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Antimicrobial resistance (AMR): a global health threat

4.71 millions +56%
deaths associated with resistance in key
bacterial AMR in 2021 pathogens:

Since 1990 Acinetobacter spp. and
' Klebsiell .
+50% deaths in children A ebsiella spp
under 5 years SN
0
+80% in adults over 70 +46%

antibiotic consumption

years
between 2000 and 2018

Browne AJ, et al. Lancet Planet Hea 021;5(12):e893-e904.
World Health Organization. Global Anti ial Resistance and Use Surveillance System (GLASS) Report: 2022
Naghavi, M et al. The Lancet, Volume 404, Issue 10459, 1199 - 1226
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~_ Antimicrobial resistance (AMR): a ealth threat

Attributable AMR death rate, all ages, 1990

Mortality rate
<3 C18to<21
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12to<15 El=30
[15t0 <18

Eastern
West Africa Mediterranear|

I

Northern Europe

ICaribbean and Central America

Forecast: 8.22 milli -65) deaths associated with AMR in 2050. Highest all-age

AMR mortalit e: south Asia and Latin America and the Caribbean
Naghavi, M et al. The Lancet, Volume 404, Issue 10459, 1199 - 1226
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Antimicrobial resistance (AMR): contributing factors

Patients not
S taking antibiotics as
) prescribed?

Over-prescribing of ®
antibiotics?

Q Unnecessary
C’ antibiotics used
in agriculture’

AMR, antimicrobialresistance.
1. Tang KWK, et al. Br J Biomed Sci. 2023;80:11387.

Poor infection
control in hospitals
andgelinics?

Lack of rapid
laboratory
tests?3

Poor hygiene
and sanitation
practices?

COVID-19 healthcare
disruption and
antimicrobial overuse
likely promoted AMR*

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: Stoppingunnecessary use of antibiotics. The review on antimicrobial resistance. 2015.

4. Segala FV, et al. Viruses. 2021;13(11):2910:
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- Antimicrobial resistance (AM lﬂl?oﬂs to fight it

Improved
diagnostics

Adapted from Fishman N. Am J Infect Control. 2006;34:S55-S64.
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Antimicrobial resistance (AMR): priori thogens

Critical group High group

Enterobacterales

carbapenem-resistant

/i\ Group A

| Streptococci

Enterobacterales

third-generation
cephalosporin-resistant

Acinetobacter
& baumannii

carbapenem-resistant

’ ™~ "
/" | Streptococcus
| pneumoniae
N
macrolide-resistant

//\ Haemophilus

influenzae

/ ampicillin-resistant

\ Group B
%QI | Streptococci

— penicillin-resistant

Jomycin-resistant

Pseudomonas
aeruginosa

carbapenem-resistant

Non-typhoidal
Salmonella

fluoroguinolone-resistant

I Mycobacterium
tuberculosis,
\ rifampici

—
TesiStant: fluoroquinolone-resistant

Staphylococcus
aureus

methicillin-resistant

Nelsseria
gonorrhoeae
third-generation
cephalosporin,and/or

an adapted MCDA m:

World Health Organization; 2024. Licence: CC BY-NC-SA 3.0
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Antimicrobial resistance (AMR): how ca ccines help?

L\

Direct effect on pathogens transmissior and acsociated antibiotic use in
vaccinated populations + herd effect in tinvaccinated populations

alb-

Prevent inappropriate an. hic “ic prescriptions for viral illnesses

\'

AN
Yeduce hospitalizariori= and antibiotic prescription for secondary bacterial
‘ntcctions/hospital acquired infections

N\

3

Adapted from Kim C et al., BMJ Glob Health 2023;8:e01134




Multiple mechanisms of resistance:
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direct effect on pathogens transmission and associaiza cintibiotic use in
vaccinated populations: PNEUMOCOCC_US

e

Beta-lactams: structural changes in
PBPs ¢
Macrolides: target site modificat
Fluoroquinolones: point mu;ati

in topoisomerase/gyrase

Combined macrolide/b xn
resistance

I Luxembourg
= Malta

9% combined macrolide+penicillin resistance

i 44
i [

ECDC Antimicrobial resistance surveillance in Europe 2023 - 2021 data.
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Nirect effect on pathogens transmission and a<sociai~d antibiotic use in
vaccinated populations: PNELIMOCOCCUS

Vaccine = Selection for non-

modification ~ vaccine serotypes antibiotics selective pressure include:
- w .
S (s erotype switch

\ acquired resistance from non-pneumococcal
streptococci in shared ecological niches

Increase in
antibiotic resistance

~.

Johnson CN, Cell Chemical Biology 31, February 15, 202
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direct effect on pathogens transmission and associaiza cintibiotic use in
vaccinated populations: PNEUMOCOCLUS

USA

ren Decrease inrate of non-susceptible invasive
pneumococcal disease in all age groups

(43.9to 3.2 among children <5 years and from 19.8 to
9.4 in adults)

ldren SEROTYPE REPLACIiME )

isk

C
)

,,,,I'lllln- ||I \Illlllllllllllllll.__ =

PO P EFIF A E N I IS TEIIT NP P AT o RNCCRS

Increase in non-vaccine type infe

Serotype

®Nonsusceptible = Susceptible

IPD Cases per 100,000

04 t .
2
02
5 ... l HITTTT -

FrERLCFFOFEL NI ITIIF CFITIL ST II PP OF IS

Serotype

mNon-susceptible Susceptible

JInfect Dis, Volume 226, Issue 2, 15 July 2022, Pages 342-351
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Prevent inappropriate antibiotic prescriptic~s fc -v. 2lillnesses

Ratio of means (95% Cl)

* Up to 84% of patients with viral respirator
illnesses are inappropriately prescribed

0.69 (0.56-0.85) —.—
antibiotics i —
0.89 (0.50-1.60) ——
* Forthe 2023-2024 influenza season, EC Marchisio, 2009 057 (0.45:0.72) ——
reports coverage ran gl ng from 12% t¢ Subtotal (I-squared = 12.8%) 0.63 (0.54-0.73) @
adults 265, with only two countrj WHO Rusghortof e Amices
. o ‘ Nichol, 1999 0.72 (0.62-0.83) HH
exceedin g 75% Hoberman, 2003 1.06 (0.88-1.27) -—
Met vsi f studi . \( t of Subtotal (I-squared = 90.4%) 0.87 (0.60-1.27) P
eta-anhatysis ot studies as ecto
. . . . . . WHO Western Pacific Region
influenza vaccine on individu ntibiotic a0, 2011 068(064.073) -
prescriptions and an ohsumption in the  subtotal (-squared =) 085 0.040.13) '
Community, 17 RC i ummary 0.71 (0.62-0.83) [

025 o050 10 29
https://www.ecdc.europa.eu/en/news-events/increased-flu-and-covid-19-vaccin:

Antimicrob Resist Infect Control. 2023 Jul 14;12:70 coverage-recommended-risk-groups-eueea-ahead
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Prevent inappropriate antibiotic prescript. ons for viral illnesses

~ ™\
Pre-vaccination {control) WVaccine administration  Post-vaccination (risk) I _— . . ( A ’ - \
: e Antibiatic Pre-Vaccination {Contraol) Unadjusted OR Adjustec OR Adjusted Risk Difference Per 10000
interval (Index: deic) lerval Group Interval® {85% Cll {95% CIf* Viaccine Doses ({85% CIf°
-+ L + L All antibiotics
a2idm lddaw T4l 28 ey Al doses 239647469 923 (51.0%) 961 (956966 573 (968-978) g {711}
Doss 1 790281156 177 (50.6%) 976 (567-.586) 583 (873-.993) 6 i2-g
. . s 2 TTIHMMGT 082 (@8.1%)  1.037 (1.027-1.047)  1.010 | 584-1.026) -3 (-8-3)
469 923 vaccine dOSGS |nCl.Ud( 583 B3 498/156 654 (53.3%) _B76 (867 B3E 508 Ba7-921) 34 {30-29)
Res
Alld §75R/Z5T 812 [MBB%) 132 054/257 B12 (51.2%) 852 (345553 561 | 953-.566) 7 16-3]
1 1 1 A1 BO2/BA 122 148.7%) 42 3R0/54 122 (50.3%) 988(974-1.000 590 [.980-1.007) 1-1-4)
H Igh er effe Ct d urin g p erio d 41 617/B3 081 {50.1%) 41 464/B3 081 [W8.9%)  1.004 (550-1.017) 597 | 8R3-1.013) 1(-2-3)
: . A7 33500 609 ME.T%) A8 F70/30 60% (53.3%) 877 [ BE5-BAS 898 {BB5-911) 237 {20-25)
ele e Al doses TATOTAG0A3 49.7%) 80 724/160 431 (50.3%) L8987 (578857 596 | 887-1.006) 0i-1-2)
pOS |t|V|ty Dossa 1 26491/63 337 48.7%) 26 816/53 337 (50.3%) L8987 (.870-1.004] 588 | 873-1.008 1{-1-3)
Dosea 2 8 672/64 675 (52 2%) 2615654 678 (7 8%)  1.080 (1.072-1.108)  1.025 | 598-1.061) —3{-7-0)
Dose 3 24 G24/52 416 §47.1%) 27 TEHGE 416 (52.9%) _BE1 (876806 (558 834-.583) \ 5 {28 )

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




General practice antibiotic prescriptions attributable to Respiratory
Syncytial Virus by age and antibiotic class: An ecological analysis of the
English population

Lic] Lucy Miller, @ Thomas Beaney, Russel Hope, Mark Cunningham, Julie V. Robotham, Koen B. Pouwels,
Ceire E. Costelloe

doi: hetps://doi.org/10.1101/2024.10.31.243 16265

This article is a preprint and has not been peer-reviewed [what does this mean?].
It reports new medical research that has yet to be evaluated and so should not be
used to guide clinical practice.

UK Study with surveillance data from 201
associations between weekly counts of s
&)ry-

Antibiotic
use

practice antibiotic prescriptions b
confirmed respiratory infectio

2.1% antibiotic prescriptio ut
prescriptions/year), mostly
Infants 6-23 months ha

6,580 prescriptions per 100,

le to RSV (640,00
= 65 years
hest average annual rate at
individuals
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tory syncytial virus (RSV_2)

e against severe RSV infection given fo 70% of infants, with 2-year efficacy of 70% [RSV_2]

Target pathogen: | Targeting: Duration: Usage scenario: WHO AMR priority
Respiratory | Infants 2 years Efficacy: 70% Nt assessed

syncytial virus O i Coverage: T0% a

Vaccine name: @ ----- of vaeei

Rsv_z and implernentation
T

WHO Pathogen-associated antibiotic use in 2013, DDD Pathogen-associated antibiotic use averted by a

region {953 Un) vaccine in 2013, DDD (35% U1}

AFR 11 [3.7-27) million 5.4 [1LE-11) millien

EUR 4.2 (1.5-5.5) million 2.0 million (710 000-4.6 million)

EMR 5.2 (1.4-13 million 2.6 million (710 000-5.4 million)

SEAR 3.2 million (00 000-6.8 million) 1.5 million (330 000-3.3 million)

AMR 3.0 million {750 000-&.7 million) 1.5 millien (370 000-2.3 million)

WPR 2.3 million (30 000-4.6 million) 1.1 million (310 000-2.3 million)

25 (2.5-62) million

14 (4.-30.0) million

AMR: antimicrobial resistance; DDD: defined daily doses; Ul: uncertainty interval; WHO: World Health Crganization.

Regions: AFR: WHOC African Region; AMR: WHO Region of the Americas; EMR: WHO Eastern Mediterranean Region;
EUR: WHO European Region; SEAR: WHO South-East Asia Region; WPR: WHO Western Pacific Regicn.

Estimating the impact of vaccines in reducing antimicrobial resistance and antibiotic

technical report. Geneva: World Health Organization; 2024. Licence: CC BY-NC-SA~
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Reduce hospitalizations and antibiotic prescriptioin foi secondary bacterial

COVID-NET cases

3
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infections/hospital acquiicd infections

COVID-19 hospitalization rates by vaccine status o
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A. Persons aged 65-74 years

100

[ Fully vaccinated
B Unvaccinated
— Pfizer-BioNTech
== Moderna
== = Janssen (Johnson & Johnson)

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

pajeupdea A|iny abejuadiag

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

Bassetti et al.; Expert Opin Pharmacother. 2023;24(15):1679-1684.
https://www.cdc.gov/mmwr/volumes/70/wr/mm7032e3.htm Weekly / August 13, 2021 / 70(32);1088-
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* Increase vaccine coverage and improve vacg
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Vaccines as a tool for AMR n

eady in use

* I[nvest on research on new vaccines

Estimating the impact
of vaccines in reducing
antimicrobial resistance
and antibiotic use

Technical document

Gsting vaccines could prevent up to

1 deaths per year, as well as 9.1 million
years (DALYs), USD 861 million in hospital
costs, an illion in productivity losses. They could also
red d&antibiotic use by 142 million defined daily

The report findé th
106,000 AM

disability-adj
isability-a

d
Estimating the impact of vaccines in reducing antimicrobial resistance and antibiotic

use: technical report. Geneva: World Health Organization; 2024. Licence: CC BY-NC-

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

Typhoid, paratyphoid and iNTS 37%
CNS infections 32%

LRI and thorax Others uTi 3%

infections 25% Diarrhoea 9%
31% Bactericl skin infections 5%
Remaining syndromes 4%

Tuberculosis

23% use: technicalreport. Geneva: World Health Organization; 2024. Licence: CC BY-NC-
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Vaccines as a tool for AMR reduction

Recommendations

Include impact on AMR in vaccine cost-
effectiveness studies

Accelerate introduction of typhoid vaccines
inthigh-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
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Vaccine- Vaccine hesitancy,
preventable restricted access to health-
disease care, low health education,

vaccine unavailability

Disease spread

&
i

Antibiotic misuse in the

AMR-associated death community
Hospitalization l
l-acquired infections o .
igh resistance profiles Increased antimicrobial
resistance at the
- community level W
N
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Realised with BioRender
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