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AMR disproportionately affects elderly



Associated Attributable

1990 4.78 milion 1.06 milion

2019 4.94 milion 1.20 milion

2021 4.71 milion 1.14 milion



Superbug definitions

Source: Magiorakos et al 2012

MDR - Multidrug resistant= resistence to 3 or more ATB classes
XDR - Extensive drug resistant
PDR - Pandrug resistant



3GCR = 3rd gen cephalosporins Resistance(ESBL, AmpC)





What is a bigger threat?

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

Priority groups (critical, high, medium) based on:

1. Clinical Outcomes and Severity: infection severity, treatment outcomes, infection 

site, and patient population risk (e.g., immunocompromised).

2. Availability of Effective Treatment Options: Treatment guidelines prioritize 

antibiotics that are likely to be effective, weighing resistance patterns and new drug 

availability.

3. Local and Global Resistance Trends: resistance in different regions to.

4. Potential for Prevention and Control: how easily infections can be prevented or 

controlled through hygiene or vaccination.



Surveillance of antimicrobial resistance



WHO

Since 2015
132 participating countries



European Antimicrobial Resistance Surveillance Network 
(EARS-Net)

• Since 1998

• 30 participating countries in Europe

• Hospital laboratories reporting
• invasive isolates

• blood or cerebrospinal fluid samples

• Annual reports





• Surveillance is mainly hospital
based and focussing on most 
severe infection i.e. sepsis

• Data are heterogenous
• Differences between countries



Freely available information on AMR surveillance in Europe from 2000



Community spread of resistence is much less studied



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 fluoroquinolones, tetracyclines, macrolides and 
aminoglycosides

• Susceptible to vancomycin, linezolid, daptomycin

• Higher mortality and morbidity compare to MSSA



Gradual increase of resistence in S. aureus



Mechanism of MRSA resistance



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)



Global MRSA prevalence (%)

Lee et al 2018



Europe (invasive isolates)
Where is will there is way: Active measures decreased MRSA 

prevalence in UK

Lee et al, 2018
ECDC, Atlas of antimicrobial resistance



Therapeutic options for MRSA (existing or near future)

Lee et al, 2018



Enterobacteriaceae



Betalactamases in gramnegative bacteria



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

• Often resistant to quinolones, trimetoprim, azteonam

• Sensitive to amikacin, carbapenems, colistin



Most common MDR in Europe

ECDC: EARSNET report 2022



Steap rise of epidemic clones – E. coli ST131 (ESBL+)

Canada, but similar dynamics in USA, and Israel

Nicolas-Chanoine MBertrand X, Madec J. 2014. Escherichia coli ST131, an Intriguing Clonal Group. Clin Microbiol Rev 27

ST131: both high patogenic potential and 
resistance potential

such clones are treat by itself

but also as donors to others G-



Carbapenem-resistant Enterobacteriaceae (CPE)

• Enterobacteriaceae – Klebsiella pneumoniae, E. coli, Serratia marcescens, 
Enterobacter, Citrobacter…

• But also Pseudomonas aeruginosa and Acinetobacter
• Carbapenems (ertapenem, imipenem, meropenem)

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

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

• Spread in hospitals
• Most serious problem today
• Treatment : cefalosporin/inhibitor, aztreonam, colistin, tigecyclin, 

cefiderocol



Carbapenemases

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

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

• 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)



CPE:
High mortality, over 50% in sepsis
Klebsiella pneumoniae – main threat
Increasing trend
High potential for hospital spread

Organism Group
Common Examples of 

Carbapenemases
Clinical Significance

Enterobacterales

(CRE)

KPC (Klebsiella 

pneumoniae

Carbapenemase), NDM 

(New Delhi Metallo-

$\beta$-lactamase), 

OXA-48

Cause urinary tract, 

bloodstream, and 

pneumonia infections. KPC 

is the most common in the 

US and Europe.

Pseudomonas 

aeruginosa (CRPA)
VIM, IMP, KPC

Common cause of hospital-

acquired pneumonia and 

wound infections.

Acinetobacter 

baumannii (CRAB)

OXA-23, OXA-40, OXA-

58

Highly resilient and often 

found in intensive care units 

(ICUs). Causes pneumonia 

and meningitis.





Vancomycin resistant enterococci (VRE)

E. faecium
E. faecalis
GIT comensals

vanA or vanB
Plasmid mediated

Nosocomial infections in the urinary tract, bloodstream 
(bacteremia), endocarditis, and surgical wounds.

Intensive Care Units (ICUs) and other units where 
patients have prolonged hospital stays

Treatment: linezolid, daptomycin, tigecycline, 
chloramphenycol



Increasing trend

ECDC: EARSNET report 2022



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 diagnostics, 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.

Last line antibiotics to treat MDR bacteria
To be used after other options failed
For serious/complicated infections
New antibiotics

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

Critically important
High resistence potential, 
Limited specific indication

Examples

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

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

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



Antibiotics – high risk business adventure



Price of therapy



What drives antibiotic resistance?

• 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 antibiotics
• Spread of resistant bacteria
• Shortage of new ATBs

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



Consumption of antimicrobial drives resistance
but…

1. Total ATB consumption in community is higher than in hospitals
but among much greater amount of people over much larger
area.
Concentration and constant presence of ATB are important!!!

2. Main treats are hospital aquired bugs like CPE, VRE and MRSA 

3. Patients are not those who prescribe the antibiotics.

4. Shorter courses of ATB treatment does not seems to be the
main issue

5. Highest amount of antimicrobials is not even consumed by 
humans



AMR problem is about disfunctional healthcare
and society

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!


