Multidrug resistance and reserve antibiotics
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Superbug crisis could get worse, Killing nearly 40
million people by 2050, study estimates

B By Jacqueline Howard, CNN

Ttisa pandemic’: UK's envoy on Rise of drug-resistant superbugs could

fl?l%ee];‘l;gtgisnf:f; ;’ cale of threa The ®make Covid pandemic look ‘minor’,
(ITEI(IET expert warns

Dame Sally Davies says action on deadly antibiotic-resistant _ _ L _
infections must be prioritised Common infections will kill millions if drug resistance

through misuse of antibiotics is not curbed, says England's
ex-chief medical officer




Global burden of bacterial antimicrobial resistance
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Figure 2: Deaths attributable and associated with antimicrobial resistance, by detailed age group, for 1990 and 2021

Counterfactuals have distinct x-axes.
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Figure 7: Deaths attributable to AMR by age group and location in the reference scenario, 2022-2050 Units are in millions.



Results of antimicrobial

Superbug definitions

Aminoglycosides Gentamicin
Ansamycins Rifampin/rifampicin
Anti-MRSA cephalosporins Ceftaroline
Anti-staphylococcal Oxacillin (or cefoxitin)®

f-lactams (or cephamycins)

Fluoroquinolones Ciprofloxacin
Moxifloxacin
Bacterium MDR XDR PDR Folate pathway inhibitors Trimethoprim-
sulphamethoxazole
Staphylococcus aureus The isolate is non-susceptible to at least | agent The isolate is non-susceptible to at least | agent in all Non-susceptibility Fucidanes Fusidic acid
in =3 antimicrobial categories listed in Table 1* but 2 or fewer antimicrobial categories in Table 1. to all agents in all
antimicrobial ca_tego_rie Glycopeptides Vancomyein
Enterococcus spp. The isolate is non-susceptible to at least | agent The isolate is non-susceptible to at least | agent in all for each bacterium in
in =3 antimicrobial categories listed in Table 2 but 2 or fewer antimicrobial categories in Table 2. Tables 1-5 Teicoplanin
Telavancin
Glycyleyelines Tigecycline
Lincosamides Clindamycin
. . . Lipopeptides Daptomycin
IMDR - Multidrug resistant= resistence to 3 or more ATB classes
. . Macrolides Erythromycin
XDR - Extensive drug resistant
. Oxazolidinones Linezolid
PDR - Pandrug resistant
Phenicols Chloramphenicol
Phosphonic acids Fosfomycin
Streptogramins Quinupristin-
dalfopristin
Tetracyclines Tetracycline
Doxycycline

Source: Magiorakos et al 2012 Minocycline
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The WHO Bacterial Priority Pathogens List 2024:

Final ranking of antibiotic-resistant bacteria in the 2024 WHO BPPL

Pathogen

Carbapenem-resistant Klebsiella pneumoniae
3GCR Escherichia coli

Carbapenem-resistant Acinetobacter baumannii
Rifampicin-resistant Mycobacterium tuberculosis
Carbapenem-resistant Escherichia coli

3GCR Klebsiella pneumoniae
Fluoroguinolone-resistant Salmenefla Typhi
Fluoroquinolone-resistant Shigella spp
Vancomycin-resistant Enterococcus faecium
Carbapenem-resistant Pseudomonas aeruginosa
Fluoroguinolone-resistant non-typhoidal Salmonella
Carbapenem-resistant Enterobacter spp
Fluoroquinolone-resistant Neisseria gonorrhoeae
Meticillin-resistant Staphylococcus aureus

4GCR Enterobacter spp

3GCR Gitrobacter spp

3GCR Proteus spp

3GCR Serratia spp

3GCR Neisseria gonorhoeae

Macrolide-resistant group A streptococci
Macrolide-resistant Streptococcus preumoniae
Ampicillin-resistant Haemophilus influenzae
3GCR Morganella spp

Penicillin-resistant group B streptococci

Il Mortality

Il Incidence

Il Mon-fatal health burden
[ 10-year trend in resistance

O Transmissibility

I Preventability

I Treatability

I Antibacterial pipeline

0 20 40

'GICI' él] I{IJD

Total score (%)

2024

Critical
priority

High
priority

Medium
priority

A baumannii, carbapenem-resistant;
Enterobacterales, third-generation
cephalosporin-resistant; Enterobacterales,
carbapenem-resistant; Mycobacterium
tuberculosis, rifampicin-resistant*

Salmonella enterica serotype Typhi,
fluoroquinolone-resistant; Shigella spp,
fluoroquinolone-resistant; E faecium,
vancomycin-resistant; P aeruginosa,
carbapenem-resistant; non-typhoidal
Salmonella, fluoroquinolone-resistant;

N gonorrhoeae, third-generation cephalosporin-
resistant, fluoroquinolone-resistant; S aureus,
meticillin-resistant

Group A streptococci, macrolide-resistant;
S pneumoniae, macrolide-resistant;

H influenzae, ampicillin-resistant; group B
streptococci, penicillin-resistant

3GCR = 3rd gen cephalosporins Resistance(ESBL, AmpC)
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The WHO Bacterial Priority Pathogens List 2024:

Final ranking of antibiotic-resistant bacteria in the 2024 WHO BPPL

WHO EPPL 2017

Acinetobacter baumannii,

o carbapenem-resistant
Pssudomonas seruginosa,

e carbapenem-resistant
Klehsiella pnevmoniae, third-

. generation cephalosporin-resistant
Escherichia coli, third-generation

£

Enterobacter spp, third-

generation cephalosporin-resistant
Serratia spp, third-generation
cephalosporin-resistant

Proteus spp, third-generation
cephalosporin-resistant

Staphylococcus sureus

meticillin-resistant
Citrobacter spp, third-generation

Non-typhoidal Salmonella,
fluoroquinolone-resistant
Neisseria gonomhoeae, third-
generation cephalosporin-resistant

ampicillin-resistant
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WHO BPPL 2024

Klebsiella pneumoniae,
carbapenem-resistant
Escherichia cali, third-generation
cephalosporin-resistant
Acinetobacter haumannii,
carbapenem-resistant
Mycobacterium tuberculosis,
rifampicin-resistant*
carbapenem-resistant

Klebsiella pneumnaniae, third-
generation cephalosporin-resistant
Salmonefla Typhi,
flucroquinclone-resistant
Shigella spp,
flucroquinclone-resistant
Enterococcus faecium,
wanoomycin-resistant
Pseudomanas aenuginasa,
carbapenem-resistant
Mon-typhoidal Salmonella,
flucroquinolone-resistant
Enterobacter spp,
carbapenem-resistant

Meisseri ;
flucroquinclone-resistant
Staphylococous aurews
meticillin-resistant
Enterobacter spp, third-genermtion
cephalosporin-resistant
Citrobacter spp. third-generation
cephalosporin-resistant

Proteus spp. third-generation
cephalosporin-resistant
Serratia spp, third-generation
cephalosporin-resistant
MNeisseria gonorrhoeae, third-
generation cephalosporin-resistant
Group A streptococd,
macrolide-resistant
Streplococcus pnesmonice,
macrolide-resistant
Haemophilus influenzae,
ampicillin-resistant
Marganelia spp, thind-generation
cephalosporin-resistant
Growp B streptocecc,
penicillin-resistant
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Wi Y ¢ What is a bigger threat?
'II//}/;/Il{ METHICILLIN-RESISTANT

STAPHYLOCOCCUS AUREUS

Urgent Threats tHReAT LEVEL serious [ 20

Carbapenem-resistant Acinetobacter

Candida auris (C. auris)

323,700 & 10,600 é $1.7B

Clostridioides difficile (C. difficile) Estimated cases Estimated Estimated attributable
in hospitalized N deaths in 2017 healthcare costs in 2017

Carb -resistant Enterobacteri (CRE
Carbapenem-resistant Entercbacteriaceae ( ) patients in 2017

Drug-resistant Meisseria gonorrhoeae (N. gonorrhoeae)

Serious Threats CARBAPENEM-RESISTANT

Concerning Threats

Drug-resistant Campylobacter E N T E Ro BACT E R IAc EA E
Drug-resistant Candlida

Extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriaceas a2 _
Vancomycin-resistant Enterococci (VRE)

Multidrug-resistant Pseudomonas aeruginosa (P aeruginosa) '] 3'1 UU ® 1 L ‘I UU \ 4 $‘I 30 M
Drug-resistant nontyphoidal Safmonelia Estimated cases Estimated ﬁ Estimated attributable
Drug-resistant Salmonella serotype Typhi g’az(;i‘f';?rilzzeo% x e nenithcare/costnE e
Drug-resistant Shigella

Methicillin-resistant Staphylococcus aureus (MRSA) PI‘IOFIty gI’OUpS (Crl'[lca|, hlgh, medlum) based on:

Drug-resistant Streptococeus pneumonias (5. pneumenias) 1. Clinical Outcomes and Severity: infection severity, treatment outcomes, infection

Drug-resistant Tuberculosis (TB)

site, and patient population risk (e.g., immunocompromised).
2. Availability of Effective Treatment Options: Treatment guidelines prioritize

B Erythromycin-resistant group A Streptococcus s . . . . . .
o oot oo B Strentone antibiotics that are likely to be effective, weighing resistance patterns and new drug
Watch List availability. | | o |
o Aaslomresictant Asoeralue fum . 3._Local and Global Resistance Trends: resistance in different regions to.

role-resistant Aspergillus fumigatus (4. fumigatus) - - . . .
m  Drug-resistant Mycoplasma genitalium (M. genitalium) 4. Potential for Prevention and Control: how easily infections can be prevented or
B Drug-resistant Bordetella pertussis (B. pertussis) Controlled through hyglene or VaCCInatIOH

Source: CDC. Antibiotic Resistance Threats in the United States, 2019.



Surveillance of antimicrobial resistance
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Global Antimicrobial Resistance and Use
Surveillance System (GLASS) P /e \ //

Since 2015
132 participating countries



European Antimicrobial Resistance Surveillance Network

* Since 1998
* 30 participating countries in Europe

* Hospital laboratories reporting

* invasive isolates
* blood or cerebrospinal fluid samples

* Annual reports

Antimicrobial resist
EU/EEA (EARS-Net)

Annual Epidemiological Report for 2022

¥¥¥-¥
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~ SURVEILLANCE REPORT

(EARS-Net)

Bacterial species
Escherichia coli

Klebsiella pneumoniae

aerginogsa

Acinetobacter species

Staphylococcus aureus

Streptococcus
pnewmaoniae

Enterococcus faecalls
Enterococcus faecium

Assessed antimicrobial
group/agent resistance or specific
resistance mechanism

Aminopenicillins

Third-generation cephalosporins
Carbapenems

Fluoroquinolones

Aminoglycosides

(Movel antibiotics and combinations)®

Third-generation cephalosporins
Carbapenems

Fluoroquinolones

Aminoglycosides

(Mowvel antibiotics and combinations) 2

Piperacillin-tazobactam

Ceftazidime

Carbapenems

Fluoroguinolones

Aminoglycosides

(Novel antibiotics and combinations) #

Carbapenems

Fluoroguinolones
Aminoglycosides

(Novel antibiotics and combinations)
MRSA

Fluoroguinolones

Rifampicin

Penicillins

Third-generation cephalosporins
Fluoroguinolones

Macrolides

High-leval aminoglycoside resistance
Aminopenicilling

High-level aminoglycoside resistance
Vancomycin

Indicative antimicrobial agent(s)

Ampicillin or amoxicillin

Cefotaxime, ceftriaxone or ceftazidime
Imipenem or meropensem

Ciprofloxacin, levofloxacin or ofloxacin
Gentamicin or tobramycin
Aztreonam-avibactam, cefiderocol,
ceftazidime-avibactam, imipenem-
relebactam, or meropenem-vaborbactam
Cefotaxime, ceftriaxone or ceftazidime
Imipenem or meropenem

Ciprofloxacin, levofloxacin or ofloxacin
Gentamicin or tobramycin
Aztreonam-avibactam, cefiderocol,
ceftazidime-avibactam, imipenem-
relebactam, or meropenem-vaborbactam
Piperadillin-tazobactam

Ceftazidime

Imipenem or Mercpensm

Ciprofloxacin or levofloxacin

Tobramycin

Cefiderocol, ceftazidime-avibactam,
ceftolozane-tazobactam, imipanem-
relebactam, or meropenem-vaborbactam
Imipenem or meropenem

Ciprofloxacin or levofloxacin

Gentamicin or tobramycin

Cefiderocol

Cefoxitin or oxacillin®

Ciprofloxacin, levofloxacin or norfloxacin®
Rifampin

Penicillin or oxacillin®

Cefotaxime or ceftriaxone

Levofloxacin, norfloxacin or moxifloxacin®
Azithromycin, clarithromycin or
erythromycin

Gentamicin

Ampicillin or amoxicillin

Gentamicin

WVancomycin



SURVEILLANCE REPORT

Antimicrobial resistance in the

EU/EEA (EARS-Net)

Annual Epidemiological Report for 2024 R ConThoL

EUROPEAN CENTRE FOR
DISEASE PREVENTION

EU targets on antimicrobial resistance

e In 2024, the estimated total EU incidence of meticillin-resistant Staphylococcus aureus (MRSA)
bloodstream infections was 4.48 per 100 000 population (EU country range 0.55-13.63). This was 20.4%
lower than in 2019 (baseline year) and 0.31 per 100 000 population lower than the 2030 target of 4.79
per 100 000 population. For the EU overall, a statistically significant decreasmg trend was detected
between 2019 (baseline year) and 2024. -

e The estimated total EU incidence of ] i re ichia.coli
infections was 11.03 per 100 000 populatlon (EU country range 3.75— 22 79) in 2024 ThIS was 5.9%
higher than in 2019 (baseline year) and 1.65 per 100 000 population higher than the 2030 target of 9.38
per 100 000 population. For the EU overall, there was no statistically significant trend detected between
2019 (baseline year) and 2024.

» The estimated total EU incidence of carbapenem-resistant Klebsiella pneumoniae bloodstream infections
was 3.51 per 100 000 population (EU country range 0.02—20.31) in 2024. This was 61.0% higher than in
2019 (baseline year) and 1.44 per 100 000 population higher than the 2030 target of 2.07 per 100 000
population. For the EU overall, a statistically significant increasing trend was detected between 2019
(baseline year) and 2024.

e In summary, while the EU target for the incidence of MRSA bloodstream infections had already been
reached by 2024, the results for the other two EU targets were not on track. The estimated EU incidence
of third-generation cephalosporin-resistant £. coli bloodstream infections with a 10% reduction target
increased by more than 5% compared to 2019 (baseline year). Moreover, the estimated EU incidence of
carbapenem-resistant K. pneumoniae bloodstream infections increased by over 60% compared to 2019,
which differs substantially from the target of a 5% reduction by 2030.
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Antimicrobial resistance in the

EU/EEA (EARS-Net)

Annual Epidemiological Report for 2024

Table 1. Population and hospitals contributing data: coverage, representativeness and blood

culture rate, EU/EEA, 2024
Estimated B';::: (‘I::L:::ldre
. . . . Country populatlo:: culture sets/
e Surveillance is mainly hospital 00‘273;:)99
based and focussing on most Austria 90 High High High \D
severe infection i.e. sepsis Belgium 40f Medium Medium High 145.0°
Bulgaria 45 Medium Medium Medium 12.2
* Data are heterogenous Croatia ) High High High 39.1
* Differences between countries Cyprus 82 High High High 70.6
Czechia 70 High High High 23.4
Denmark 100 High High High 265.8

Estonia 100 High High High 38.4
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International Journal of Antimicrobial Agents 59 (2022) 106538

journal homepage: www.elsevier.com/locate/ijantimicag

MRSA surveillance programmes worldwide: moving towards a )
harmonised international approach Rt

Contents lists available at ScienceDirect

International Journal of Antimicrobial Agents

Antimicrobial
A

Valérie O. Baede!, Michael Z. David?, A
Michael Borg®, Grainne Brennan’, Boud
Hege Enger ', Marie Hallin '3, Marina I
Kuntaman Kuntaman '®", Anders Rhod
Bruno Pichon?’, Dewi Santosaningsih?]
Guido Werner2>, Dorota Zabicka'!, Hel
Margreet C. Vos '*, for the MRSA Surve
Study Group for Nosocomial Infections
Staphylococci and Staphylococcal Dised

survey on MR5A surveillance programmes and organised a webinar to discuss the programmes’ strengths
and challenges as well as guidelines for harmonisation. Completed surveys represented 24 MRSA surveil-
lance programmes in 16 countries. Several countries reported separate epidemiological and microbiolog-
ical surveillance. Informing clinicians and national policy-makers were the most common purposes of
surveillance. Surveillance of bloodstream infections (BSIs) was present in all programmes. Other invasive
infections were often included. Three countries reported active surveillance of MRSA carriage. Method-
ology and reporting of antimicrobial susceptibility, virulence factors, molecular genotyping and epidemi-
ological metadata varied greatly. Current MRSA surveillance programmes rely upon heterogeneous data
collection systems, which hampers international epidemiological monitoring and research. To harmonise
MRSA surveillance, we suggest improving the integration of microbiological and epidemiological data, im-
plementation of central biobanks for MRSA isolate collection, and inclusion of a representative sample of
skin and soft-tissue infection cases in addition to all BSI cases.
Crown Copyright © 2022 Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license




Staphylococcus aureus



S. aureus — the first superbug

* 1940s — pandemic penicilin resistant-S. aureus — enzym penicillinase

* Introduction of methicillin (1959)
* Semisynthetic derivate of penicillin
* Resistant to penicillinase

* MRSA (methicillin-resistant S. aureus) 1961
» Resistance to penicillin, methicillin (oxacillin) and cefalosporins

* MDR: often resistant to fluoroguinolones, tetracyclines, macrolides and
aminoglycosides

» Susceptible to vancomycin, linezolid, daptomycin
* Higher mortality and morbidity compare to MSSA




Gradual increase of resistence in S. aureus
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Mechanism of MRSA resistance

blocked
active site

enzyme

antibiotic
sensitive

active site

‘ Alanine (L or D)
‘ D-glutamate

. L-lysine

> Pentaglycine chain

reactive
serine

cell wall cross-links working
active site

I B-lactam antibiotic

antibiotic
resistant




Genetic background for MRSA

* SCCmec cassette
* Gene cassette (mobile genetic element)

* Codes for PBP2a on the mecA gene (plus several other genes).

» 7 types of varying size and composition (and sub-types)
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Global MRSA prevalence (%)
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Europe (invasive isolates)
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Where is will there is way: Active measures decreased MRSA
prevalence in UK
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Therapeutic options for MRSA (existing or near future)

( Cell wall R S- aureus cell ( Protein synthesis
-lactams Lincosamides

? Ceftaroline Capsule Oxazolidinones
= Ceftobiprole * Linezolid
Glycopeptides = Tedizolid
= Wancomycin * Radezolid
= Teicoplanin Streptogramins

- o Pleuromutilin

 Cell membrane | | - Lefamulin {BC—E?BlL
Cyclic lipopeptides
= Daptomycin

- A /

- - Protein synthezis
Cell wall and Tetracyclines
cell membrane = Eravacycline
Semisynthetic // = Omadacycline
lipoglycopeptides -
= Telavancin - “
* Dalbavancin Folate synthesis
* Oritavancin Sulfonamides

:: o = Sulfamethoxazole
DNA and/or
RMA zynthesiz - -
Fluoroquinolones Folate synthezis
= Delafloxacin Folate inhibitors

L Rifamycins ) * Currently available = New * In development | = Trimethoprim y

Figure 5 | Bacterial targets of antibiotics active against MRSA. Antibiotics have diverse mechanisms of action and
target different bacterial structures or metabolic pathways. Existing antibiotic options are in green, new antibiotics
approved and on the market are in blue and antibiotics in the pipeline are in orange. DHFA, dihydrofolic acid; PABA,
para-aminobenzoic acid; PBE penicillin-binding protein; 5. aureus, Staphylococcus aureus; THFA, tetrahydrofolic acid.
Figure adapted from REF.***, Macmillan Publishers Limited.

Lee et al, 2018



Enterobacteriaceae



Betalactamases in gramnegative bacteria

Chromosomal genes

Plasmid-borme genes

[

MAIN BETA-LACTAMASES IN ENTEROBACTERIACEAE

J

|

Ambler’s classification
—— 1 — ]
Class A Class B Class C Class D
Serine-beta-lactamases Metallo-beta-lactamases Cephalosporinases Oxacillinases
(nmmu-muuo)g i =
| |
= & N\
Penicillinases Non-inducible AmpC
Kiebsiolla sp. Eschonichia cod
Citrobacter kosert \ /
- >, 1
/ Inducible AmpC
Enterobacter sp.

Penicillinases
TEM and SHV
(nci. inhibitor-resistant varants)

Carrbapenemases
KPC

Carbapenemases
VIM, IMP and NDM

Carbapenemases
OXA-48 variants

'y

Intrinsic resistance

Acquired resistance

/ Enzyme-conferred \
resistance
(hydrolysis spectrum)

[ Penicillins and 1GC ]

Carbapenems
+/- other beta-lactams

Clavulanic acid
Sulbactam
— Tazobactam
Avibactam
Relebactam




Extended spectrum betalactamase producing bacteria (ESBL)

* E. coli, K. pneumoniae

* TEM, SHV, CTX, OXA enzymes

* These enzymes are sensitive to betalactamase inhibitors
 Resistance to penicillins and first to third generation cefalosporins
* Plasmid mediated

e Often resistant to quinolones, trimetoprim, azteonam

* Sensitive to amikacin, carbapenems, colistin



Figure 2. Escherichia coli. Percentage of invasive isolates resistant to third-generation
cephalosporins (cefotaxime/ceftriaxone/ceftazidime), by country, EU/EEA, 2022
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Steap rise of epidemic clones — E. coli ST131 (ESBL+)
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Carbapenem-resistant Enterobacteriaceae (CPE)

* Enterobacteriaceae — Klebsiella pneumoniae, E. coli, Serratia marcescens,
Enterobacter, Citrobacter...

* But also Pseudomonas aeruginosa and Acinetobacter

e Carbapenems (ertapenem, imipenem, meropenem)

* For bacteria resistant to other beta-lactams (ESBLs) - the drugs for multidrug-
resistant Enterobacteriaceae

e 2008 India: NDM-1 gene - bacteria resistant to everything except colistin
and tigecycline

e Spread in hospitals
* Most serious problem today

* Treatment : cefalosporin/inhibitor, aztreonam, colistin, tigecyclin,
cefiderocol




Carbapenemases

e Class A
* KPC, GES, SME, IMI, NMC
» Sensitive to inhbitors (clavulanic acid, tazobactam, relebactam, avibactam)
* Enterobacteriaceae, P. aeruginosa, Acinetobacter sp

e Class B - metalobetalactamases
 VIM, IMP, GIM, SIM, NDM, ...
* Resistant to inhibitors
* Enterobacteriaceae, P. aeruginosa, Acinetobacter sp

e Class D - oxacillinases

 OXA-48 - K. pneumoniae, E. cloacae, E. coli
* OXA-23, OXA-58, OXA-40 - Acinetobacter sp
 Resistant to inhibitors except avibactam/ (OXA-23,48)




Organism Group

Enterobacterales
(CRE)

Pseudomonas
aeruginosa (CRPA)

Acinetobacter
baumannii (CRAB)

Common Examples of
Carbapenemases

KPC (Klebsiella
pneumoniae
Carbapenemase), NDM
(New Delhi Metallo-
$\beta$-lactamase),
OXA-48

VIM, IMP, KPC

OXA-23, OXA-40, OXA-
58

Figure 5. Klebsiella pneumoniae. Percentage of invasive isolates resistant to carbapenems
[imipenem/meropenem), by country, EU/EEA, 2022
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Cause urinary tract,
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is the most common in the
US and Europe.

Common cause of hospital-
acquired pneumonia and
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Highly resilient and often

found in intensive care units CPE:
(ICUs). Causes pneumonia L : . :
and meningitis. High mortality, over 50% in sepsis

Klebsiella pneumoniae — main threat
Increasing trend
High potential for hospital spread

ECDC: EARSNET report 2022



Risk factors for CPE infection

@) :

Recent Recent Recent Overseas
gastroenterology intensive care prolonged medical
procedure admission hospitalisation treatment
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4+ | " e®
TED |

Inapropriate use Weakened Indwelling
of antimicrobials immunity medical device




Vancomycin resistant enterococci (VRE)

Vancomycin-Susceptible Enterococci

Vancomycin-susceptible enterococci Vancomycin

E. faecium e bl
E faecalls wall synthesis
GIT comensals | [o-Ala-0-Ala = [-o-Ala-0-Ala X—=>

Tripeptide containing intermediates
in cell-wall synthesis

vanA or vanB

Plasmid mediated

Vancomycin-Resistant Enterococci

Vancomycin-resistant enterococci, in the presence
of vancomycin, make cell-wall precursors that

Nosocomial infections in the urinary tract, bloodstream have low aftinity for vancormygin. Vancomycin
(bacteremia), endocarditis, and surgical wounds. q
-D-Ala-D-X

Cell-wall

x ’ synthesis

Intensive Care Units (ICUs) and other units where -——=£>
patients have prolonged hospital stays

Treatment: linezolid, daptomycin, tigecycline,
chloramphenycol



Antimicrobial resistance in the EU/EEA — AER 2022

Figure 10. Enterococcus faecium. Percentage of invasive isolates resistant to vancomycin, by
country, EU/EEA, 2022
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Reserve antibiotics



Classification of antibiotics — different types
of therapy

Initial - therapy is started before pathogen identification, broad
spectrum to cover all posible causes. E.g. Patient hospitalised with
bacterial meningitidis or sepsis

Empirical — treatment without microbiological diagnhostics, e.g.
Streptococal tonsilitis

Targetted — known cause end its susceptibility
Deescalation — switch to targetted therapy after identification of cause

Prophylaxis — to prevent infection,e.g. surgical prophylaxis,
imunokompromised patients



AWARE classification

The AWaRe classification is intended as a tool for monitoring
antibiotic consumption, defining targets and monitoring the
effects of stewardship policies that aim to optimize antibiotic
use and curb antimicrobial resistance.

ACCESS

Last line antibiotics to treat MDR bacteria
To be used after other options failed

For serious/complicated infections

New antibiotics

Critically important
High resistence potential,
Limited specific indication

First choice (empiric) for common
infection by susceptible bacteria
Save, cheap, low resistence potential
Should be always awailable

The WHO AWa

, Watch, )
antibiotic book

Examples

Colistin, tigecycline, linezolid,
Meropenem/vaborbactam, Daptomycin,
Aztreonam, ceftarolin, cefiderocol

Azithromycin, Ciprofloxacin, 2nd to 4th
gen cefalosporins, Erythromycin,
fidaxomicin, Meropenem, rifampicin,
vancomycin

Ampicillin, clindamycin, doxycyklin,
oxacillin, nitrofurantoin, benzylpenicillin,
first generation cefalosporins



Antibiatics - high nsk business adventure

LONG PATHTO PROFITABILITY

Estimates suggest that it takes more than 20 years to see any
profit from a newly developed antibiotic. Once a drug goes off
patent, increasing that profit becomes much more difficult.

M Preclinical M Clinical B On-patent Off-patent
research research sales sales

0 [0 PETIOIISTRTR IR Profit achieved
in year 23

-200--

-400 .

Cumulative profits (US$, millions)

0 5 10 15 20 25
Years after a new antibiotic is identified

Antibiotics are not an economically viable investment
Profitability of different disease treatments (millions of dollars), 2014-16

Development ($M) Profit ($M)

Cancer
treatments ~430 8,200
Respiratory -1.000
treatments ’
Dermatology =450
Musculoskeletal -850
diseases
Cardiology -500
Haematology -500 I
Antibiotics -500 l-100




20000 — Antibiotic indication for specified bacteria
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Figure 3: US price of selected antibiotics introduced between 1955 and 2019

Prices are shown for a 14-day treatment course in US§ in the USA as of 2021. Selected antibiotics target the following ESKAPE pathogens: vancomycin-resistant Enterococcus faecivm, methicillin-
resistant Staphylococcus aureus, carbapenem-resistant Enterobacterales, carbapenem-resistant Acinetobacter bavmannii, and multidrug-resistant Pseudomenas aeruginosa. The different colours represent
antibiotic indications against specified resistant ESKAPE pathogens. Price data were compiled by Yahav et al (2021).* Dates of antibiotic introduction were sourced from Shi et al (2023),%

Chahine et al (2022),* Christensen (2021),* Serio et al (2018),* Dhariwal and Tullu (2013),** Plotkin et al (2011),” and Laxminarayan et al (2010)." ESKAPE=Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomaonas aeruginosa, and Enterobacter spp. IW=intravenous. UTl=urinary tract infection.



What drives antibiotic resistance?

[ )
.‘!02.

 Consumption of antibiotics
* Spread of resistant bacteria
 Shortage of new ATBs

\_—

B

Hospitals and healthcare facilities are the primary
place where the problem of AMR manifests itself

i & ==

Increasing population density
Ageing population

Diseases of civilisation
Poor population health
Ecological factors
Globalisation

Baquero 2021, International Microbiology: Threats of antibiotic resistance: an obliged reappraisal



Consumption of antimicrobial drives resistance

but...

&

BECOME AN
ANTIBIOTIC
GUARDIAN

Protect yourself, your family, friends,
colleagues and patients against the
spread of antibiotic resistance.

10% of the sore throats and
20% of acute sinusitis benefi
from antibiotic treatment but {
prescription rates are much
higher than this

People in

England tak
at least one
course of

| N antibiotics

each year

Advise patients and the public to take these simple

actions to keep antibiotics working:

+ Agk their pharmacist to recommend
treat cold or flu symptoms or pain

* Take antibiotics exactly as prescribe

medicines to help

d, never save them

for later, never share them with others

= To spread the word, tell their friends
antibiotic resistance

and family about

Antibiotics in humans and animals LONDON g

2012

30% » 70%
of antibiotics are ,‘ are consumed
by animals

consumed by humans

Source: Review on antimicrobial resistance
Credit: Rebeccah Robinson/LSHTM

HYCIENE &
STROPICAL
MEDICINE

2010

By 2030

Global consumption of antibiotics in
livestock production to increase by
two-thirds




20 30 40

1

Average Antibiotic Resistance

0

AMR problem is about disfunctional healthcare

and society

Correlation Coefficient = 0.40

Average Antibiotic Resistance

Greece @
@ Bulgaria
® Hungary o
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Denmark ® @ 5“ 68 ® [celand
I 1 I 1 | 1
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Antibiotic Usage

Note: Average antibiotic resistance is from EARS-Net database of the European Centre for Disease Prevention

Antibiotic usage is from the European Surveillance of Antimicrobial Consumption (ESAC) Yearbook 2009
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Control of Corruption
Note: Average antibiotic resistance is from EARS-Net database of the European Centre for Disease Prevention

The control of corruption indicator is from International

Country Risk Guide

Collignon P, Athukorala PC, Senanayake S, Khan F. Antimicrobial resistance: the major contribution of poor governance and corruption to this growing problem. PLoS One 2015;10:e0116746.

Meyer E, Gastmeier P, Schwab F. National MRSA rates run along with fair play of national football teams: a cross-national data analysis of the European Football Championship, 2008. Infection. 2013

Feb;41(1):215-8.



Thank you for your attention!



