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The generally accepted definition of complicated UTI includes
infection in the presence of factors that predispose to
persistent or relapsing infection, such as

- foreign bodies (e.g., calculi, indwelling catheters or other drainage devices);

- obstruction;

- immunosuppression;

- renal failure;

- renal transplantation;

- urinary retention from neurologic disease

- infection in men,

- pregnant women,

- children,

- patients who are hospitalized or in health care–associated settings may be
considered complicated



International Study of the Prevalence and Outcomes of Infection in Intensive
Care Units

JL Vincent et al; JAMA 2009, 302:2323-2329

• Point prevalence study

• International ICUs (n=1,265)
– Population:  13,796 patients; 51% infected

• Cohort
– Mean SOFA score:  6.3

– 28% medical, 72% surgery/trauma

– 56% on mechanical ventilation



International Study of the Prevalence and Outcomes of Infection in Intensive
Care Units

JL Vincent et al; JAMA 2009, 302:2323-2329

No. (%)a

Site of 

Infection
All

North 

America

Western 

Europe

Eastern 

Europe

Central/ 

South 

America
Oceania Africa Asia

No. (%)
7087 

(51.4)
607 (48.4) 3683 (49) 426 (56.4) 1290 (60.3) 285 (48.2) 89 (46.1) 707 (52.6)

Respiratory    

tract

4503 

(63.5) 345 (56.8) 2332 (63.3) 305 (71.6)b 851 (66) 165 (57.9) 41 (46.1)b 464 (6 5.6)

Abdominal
1392 

(19.6)
101 (16.6) 778 (21.1) 93 (21.8) 228 (17.7)b 50 (17.5) 16 (18) 126 (17.8)

Blood stream
1071 

(15.1)
157 (25.9) 546 (14.8) 53 (12.4) 139 (10.8)b 49 (17.2) 16 (18) 111 (15.7)

Renal/urinary

tract

1011 

(14.3)
135 (22.2) 411 (11.2) 84 (19.7)b 222 (17.2)b 33 (11.6) 15 (16.9) 111 (15.7)b

Skin 467 (6.6) 26 ( 4.3) 242 (6.6) 37 (8.7) 73 (5.7) 30 (10.5) 8 (9.0) 51 (7.2)

Catheter-

related
332 (4.7) 16  (2.6) 171 (4.6) 21 (4.9) 73 (5.7) 15 (5.3) 4 (4.5) 32 (4.5)

CNS 208 (2.9) 14 ( 2.3) 100 (2.7) 20 (4.7) 40 (3.1) 11 (3.9) 4 (4.5) 19 (2.7)

Others 540 (7.6) 62 (10.2) 289 (7.8) 31 (7.3) 87 (6.7) 22 (7.7) 14 (15.7)b 35 (5.0)b





Susceptible 
gram-negative 

pathogens Resistant 
Escherichia coli
•TEM
•SHV serine 
-lactamases

Resistant  E. coli, 
Pseudomonas 
aeruginosa and 
Klebsiella spp.
•AcrAB
•blaSHV

•blaTEM

•AmpC-type 
-lactamases

Resistant  E. coli, 
P. aeruginosa, Klebsiella 
spp., Enterobacter spp.

•CTX-M-15
•VIM
•IMP

•NDM-1
•Porin defects

•Metallo -lactamases

1960s
Ampicillin

1980s
Cephalosporins  

Fluoroquinolones (1990s)

2000s
Carbapenems 

1. Hawkey. Antimicrob Chemother. 2008;62:i1-9. 
2. Hawkey and Jones. J Antimicrob Chemother. 2009;64:i3-10.
3. Bush. Antimicrob. Agents Chemother. 2010;54:969-76.
4. Livermore. Clin Infect Dis. 2002;34:634-40.
5. Olivares et al. Front Microbiol. 2013;4:103. 

Evolution of Gram-neg pathogens has caused 
widespread drug resistance



Lepper PM, et al.  Antimicrob Agents Chemother. 2002;46:2920-2925.
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Correlation between carbapenem consuption 
and P.aeruginosa resistance
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• Resistance = ↑ morbidity & mortality

• Resistant Gram- in community & hospital settings

• Enhanced infection control practices required

• Different mechanisms of resistance cause different relative 

change in MIC from wild type

– Porin / Efflux / Target site  modest ↑ in MICs

– Enzyme mediated  ↑ in MICs

• PD optimize dosing can overcome modest MIC increases

• Enzyme mediated ↑ MICs require different Tx strategies

Resistance in Gram- pathogens:
Challenges and opportunities



• Anticipate  impact of host on exposure
– Increased clearance
– Increased volume of distribution

• Determine MICs of target pathogen(s)

• Optimize PD using:
– Highest tolerated doses
– Altered infusion techniques                                   

(i.e., Prolonged or Continuous infusion)
– Combination therapy

• Consider availability of new potent agents

• Most expensive antibiotic is the one that doesn’t work 
↑ FAILURE  ↑ LOS & Cost of Care

Optimize antimicrobial exposures



Resistant Gram-

negative Phenotype
CDC Threat Level

Estimated Cases & 

Attributable Deaths in 

US per Year

ESBL-producing 

Enterobacteriaceae
Serious

26,000 cases

1,700 deaths

MDR P. aeruginosa Serious
6,000 cases

400 deaths

Carbapenem-resistant 

Enterobacteriaceae (e.g. 

KPC)

Urgent
9,300 cases

610 deaths

Metallo-β-lactamase-

producers
N/A Very rare

CDC, Antibiotic Resistance Threats in the US, 2013.

Gram- negative resistance:
Four major areas of need



• Superior antipseudomonal activity compared to
ceftazidime

• Active against most ESBL and Amp C-producing
organisms

Ceftolozane/ Tazobactam

• Covers most ESBL-producing E. coli, Klebsiella pneumoniae,
and other Enterobacteriaceae

• Covers most AmpC producers

• Does not have activity against KPC or MBLs



In 2013, the Centers for Disease Control 

and Prevention identified CRE as 

“nightmare bacteria” and an immediate 

public health threat that requires 

“urgent and aggressive action”



• Avibactam inactivates most important β-lactamases except metallo
types and Acinetobacter OXA carbapenemases

• Even metalloenzymes can be overcome by combining avibactam with
aztreonam, which is stable to metallo- β-lactamases, but
vulnerable to the ESBLs and AmpC enzymes that often accompany
them

The virtues of Avibactam



• Activity against ESBLs and some carbapenem resistant
Enterobacteriaceae

• Most KPC producers are susceptibile

• Strains which are carbapenem resistant due to porin
loss plus production of an ESBL or AmpC are susceptible

Activity of CAZ / AVI 



CEFTOLOZANE/TAZOBACTAM is indicated for the treatment of the following
infections in adults:
•Complicated intra-abdominal infections;
•Acute pyelonephritis;
•Complicated urinary tract infections

CEFTAZIDIME/AVIBACTAM is indicated for the treatment of the following
infections in adults:
•Complicated intra-abdominal infection (cIAI)
•Complicated urinary tract infection (cUTI), including pyelonephritis
•Hospital-acquired pneumonia (HAP), including ventilator associated pneumonia
(VAP).
Ceftazidime/avibactam is also indicated for the treatment of infections due to
aerobic Gram-negative organisms in adult patients with limited treatment options.



MA a ME SERVONO ANTIBIOTICI per INFEZIONI delle VIE URINARIE, 

INFEZIONI di CUTE e TESSUTI MOLLI, INFEZIONI ADDOMINALI

oppure

ANTIBIOTICI per MDR ????

…… problema regolatorio/registrativo ……



TERAPIA ANTI-INFETTIVA - CRITICITA’

Scarsa cultura specifica nel mondo medico
tutti prescrivono tutto
molti usano male

Nessun coinvolgimento degli infermieri nella responsabilità prescrittiva

Poca aderenza al concetto di gradualità della prescrizione
il massimo ai pazienti gravi
il minimo ai pazienti stabili

Utilizzo sub-ottimale delle risorse della microbiologia

Scarsa cultura rispetto alla necessità di approccio multidisciplinare in specifici contesti



Current evidence and expert opinion support the following elements as effective
to support the prudent use of antimicrobials in healthcare:

1.  International organisations and agencies

2.  National, regional and local governments

3.  Healthcare facilities (resources, systems and processes)

4.  Clinical microbiologists

5.  Infectious disease specialists

6.  Prescribers

7.  Pharmacists

8.  Nurses

9.  Infection control practitioners

10. Public/patients

11. Professional associations and scientific societies

12. Research funders

13. Pharmaceutical industry

14. Diagnostics industry
European Centre for Disease 
Prevention and Control, 2017



Prevalence of antimicrobial use (percentage of patients receiving at least one
antimicrobial agent) in European hospitals, by country, ECDC PPS 2011–2012

SURVEILLANCE REPORT Healthcare-associated infections and antimicrobial use, 2011–2012 



Tasso di consumo di antibiotici in Emilia-Romagna, 
espresso in DDD/1.000 abitanti-die (AFT e AFO 2004-2014) 

AMS

WHERE ????





80 anni di successi ?

80 anni di sconfitte ?



Time From Antibiotic Approval or 
Introduction to Detection of 
Resistance in Clinical Samples

Antimicrobial Resistance
HD Marston et al; JAMA 2016, 316:1193-1204



European Centre for Disease Prevention and Control. Last-line antibiotics are failing:
options to address this urgent threat to patients and healthcare systems. Stockholm:
ECDC; 2016



LA CRISI DEGLI ANTIBIOTICI: 
QUALI RISPOSTE

Nuovi farmaci

Terapie alternative

Strategie di prevenzione

Anti-Microbial Stewardship

AMS: visione “di sistema” della terapia antimicrobica. Uscire dall’individualismo
terapeutico per passare ad una filosofia di utilizzo ecologico degli antimicrobici













A Program to Prevent Catheter-Associated Urinary Tract Infection in Acute Care
S Saint et al, NEJM 2016; 374:2111-9
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