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Antimicrobial resistance (AMR): a global health threat

4.71 millions 
deaths associated with 
bacterial AMR in 2021
Since 1990:
+50% deaths in children 
under 5 years
+80% in adults over 70 
years

+56%
resistance in key 
pathogens:
Acinetobacter spp. and 
Klebsiella spp.

+46%
antibiotic consumption
between 2000 and 2018

Browne AJ, et al. Lancet Planet Health. 2021;5(12):e893-e904. 
World Health Organization. Global Antimicrobial Resistance and Use Surveillance System (GLASS) Report: 2022 
Naghavi, M et al. The Lancet, Volume 404, Issue 10459, 1199 - 1226



Antimicrobial resistance (AMR): a global health threat

Adapted from Naghavi et al. The Lancet, Volume 404, Issue 10459, 1199 - 1226

Forecast: 8.22 million (6·85–9·65) deaths associated with AMR in 2050. Highest all-age 
AMR mortality rate: south Asia and Latin America and the Caribbean

Naghavi, M et al. The Lancet, Volume 404, Issue 10459, 1199 - 1226



Antimicrobial resistance (AMR): contributing factors

AMR, antimicrobial resistance.
1. Tang KWK, et al. Br J Biomed Sci. 2023;80:11387.
2. World Health Organization. Antibiotic Resistance Fact Sheet. 2023. https://www.who.int/news-room/fact-
sheets/detail/antibiotic-resistance. 
3. O’Neill J. Rapid diagnostics: Stopping unnecessary use of antibiotics. The review on antimicrobial resistance. 2015.
4. Segala FV, et al. Viruses. 2021;13(11):2110.

COVID-19 healthcare 

disruption and 

antimicrobial overuse 

likely promoted AMR4

Over-prescribing of 

antibiotics1

Patients not 

taking antibiotics as 

prescribed2

Poor hygiene 

and sanitation 

practices2

Poor infection

 control in hospitals 

and clinics2

Lack of rapid 

laboratory 

tests2,3



Antimicrobial resistance (AMR): tools to fight it

New drugs
and 

VACCINES

Improved
diagnostics

Education
Infection
control

Reduce 
resistant

reservoirs

Stewardship
programs

Adapted from Fishman N. Am J Infect Control. 2006;34:S55-S64.



Antimicrobial resistance (AMR): priority pathogens

World Health Organization; 2024. Licence: CC BY-NC-SA 3.0 IGO. 



Antimicrobial resistance (AMR): how can vaccines help?

Direct effect on pathogens transmission and associated antibiotic use in 
vaccinated populations + herd effect in unvaccinated populations

Prevent inappropriate antibiotic prescriptions for viral illnesses

Reduce hospitalizations and antibiotic prescription for secondary bacterial 
infections/hospital acquired infections

2

3

1

Adapted from Kim C et al., BMJ Glob Health 2023;8:e011341



Pneumococcus: resistance mechanisms and epidemiology

Direct effect on pathogens transmission and associated antibiotic use in 
vaccinated populations: PNEUMOCOCCUS1

Multiple mechanisms of resistance: 
- Beta-lactams: structural changes in 

PBPs
- Macrolides: target site modification
- Fluoroquinolones: point mutations 

in topoisomerase/gyrase
- Combined macrolide/beta-lactam 

resistance

ECDC Antimicrobial resistance surveillance in Europe 2023 - 2021 data.pdf

9% combined macrolide+penicillin resistance



Direct effect on pathogens transmission and associated antibiotic use in 
vaccinated populations: PNEUMOCOCCUS1

Johnson CN, Cell Chemical Biology 31, February 15, 2024 

Pneumococcus: model pathogen of 
vaccine-antibiotic resistance interplay

Strategies deployed by pneumococcus under 
vaccines/antibiotics selective pressure include:
• serotype replacement
• serotype switch
• acquired resistance from non-pneumococcal 

streptococci in shared ecological niches



Direct effect on pathogens transmission and associated antibiotic use in 
vaccinated populations: PNEUMOCOCCUS1

J Infect Dis, Volume 226, Issue 2, 15 July 2022, Pages 342–351

2000
PCV7 in children

2012-13
PCV13 in children

Adults at risk

2014-19
PCV13 in ≥65

2021
PCV15/20 in adults

2022-23
PCV15/20 in children

Decrease in rate of non-susceptible invasive 
pneumococcal disease in all age groups
(43.9 to 3.2 among children <5 years and from 19.8 to 
9.4 in adults )

Increase in non-vaccine type infections in all age 
groups, especially in ≥65 years (2.3 to 7.2)
19A after PCV7, 35B, 33F, 22F, and 15A after PCV13 

Expected increase coverage on non-vaccine 
serotypes infections +19% and +34%

Serotype 35B not covered, associated to 
high-level resistance

SEROTYPE REPLACEMENT

SEROTYPE REPLACEMENT?

USA



Prevent inappropriate antibiotic prescriptions for viral illnesses2

Respiratory illnesses: Influenza 

Antimicrob Resist Infect Control. 2023 Jul 14;12:70

Meta-analysis of studies assessing effect of 
influenza vaccine on individual antibiotic 
prescriptions and antibiotic consumption in the 
community, 17 RCTs included

• Up to 84% of patients with viral respiratory 
illnesses are inappropriately prescribed 
antibiotics

• For the 2023-2024 influenza season, ECDC 
reports coverage ranging from 12% to 78% in 
adults ≥65, with only two countries 
exceeding 75% 

https://www.ecdc.europa.eu/en/news-events/increased-flu-and-covid-19-vaccination
coverage-recommended-risk-groups-eueea-ahead



Prevent inappropriate antibiotic prescriptions for viral illnesses2

Respiratory illnesses: SARS-CoV-2

ONTARIO, CANADA: Self-Controlled Risk-Interval Study on adults ≥ 65 years at their 
first, second, and/or third COVID-19 vaccine dose

469 923 vaccine doses included

Higher effect during periods 
with high SARS-CoV-2 
positivity

Jorgensen et al . CID 2024:79 (15 August 2024)



Prevent inappropriate antibiotic prescriptions for viral illnesses2

Respiratory illnesses: RSV?

UK Study with surveillance data from 2015-2018 
associations between weekly counts of general 
practice antibiotic prescriptions and laboratory-
confirmed respiratory infections

2.1% antibiotic prescription attributable to RSV (640,000 
prescriptions/year), mostly in adults ≥ 65 years
Infants 6-23 months had the highest average annual rate at 
6,580 prescriptions per 100,000 individuals Estimating the impact of vaccines in reducing antimicrobial resistance and antibiotic use: 

technical report. Geneva: World Health Organization; 2024. Licence: CC BY-NC-SA 3.0 
IGO.



Reduce hospitalizations and antibiotic prescription for secondary bacterial 
infections/hospital acquired infections

3

COVID-19 hospitalization rates by vaccine status overtime

https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm Weekly / August 13, 2021 / 70(32);1088-
1093

Unlike influenza, prevalence of 
bacterial co/super-infections in 
COVID-19 in low (4–6%)

Despite this, up to 60% of patients 
hospitalized for COVID-19 receive 
antibiotics

Bassetti et al.; Expert Opin Pharmacother. 2023;24(15):1679-1684.



Vaccines as a tool for AMR reduction

• Increase vaccine coverage and improve vaccines already in use
• Invest on research on new vaccines

The report finds that existing vaccines could prevent up to 
106,000 AMR-associated deaths per year, as well as 9.1 million 
disability-adjusted life years (DALYs), USD 861 million in hospital 
costs, and USD 5.9 billion in productivity losses. They could also 
reduce annual antibiotic use by 142 million defined daily 
dosages.

10 October 2024
Technical document

Estimating the impact of vaccines in reducing antimicrobial resistance and antibiotic 
use: technical report. Geneva: World Health Organization; 2024. Licence: CC BY-NC-
SA 3.0 IGO.



Vaccines as a tool for AMR reduction
Recommendations

• Include impact on AMR in vaccine cost-
effectiveness studies 

• Accelerate introduction of typhoid vaccines 
in high-burden countries

• Increase coverage of influenza, rotavirus, 
pneumococcus vaccine

• Reduce price of malaria vaccine to facilitate 
introduction

• Enable and accelerate broad and rapid 
deployment of novel TB vaccines

• Inclusion of AMR endpoints in clinical trials
Estimating the impact of vaccines in reducing antimicrobial resistance and antibiotic 
use: technical report. Geneva: World Health Organization; 2024. Licence: CC BY-NC-
SA 3.0 IGO.

Estimated potential vaccine-preventable 
deaths associated with AMR by infectious 
syndrome and pathogen in 2019
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