses. Penicillins (B)=broad spectrum. 
Penicillins (N)=narrow spectrum 



Drug Resistance 
Index across 
countries 2
• Each bar represents the DRI for 
countries reporting antibiotic 
resistance for five or more 
pathogens and 15 or more 
pathogen-antibiotic combinations 
for at least one year between 
2012 and 2015. Data for the most 
recent year are shown. Country 
income classifications were based 
on World Bank analytical 
classifications for fiscal year 2015.



Increases in total 
antibiotic use, 
2000–2015 3
• Total antibiotic use in DDDs per 
1,000 people in (A) West Africa, 
(B) Brazil, (C) China, and (D) Saudi 
Arabia 



Change in the 
national 
consumption of 
Access and Watch 
antibiotics 4

DDDs per 1000 inhabitants (DIDs) 
2000–2015 



Two routes 
by which 

vaccination 
can reduce 

incidence of 
AMR 5



Core 
components of 

the Checklist 
for Hospital 

Antimicrobial 
Stewardship 

Programming 6 



Global 
antimicrobial 
consumption, 
2013–2030 7 

Note: Dotted lines represent the 95% 
uncertainty interval for fish



Increase in 
antimicrobial 
resistance in 

LMICs 8 



Antimicrobial 
consumption 

in food animals 
by 2030 9



Antibiotic 
development 

between 2013 
and 2019 1 
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