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Timeline of development of 
new anbiotic classes vs. resistance



Drug resistant bacteria
How does it happen ? 



Antibiotic resistance

Overview of the molecular mechnisms Mechanisms



Antibioresistance

Yesterday …. Today ….
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Streptococcus pneumoniae

Penicillin resistance
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Goossens H. Lancet 2005;365(3459):579-87

Penicillin consumption outside hospitals

Antibiotic resistance



What are multi-resistant bacteria?



MDR At least 1 resistance in at least 3 different 
antibiotic families

XDR Acquired resistance for a molecule in all but 1 or 
2 antibiotic families

PDR Acquired resistance in all antibiotic families



THEORY
MDR At least 1 resistance in at least 3

different antibiotic families

XDR Acquired resistance for a molecule in
all but 1 or 2 antibiotic families

PDR Acquired resistance in all antibiotic
families

PRACTICE
Staphylococcus aureus

• methicillin-resistant (MRSA) = MDR 
• resistance to methicillin and glycopeptides 

(vancomycin, etc.) = XDR

Enterobacteriaceae (E. coli, K. pneumoniae, etc.)
• production of an extended-spectrum

betalactam (ESBL) = MDR
• production of a carbapenemase (CPE) = XDR



Staphylococcus aureus

Methicillin resistanceAntibiotic resistance



Multiresistance….

….



Klebsiella pneumoniae (EU)
Antibiotic resistance to third generations cephalosporins Antibiotic resistance to carbapenems

Surveillance Atlas of Infectious Diseases (europa.eu)

https://www.ecdc.europa.eu/en/surveillance-atlas-infectious-diseases


Klebsiella pneumoniae

OXA-48 –like-producing K. pneumoniae

NDM-producing K. pneumoniae

KPC-producing K. pneumoniae

Figure - PMC (nih.gov)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4904035/figure/F1/


Carbapenem-resistant
Enterobacterales

Regional distribution of CPE in Switzerland

Evolution of Kl. pneumoniae resistance in Switzerland

Temporal course of CRE in Switzerland



Enterococcus faecium

Vancomycin resistance in Switzerland

Antibiotic resistance in UE

Evolution of antibiotic resistance in Switzerland



Enterococcus faecium

Vancomycin resistance in Switzerland

Outbreak in Switzerland

Evolution of antibiotic resistance in Switzerland



Antibiotic selection pressure

Streptococci

Candida spp

Enterobacteriaceae



Burden of antibiotic therapy



How can we measure the burden of antibiotic resistance?

• Incidence in relation to the population
• Prevalence: proportion of R in the species 
• Mortality, lethality
• Potential years of life lost = DALY (disability-adjusted life years) 



Multiresistant bacteria - Death







2010-2019
Infection +104%
DALYs +70%
Death +111%



Cost of antibiotic resistance



Campaign to raise awareness of the correct 
use of antibiotics



“One health" global approach
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Influenza-Pandemie Plan Schweiz

• The central ethical values in the fight against a pandemic are the 
protection of life, fairness, freedom, responsibility and solidarity
• In the event of a crisis, appropriate measures should be taken to 

prevent disunity
• Distributive justice is a principle that must be respected. By this we 

mean the justice of the rules of distribution and their results 
• Every human being has the same value when it comes to life and 

health
• The life of every person, young or old, man or woman, rich or 

marginalised, etc....... has the same value.



Pandemic distribution principles



Evolution of the COVID-19 pandemic, Switzerland and 
Liechstentein

Laboratory-confirmed cases

Cases hospitalised
laboratory confirmed

Vaccination



Evolution of the COVID-19 pandemic, 
Switzerland

New COVID infections 
in Swiss prisons



Evolution de la pandémie COVID-19, Suisse et Liechstentein

Laboratory-confirmed cases

New COVID infections 
in Swiss prisons

Vaccination



Adjusted cumulative risk of COVID-19 
infection in the event of a prison outbreak



Transfers of prisoners and COVID-19 cases 
to a detention centre



Association between incarcerated population density, 
COVID-19 incidence in the general population and COVID-19 incidence 

in Massachusetts prisons
21 April 2020 -11 January 2021



COVID-19 infections 
in a Lombardy prison
March 2020 - February 2021

• In the general population
• Among prison staff
• Among prisoners



COVID-19 infections 
in a Lombardy prison
March 2020 - February 2021

Containment measures
• Among prison staff
• Among prisoners



COVID-19 infections in prisons:
Inmates and prison staff



COVID-19 infections in prisons:
Inmates and prison staff
Swiss data



Outbreak of COVID-19 in a Milanese prison
20 February – 30 April 2020

n=123

Epidemic curve Location

R. Giuliani, Eurosurveillance 2021: 26(38) 



Multimodal initiatives

R. Giuliani, Eurosurveillance 2021: 26(38) 

Outbreak of COVID-19 in a Milanese prison
20 February – 30 April 2020

n=123



Managing outbreaks of highly contagious 
diseases in prisons : a systematic review





Don't overlook the psychological 
consequences of a pandemic in prisons



Measures taken to prevent the occurrence 
of COVID-19 cases in prisons

Cien Saude Colet. 2020 Sep;25(9):3493-3502. doi: 
10.1590/1413-81232020259.15682020. Epub 2020 Aug 28.



Release and 
re-entry into the community



Points moins discutés 
• Pandemic/epidemic preparedness
• Training and education
• Communication and its risks
• Means of protection
• Care of sick prisoners

• Epidemiological surveillance 
• Vaccination and its effect

Others considerations ….



In Switzerland, discussion in progress

• Revision of the law on epidemics
• Future pandemic plan
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Controlling the spread of micro-organisms 

Standard precautions (SP) 

• To limit cross-transmission of micro-
organisms

• To ensure systematic protection of other 
patients, health-care staff and the care 
environment

Additional measures

Standard 
precautions

Additionnal
measures

Standard precautions (SP) 

• To limit cross-transmission of micro-
organisms

• To ensure systematic protection of other 
patients, health-care staff and the care 
environment

Additional measures

Standard 
precautions

Additionnal
measures

95% of the situation



Some bibliography

Recommandations Swissnoso https://www.swissnoso.ch

ECDC https://www.eurosurveillance.org

CDC https://www.cdc.gov

Recommandations WHO https://www.who.int

https://www.swissnoso.ch/
https://www.eurosurveillance.org/
https://www.cdc.gov/
https://www.who.int/




Danke für Ihre
Aufmerksamkeit !


