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Multidrug-resistant, extensively drug-resistant and pandrug-resistant
bacteria: an international expert proposal for interim standard

definitions for acquired resistance

• Applied to  5 groups of pathogens S. aureus, Enterococcus spp., 
Enterobacteriaceae (other than Salmonella and Shigella), P. aeruginosa
and Acinetobacter spp.

• Non-susceptible to an antimicrobial agent: resistant, intermediate or 
non-susceptible  clinical breakpoints EUCAST, CLSI and FDA for 
acquired and not intrinsic antibiotic resistance

• MDR  (MULTI DRUG RESISTANT non susceptible to at least 1 agent in > 3
antimicrobial categories specific for each bacterium

• XDR (EXTENSIVELY DRUG RESISTANT)   non-susceptible to at least 1 agent
in < 2 antimicrobial categories specific for each bacterium

• PDR (PAN DRUG RESISTANT) non susceptible to all agents in all
antimicrobial categories

Magiorakos A.-P. Clin Microbio Infect 2012 18: 268-81



Antimicrobial categories and agents used to define 
MDR, XDR PDR

• * Enteroc
*

§

•E. faecium intr. Res
•§ E. faecalis intr res

Staphylococcus 
aureus

Enterococcus spp Enterobacteriaceae

Pseudomonas 
aeruginosa

Acinetobacter spps

Magiorakos A.-P. Clin Microbio Infect 2012 18: 268-81
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Epidemiology of MDR in Europe 2012 
% of invasive (blood and cerebrospinal fluids) isolates  

E coli ESBL K pneumoniae CP

Acinetobacter spp
Resistant to 
Carbapenems

MRSA

www.cdc.europa.eu
Italiani e Greci .. Una faccia una razza…
E. Monteleone G Salvatores.  Mediterraneo 1991 



Escherichia coli: percentage of invasive isolates with 
resistance to third-generation cephalosporins

2009 2013



Carbapenem-resistant Klebsiella pneumoniae
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Infection control services in Europe:
human resources

Doctors
Nurses
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COPS
Colonizing
Opportunistic Pathogens
S. aureus Livestock associated MRSA ST 398
C. difficile
E. Coli  ExPEC ST 131 Food borne UTI
K. pneumoniae
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Combating Antimicrobial Resistance: Policy 
Recommendations to Save Lives

• I. Adoption of Economic
Incentives and Support for
Other Collaborative 
Mechanisms to Address the 
Market Failure of Antibiotics

• II. New Regulatory
Approaches to Facilitate 
Antimicrobial Development
and Approval

• III. Greater Coordination of
Relevant Federal Agencies’ 
Efforts

• IV. Enhancement of
Antimicrobial Resistance
Surveillance Systems

• V. Strengthening Activities to
Prevent and Control
Antimicrobial Resistance

• VI. Significant Investments in 
Antimicrobial-Focused
Research

• VII. Greater Investment in 
Rapid Diagnostics R&D and 
Integration into Clinical
Practice

• VIII. Eliminating Non-
Judicious Antibiotic Use in 
Animals, Plants, and Marine 
Environments

Infectious Diseases Society of America 2012





IS TRAIL THE 
HOLY GRAIL 
?  
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Situazione Endemica Situazione  epidemica

Evidenza Raccomandazione Evidenza Raccomandazione

Igiene delle Mani Moderata Forte Molto bassa Forte

Screening attivo Non considerato Moderata Forte

Precauzioni da contatto Moderata Forte Moderata Forte

Alert Code Moderata Condizionale Moderata Forte

Cohorting pz. Non considerato Moderata Condizionale

Cohorting staff Non considerato Moderata Forte

Stanza d’isolamento Moderato Forte Moderata Forte

Educazione personale Moderata Condizionale Moderata Condizionale

Pulizia ambientale Moderata Condizionale Moderata Condizionale

Screening ambientale Non considerato Basso Condizionale

Antimicrobial Stewardship Moderato Condizionale Molto 
Basso

Condizionale

Infratstruttura e programma Non considerato Moderato Condizionale



Antimicrobial use in acute care hospitals in 
Europe



Fig 1. ‘Average Microbial Resistance’ against ‘Antibiotic Use.’

Collignon P, Athukorala Pc, Senanayake S, Khan F (2015) Antimicrobial Resistance: The Major Contribution of Poor Governance and Corruption 
to This Growing Problem. PLoS ONE 10(3): e0116746. doi:10.1371/journal.pone.0116746
http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.0116746

http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.0116746


Fig 2. ‘Average Microbial Resistance’ against ‘Control of Corruption.’

Collignon P, Athukorala Pc, Senanayake S, Khan F (2015) Antimicrobial Resistance: The Major Contribution of Poor Governance and Corruption 
to This Growing Problem. PLoS ONE 10(3): e0116746. doi:10.1371/journal.pone.0116746
http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.0116746

http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.0116746


THE ROLE OF ANTIMICROBIAL STEWARDSHIP TO PREVENT THE 
SPREAD  OF MDR GRAM NEGATIVES



Antimicrobial Stewardship Programs

ASPs are designed 

•to optimize antimicrobial therapy, 

•to improve patients’ outcomes, 

•ensure cost-effective therapy and 

•reduce adverse effects associated with antimicrobial 
use, including antimicrobial resistance 

MacDougall C et al. Clin Microbiol Rev 2005; 18; 638–656 
Lesprit P et al. Curr Opin Infect Dis 2008:21; 344–349 



Implementing an Antibiotic Stewardship Program:
Guidelines by the Infectious Diseases Society of America

and the Society for Healthcare Epidemiology of America 2016

• Preauthorization and/or 
prospective audit and 
feedback for antibiotic
prescription

• Educational activities, ONLY to
complement other
stewardship activities.

• Develop and Implement
Facility-Specic Clinical Practice
Guidelines for Common 
Infectious Diseases Syndromes

• Implement Interventions to
Improve Antibiotic Use and 
Clinical Outcomes That Target 
Patients With Specic
Infectious Diseases
Syndromes (ie CDI) 

• Strategies (eg, antibiotic time-outs, 
stop orders) to encourage prescribers
to perform routine review of antibiotic
regimens to improve antibiotic
prescribing

• Clinical Decision Support Systems
Integrated into the Electronic Health
Record at the Time of Prescribing

• No antibiotic cycling
• Implement PK monitoring and 

adjustment programs for
aminoglycosides and vancomycin

• Alternative Dosing Strategies Based on 
PK/Pharmacodynamic Principles to
Improve Outcomes and Decrease Costs
for Broad-Spectrum ß-Lactams and 
Vancomycin



• Increase both appropriate use of
oral antibiotics for initial therapy
and the timely transition of
patients from IV to oral antibiotics

• For Patients With a Reported
History of ß-Lactam Allergy
Implement Allergy Assessments
With the Goal of Improved Use of
Frst-Line Antibiotics

• Implement guidelines and 
strategies to reduce antibiotic
therapy to the shortest effective
duration

• Stratified antibiograms ( by
location and age) selective and 
cascade reporting of antibiotics

• Rapid Viral Testing for Respiratory
Pathogens to Reduce the Use of
Inappropriate Antibiotics

• Rapid Diagnostic Testing on Blood
Specimens to Optimize Antibiotic
Therapy and Improve Clinical
Outcomes

• ICUs with suspected infection,  use
of serial PCT measurements

• In patients with hematologic
malignancy incorporating
nonculture-based fungal markers

• Measure the impact of the program
by monitoring antibiotic use as
measured by days of therapy (DOTs) 
in preference to defined daily dose 
(DDD)  and measure antibiotic
costs

Implementing an Antibiotic Stewardship Program:
Guidelines by the Infectious Diseases Society of America

and the Society for Healthcare Epidemiology of America 2016
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Potent synergy of ceftobiprole plus daptomycin against multiple strains of S. aureus with
various resistance phenotypes. Barber KE et al, J Antimicrob Chemother 2014; 69: 3006–10

Broth microdilution MICs of ceftobiprole, daptomycin, vancomycin, rifampicin and gentamycin were
evaluated for 20 MRSA isolates. Combination MICs were additionally evaluated in the presence of
subinhibitory concentrations of ceftobiprole to assess synergism.

Time–kill curves for five
representative isolates were
performed utilizing combinations
of ceftobiprole plus daptomycin,
vancomycin, rifampicin and
gentamicin to further quantify the
degree of synergy for each
regimen
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BLBLI, if active in vitro, appear as 
effective as carbapenems for ET 
and TT of BSI due to ESLB-E 
regardless of the source and 
specific species. 
These data may help to avoid the 
overuse of carbapenems.



Fosfomycin was non-
inferior to ertapenem
for treating outpatient 
ESBL UTIs and should 
be considered as 
appropriate step-down 
therapy for these 
infections.
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Bactericidal activity and degree of killing by single drugs 
and 2- and 3-drug combinations against KPC K. 

pneumoniae isolates

Hong AAC 2013
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Kaplan-Meier survival estimates of 125 patients who received adequate therapy

Mortality:
25 of the 46 (54.3%) 
whose regimens
were classified as 
monotherapy and 27 
of the 79 (34.1%)
who were on 
combination regimens 
(P = 0.02)

http://cid.oxfordjournals.org/content/current
http://cid.oxfordjournals.org/content/current


• Doxycycline alone or in combination with an 
aminoglycoside possesses potential antibacterial activity 
and can be considered an alternative for CRE infections..



CEFTAZIDIME-AVIBACTAM
Avibactam is a non–b-lactam b-lactamase inhibitor, acting against
the activities of Ambler class A and C and some Ambler class D
enzymes

•Through the addition of avibactam, ceftazidime’s activity is
expanded to many ceftazidime-resistant and carbapenem-resistant
Enterobacteriaceae and P. aeruginosa. This includes isolates
producing a variety of Ambler class A and C b-lactamases including
AmpC, ESBLs, and KPC, as well as select class D OXA enzymes.

•In contrast, ceftazidime-avibactam does not possess any
appreciable activity against the Ambler class B metallo–b-
lactamases.

•FDA approved as rescue option for CIAI and cUTI



In Vitro Activity of CEFTOLOZANE/TAZOBACTAM and Various 
Comparator Agents Against P.  aeruginosa   (US Hospitals 2011-2012)

Farrell et al.  Antimicrob Agents Chemother.  201 3;57:6305- 1 0.  
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Piperacillin/tazobactam

Ceftazidime

Meropenem

Levofloxacin

Ceftolozane/ 
tazobactam Piperacillin/ tazobactam Ceftazidime Meropenem Levofloxacin

MIC50/MIC90 %S*a MIC50/MIC90 %Sb MIC50/MIC90 %Sb MIC50/MIC90 %Sb MIC50/MIC90 %Sb

All (1971) 0.5/2 98.5 8/>64 76.8 2/32 82.9 0.5/8 80.3 0.5/>4 74.9
MDR (310) 2/8 90.3 >64/>64 11 32/>32 22.6 8/>8 19.4 >4/>4 15.2
XDR (175) 4/16 85.7 >64/>64 2.3 32/>32 9.1 8/>8 7.4 >4/>4 2.9

P. aeruginosa isolates

Relatore
Note di presentazione
Ceftolozane/tazobactam demonstrated potent in vitro activity against Pseudomonas aeruginosa. In vitro activity was higher for ceftolozane/tazobactam than for the comparator agents piperacillin/tazobactam, ceftazidime, meropenem, and levofloxacin. ReferenceFarrell et al. Antimicrob Agents Chemother. 2013;57:6305-10.MDR, multidrug resistant; MIC50, minimum inhibitory concentration required to inhibit the growth of 50% of organisms; MIC90, minimum inhibitory concentration required to inhibit the growth of 90% of organisms; XDR, extremely drug resistant.MIC values were determined using the reference Clinical and Laboratory Standards Institute (CLSI) broth microdilution method (M07-A9) and interpretive criteria for comparator compounds used the CLSI M100-S23 guidelines. Multidrug resistant (MDR) and extensively drug resistant (XDR) were classified according to recommended guidelines (Magiorakos et al. Clin Microbiol Infect. 2012;18:268-281).





• Clinical trials showed non-inferiority to 
comparators of both agents when used in the 
treatment of complicated urinary tract 
infections and complicated intra-abdominal 
infections (when used with metronidazole).

• Results from pneumonia studies are not yet 
been reported.



The antimicrobial spectrum of activity of these 
antibiotics includes multi-drug resistant Gram-
negative bacteria, including Pseudomonas
aeruginosa. Ceftazidime/avibactam is also
active against carbapenem resistant
Enterobacteriaceae that produce KPC.
However, avibactam does not inactivate 
metallo-β-lactamases such as New Delhi 
metallo-β-lactamases.



NEW ANTIBIOTICS w/o RESISTANCE ?

• Teixobactin inhibition of cell wall synthesis 
(MRSA, VRE, MT)

• Pept-in (aggregating peptide CoNS)
• Antibody antibiotic coniugates (AAC) (MRSA)
• Aminomethylciclines ( Paratek + Novartis) 
• Multiple Antibiotic Resistance (MAR)  locus 

small molecules inhibitors



Despite an immense sense of sadness this talk is dedicated to Giampietro Gesu
A Man A Doctor a Maestro and a Friend  
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