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• Antimicrobial Resistance (AMR): the ability of 
microorganisms to become resistant to one or 
several antimicrobial agents used for therapy or 
prophylaxis;

• Healthcare-Associated Infections (HAI): all infections 
associated with patient care, in particular hospitals 
and long-term care facilities. 

Antimicrobial Resistance
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Mechanisms of antimicrobial resistance
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• 2/3 of emerging 
infectious diseases are 
zoonotic

• The interrelationship 
between environmental, 
animal and human health 
requires an 
interdisciplinary approach



ONE HEALTH – The example of Escherichia coli

Ecl Lab, Universite de Montreal





ECDC- Annual Epidemiological Report 2016
Antimicrobial Consumption

Population-weighted mean 
consumption of 

antibacterials for systemic 
use in the community was 

21.9 DDD per 1 000 
inhabitants per day, ranging 

from 10.4 in the Netherlands 
to 36.3 in Greece

Data retrieved from European Surveillance System (TESSy)



ECDC- Antimicrobial Consumption 2016
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GLASS | Global Antimicrobial Resistance Surveillance 
System (GLASS)







• 70% are caused by pathogens that are resistant to at 
least one antimicrobial

• Infections due to multi-drug resistant pathogens 
cause approximately 25,000 deaths/year in Europe
▫ In addition to these avoidable deaths, extra healthcare 

costs and productivity losses are estimated to be at 
least EUR 1.5 billion 

• Cost of antimicrobial resistance in US – 5 billion

Antimicrobial Resistance in Healthcare-associated 
infections (HAIs)

The bacterial challenge: time to react. Stockholm: ECDC; 2009 



Prevalence of healthcare-associated infections



• 29 countries, 947 acute care hospitals, N: 231,459 patients
• Prevalence of patients with at least one HAI  - 6% (2.3%-10.8%)

• Adjusted based on average daily number of occupied beds/country  - 5.7%, (CI 
4.5-7.4%)

• 23% HAI upon admission (54% associated with previous stay at the same hospital)



HAI observed and predicted prevalence by 
country



• Health care-associated urinary tract infection (UTI)
▫ Catheter-Associated Urinary Tract Infections (CAUTI)

• Health care-associated bloodstream infection (BSI)
▫ Central Line-Associated Bloodstream Infections 

(CLABSI)

• Hospital-acquired pneumonia (HAP)
▫ Ventilator-Associated Pneumonia (VAP)

• Surgical Site Infection (SSI)

• Clostridium difficile infection (CDI)

Most Important HAIs



• Enterococcus faecium
• Staphylococcus aureus
• Klebsiella pneumoniae
• Acinetobacter baumanii,
• Pseudomonas aeruginosa
• Enterobacter species

• Clostridium difficile

Rice LB. J Infect Dis 2008; 197:1079–81.

 cause the majority of 
hospital infections 

 and effectively “escape” the 
effects of antibacterial drugs

The microorganisms



Antimicrobial Resistance in Healthcare-associated 
infections (HAIs)

ECDC PPS Study 2011.  



• Healthcare 
workers

• Equipment

• Catheters

• Prosthetic devices

• Mechanical 
Ventilation

• Unit of care (ICU, 
ward)

• Environmental 
Surfaces

• Human reservoirs

• Age

• Comorbidities

• Immunosuppression

• Surgery/Burns

• Nutrition

• Chemotherapy

Patient

Presence of 
Microorganisms 

in the 
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TransmissionDevices



Pathogen Duration of persistence

Acinetobacter spp. 3 days – 5 months

Clostridium difficile (spores) 5 months

Eschrrichia coli 1.5 hrs to 16 months

Enterococcus spp 5 days to 4 months

Klebsiella spp. 2 hrs to >30 months

Pseudomonas aeruginosa 6 hrs to 16 months (5 w on 
dry floor)

Staphylococcus aureus 7 days to 7 months

A single hand contact 
can result with a 

contaminated surface 
can result even to 
100% transfer (i.e. 
Escherichia coli, S. 

aureus) 

Kramer A. et al., BMC Inf Dis 2006



Transmission

Kramer A. et al., BMC Inf Dis 2006

Human reservoir: 
1. Persons with acute or 
subclinical illness
2. Carriers
convalescent carriers
chronic carriers
intermittent carriers



HCAIs

Length of 
stay

mortality

Cost
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• USA 
▫ Approximately 90,000 deaths

▫ CLABSI:12.3-35%, VAP:14.4%, CAUTI:2.3%, SSI:2.8%
Klevens RM, et al. Public HealthRep 2007;122(2):160-6.

Pittet D, Harbarth S. Lancet1998;352(9122):83-4.

• Europe (ECDC)
▫ 37.000 deaths/year attributed to HAI

▫ HAIs contribute additionally to 110.000 deaths/year

Healthcare-associated infections and 
Outcomes - Mortality



Carbapenem resistant Klebsiella pneumoniae

Cyprus

• Klebsiella pneumoniae

▫ Carbapenem resistance 
(All invasive isolates)

 2014: 5%

 2016: 10.7%

ECDC
European Antimicrobial Resistance Surveillance Network (ERAS-Net) 2016 Report



Multidrug resistant Acinetobacter baumanii

Cyprus

• Acinetobacter baumannii

▫ Carbapenem resistance 
(All invasive isolates)

 2014: 77.6%

 2016: 71.4%

ECDC
European Antimicrobial Resistance Surveillance Network (ERAS-Net) 2016 Report



Multidrug resistant Pseudomonas aeruginosa

Cyprus

• Pseudomonas aeruginosa

▫ Carbapenem resistance 
(All invasive isolates)

 2014: 33.3%

 2016: 18.8%

ECDC
European Antimicrobial Resistance Surveillance Network (ERAS-Net) 2016 Report



Methicillin-resistant S. aureus (MRSA)

Cyprus

• MRSA

▫ (All invasive isolates)

 2014: 36%

 2016: 38.8%

ECDC
European Antimicrobial Resistance Surveillance Network (ERAS-Net) 2016 Report



Vancomycin-resistant Enterococcus (VRE)

Cyprus

• VRE

▫ (All invasive isolates)

 2014: 40%

 2016: 46.3%*

*Υψηλότερο ποσοστό μεταξύ των Ευρωπαϊκών χωρών

ECDC
European Antimicrobial Resistance Surveillance Network (ERAS-Net) 2016 Report





Sustaining global action on antimicrobial resistance
United Nations Foundation and Wellcome Charitable Trust
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