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The rapid evolution of ESBL-producing 

Enterobacteriaceae

Global dissemination

Hospital-, but also community-acquired infections

Dissemination in long-term care facilities and nursing 

homes

Doi et al - Clin Infect Dis 2013

Rooney et al - J Antimicrob Chemother 

2009

Dhanji et al -J Antimicrob Chemother 

2011
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The domino effect of the ESBL epidemic
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The double domino effect of the CPE epidemic
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Colistino R
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Lancet 2016;2:161-168

Antimicrob Agents Chemother 2016;60(5):3257-

3258

Lancet Infect Dis 2016;16(2):147-149

Antimicrob Agents Chemother 2016; 60(9):5612-5615



Conclusions: Our study shows that in severe infections due to COS gram-

negative bacteria, the high-dose, extended-interval CMS regimen has a high

efficacy, without significant renal toxicity
Clin Infect Dis 2012;54:1720-6

Antimicrob Agents Chemother 2016;60(1):431-436

Clin Infect Dis 2015;61:1771-7

Conclusions: In severely ill patients receiving colistin according to a PK/PD-driven

dosing approach, baseline renal impairment and older age strongly predict AKI

occurrence, but concomitant administration of ascorbic acid markedly reduces AKI

risk, allowing safer use of colistin
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Germi BSI/Endocarditi degenza
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Nei CoNS la MR non sempre 

si correlata al gene mecA ed 

è specie dipendente

25° Meeting GiViti 19-21 Ott 2016
Journal of Clinical Microbiology

2000;38(2):752-754



Mirata BSI/Endocarditi
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Mirata BSI/Endocarditi MRSA
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Consumo MeropenemMirata BSI/Endocarditi CoNS OXA R
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Clin Infect Dis 2008;46(2):193-

200

Conclusion: High 

vancomycin MIC was 

associated with a higher 

mortality rate in

MRSA BSI 
Clin Infect Dis 2012;54(6):755-

71

MIC>1

Antimicrobial Agents Chemother

2016;60(5):2601-2609

serum trough levels of 15 to 20

mg/liter are considered a surrogate

marker of an AUC/MIC ratio of >400

for a MIC of <1 mg/liter. For

Staphylococcus aureus strains

presenting with a MIC >1 mg/liter, an

alternative agent should be

considered



J Antimicrob Chemother  2009;63:485-488

Rose WE

vanco/rifa

vanco/tige



Clin Infect Dis 2012;54(1):51-8Moore CL
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Clinical Infectious Diseases

2013;56(11):1562–9

CONCLUSIONS: Treatment of MRSA BSI with daptomycin was

associated with reduced clinical failure and 30-day mortality; this finding

was independent of vancomycin BMD MIC
Antimicrobial Agents Chemother 2016;Jul 18:Epub ahead

of print

Claeys KC
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Addition of amoxicillin/clavulanic acid or ampicillin to daptomycin prevents, or greatly delays, 

daptomycin resistance in vitro. Future studies in animal models are needed to predict the utility 

of these combinations in humans

Int J Antimicrobial Agents 2010;35:451-456

Il principale meccanismo di azione di questo sinergismo è 

dovuto al fatto che l’esposizione ai beta-lattamici incrementa 

la carica negativa sulla parete batterica dei batteri gram 

positivi, il che a sua volta incrementa il legame con la 

daptomicina complessata al calcio2+(molecola carica 

positivamente)

Antimicrobial Agents Chemother 2010;54(8):3161-3169
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Daptomycin in critical ill 

patients

Falcone M

Clin Infect Dis 2013;57:1568-1576 25° Meeting GiViti 19-21 Ott 2016



High-dose daptomycin vs linezolid 

against VRE 

Daptomycin displayed a dose-dependent response ... 

high-dose producing sustained bactericidal activity

25° Meeting GiViti 19-21 Ott 2016Antimicrob Agents Chemother 2012;56(6):3174-3180



Linezolid antagonized the activity of vancomycin and daptomycin 6 mg/kg and 10 mg/kg at 24 and 48 h. 

Antimicrob Agents Chemother

2015;59(12):7790-7794
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Antimicrob Agents Chemother 1989;36:2611-2616

J Infect Dis 1989;159:938-944

Diffusione degli antibiotici nelle vegetazioni
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Anti-MRSA agents: a relatively broad repertoire

New long-acting glycopeptides

New once-a-day oxazolidinone

New anti-MRSA beta-lactams

(5th generation cephalosporins)

Resistance with these drugs is reported 

but overall remains uncommon



Dalbavancin
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Bouchner et al NEJM 2014

Dunne et al Clin Infect Dis

2016

Dunne et al Drug Saf 2016



Oritavancin
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Zhanel et al Clin Infect Dis

2012

Brade et al Inf Dis Ther

2016



Tedizolid
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Locke et al Clin Infect Dis 2014

Burdette & Trotman Clin Infect Dis

2015



Ceftobiprole

25° Meeting GiViti 19-21 Ott 2016
Lovering et al J Biol Chem

2014



Ceftobiprole
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Consumo Meropenem
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Mirata BSI/Endocarditi AciBau Carba R



Trattamento infezioni da MDROs

Clin Infect Dis 2006;43:S95-9

RAZIONALE

meccanismo sequenziale di azione

la colistina disorganizzando la membrana permette alla

rifampicina di entrare nel batterio

la rifampicina inibisce la RNA polimerasi a livello della sua

subunità ß

Novel combinations are the only remaining therapeutic option

Clin Microb Reviews 2008;21:449-

465
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Bai Y

73 MDR Acinetobacter baumannii

Antimicrob Agents Chemother

2015;59(3):1466-1471
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Penwell WF

Sulbactam inhibits PBP1 and PBP3 but not PBP2 in A. baumannii 

Sulbactam preferentially inhibited

PBP1a and PBP3 over PBP2, as

did aztreonam and ceftazidime,

although the latter two compounds

were notably more reactive.

Mecillinam reacted predominantly

with PBP2, whereas meropenem

was quite reactive with all three

PBPs tested but with lower

potency against PBP3 than

against PBP1a or PBP2, as

described previously

Antimicrob Agents Chemother

2015;59(3):1680-1689
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Kim et al. PLoS ONE 2016;11(3): 

e0150642 

clinical 

success
microbiologic

al

success

nephrotoxicity mortality 30 day mortality ICU mortality in

hospital

TCG group 

(30)

CST group 

(40)

Clinical 

outcomes

Our results suggest that tigecycline-

based therapy was tolerable and the

clinical outcome was comparable to

that of colistin-based therapy for

patients with MDR/XDRAB

pneumonia. In addition, combination

therapy may be more useful than

monotherapy in treatment of

MDR/XDRAB pneumonia

clinical 

success
recurrence of

infection

mortality 30 day mortality ICU mortality in

hospital

TGC monotherapy 

(41)

TGC  combination therapy 

(29)
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Mirata polmoniti
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Mar Sole
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J Antimicrob Chemother 2015;70(11):3004-

13



This study provides additional

PK/PD and clinical outcome

data to support the practice of

administration of

piperacillin/tazobactam and

meropenem by prolonged

infusion in critically ill patients,

particularly for patients with

respiratory infections

J Antimicrob Chemother 2016;71:196-

207
25° Meeting GiViti 19-21 Ott 2016



EUCAST recommends 

considering 

Enterobacteriaceae with MICs

of ≤8 mg/L as susceptible, 

MICs of 16 mg/L are 

intermediate and those with 

>16 mg/L as resistant;

intermediate MIC can be 

treated with higher doses 
prospective cohort study 

25° Meeting GiViti 19-21 Ott 2016J Antimicrob Chemother 

2016:doi:10.1093/jac/dkv362 



White BP
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Cmax/MIC≥10

AUC/MIC≥75
We clearly show that the regulatory approved dose of 15 mg/kg/day is expected to be suboptimal based

on PK-PD targets. Recent clinical studies corroborate this approach by suggesting that an initial amikacin

dose ≥ 25 mg/kg is likely needed as empirical therapy of certain Gram- negative infections

Crit 

Care 2013;17:R165

Intensive Care Med 2014;40:998-

1005

Eur J Clin Pharmacol 2015;71:75-

83

If rapid target attainment and

short-term use of amikacin

are the empirical goals to

optimize effect and safety,

respectively, then the use of a

single initial 2,500 mg dose of

amikacin followed by TDM to

individualize the dose is

suggestedAntimicrob Agents Chemother

2015;59(11):7094-7096

Recent recommendations suggest 

target peak concentrations of 30–40 

mg/L for gentamicin and 60 – 80 

mg/L for amikacin (EUCAST) 

Conclusions

Doses of 30 mg/kg amikacin or 8

mg/kg gentamicin led to targeted

peak concentrations in 59% of

patients, but they led to high

trough concentrations in more

than 50% of patients

J Antimicrob Chemother

2016;71:208-212



Old β-lactamase inhibitors

Tazobactam

Activity vs:

Broad-spectrum β-lactamases and ESBLs of 

class A (TEM, SHV, CTX-M)

No/poor activity vs:

Carbapenemases (MBLs, KPC, OXA)

AmpC-type β-lactamases

OXA-type β-lactamases

Inhibitor-R TEM (IRTs) 

Clavulanic acid

Sulbactam
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Changing the b-lactam partner: Ceftolozane-Tazobactam

No/poor activity vs:

Carbapenemases (MBLs, KPC, OXA)

OXA-type β-lactamases

Activity vs:

Broad-spectrum β-lactamases and ESBLs of 

class A (TEM, SHV, CTX-M)

AmpC-type B-lactamases

Some class D oxacillinases (OXA-1) 
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Stable vs. Pseudomonas AmpC beta-lactamase

Entry independent of OprD porin

Not affected by efflux systems (MexAB, MexXY)

Castanheira et al – AAC 2014

Resistance Mechanisms
Outer Membrane 

Porin Loss
β-lactamase 

Enzyme 
Efflux Pump Efflux Pump

OprD AmpC MexXY MexAB

Ceftolozane

Ceftazidime

Cefepime

Piperacillin/tazobactam

Imipenem

Meropenem

Not affected Partially affected Affected 

Ceftolozane: basis for potent anti-Pseudomonas activity



Pseudomonas aeruginosa
(Italian countrywide surveillance 2013-14)

25° Meeting GiViti 19-21 Ott 2016Giani et al ICAAC 2015



Pseudomonas aeruginosa Italian countrywide surveillance
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Ceftolozane/Tazobactam vs XDR Pseudomonas aeruginosa
(Italian countrywide surveillance 2013-14)
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1225

448

339
125140

ZEPHyR trial
pazienti randomizzati

polmoniti da MRSA

inclusi nello studio

gruppo LZD (68.3%)

 gruppo Vanco (74,5%)

0
15
30
45
60
75

Clinical success
rate

Linezolid Vancomicina

57,6% 46,6%

1515,51616,51717,5

mortalit
y

Linezolid Vancomicina

95% CI

p=0.042

48th Annual Meeting IDSA Oct

2010

Barcellona Nov 2011

ZEPHyR trial



Mirata MSSA
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Among the 122 ptz who

initially received vancomycin

empirically, those who were

switched to naftcillin or

cefazolin (66/122) had 69%

lower mortality hazards

compared to those who

remained on vancomycin

25° Meeting GiViti 19-21 Ott 2016

I Glicopeptidi intrinsecamente sono meno efficaci 

contro gli stafilococchi rispetto ai beta-lattamici con 

potere anti stafilococcico

le penicilline semi-sintetiche come l'oxacillina 

presentano un potente effetto battericida in vitro se 

comparato con i glicopeptidi.

l'oxacillina interagisce sinergicamente con peptidi 

antimicrobici cationici chiamati tPMP-1 (thrombin-

induced platelet microbicidal protein) che 

posseggono potente attività battericida Blood 201;118:1714-

1715



Wong et al.  Ann Clin Microbiol Antimicrob 

2016;15:27 
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Mirata Polmoniti AciBau 

Carba R
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Mirata Polmoniti 

Pseudomonas Carba R
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Ann. Intensive Care (2016) 6:26 DOI 10.1186/s13613-016-

0127-7
25° Meeting GiViti 19-21 Ott 2016



inhaled amikacin 400 mg every 12h

ELF

iv meropenem 2gr every 8h

mono e combo
control

Mem mono

Amika mono

Combo

Inhaled AMIKACIN monotherapy

showed bactericidal activity

against most isolates tested with

amikacin MICs ≤256 mg/L.

ADJUNCT INHALED AMIKACIN PLUS

MEROPENEM sustained this

activity for 72 h for the tested

isolates with

amikacin/meropenem MIC

≤64/32 mg/L.

J Antimicrob Chemother 

2016:doi:10.1093/jac/dkv370 
25° Meeting GiViti 19-21 Ott 2016
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Mirata BSI/Endocarditi Klebsiella KPC



Mirata Polmoniti 

Klebsiella KPC
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Mirata KPC durata 

> 72 ore
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Mortality rates: 

30.4%tigecycline plus 

colistin; 50% tigecycline 

plus gentamicin; 57%

colistin plus gentamicin; 

12.5% tigecycline, colistin, 

and meropenem; and 

16.6% tigecycline, 

gentamicin, and 

meropenem.

Clin Infect Dis 2012;67(11):2560-

2569

Tumbarello M

J Antimicrob Chemother

2015;70:2133-2143

Tumbarello M

J Antimicrob Chemother

2015;17:1135-1141

Gonzales-Padilla  M

J Antimicrob Chemother

2015;70:905-913



Curr Opin Infect Dis Sept 2016;Aug 31:Epub ahead of print

Bassetti M

The 

management 

of MDR 

Enterobacteri

aceaeBassetti M
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Meropenem, CRRT e infusioni 

prolungate

1000 individui

Meropenem 1-2 g in infusione i.v. di 3-5 ore x3/die

64

Cmin

5 h

5 h
3 h

3 h
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J Antimicrob Chemother

2015;70(9):2589-97

polymyxin B in combination with chloramphenicol at clinically

relevant concentrations significantly enhances bacterial killing.

Notably, the combination suppressed the emergence of polymyxin-

resistant subpopulations over a 24 h period

Old Drug

Brindisi 24 Nov 2016



New beta-lactamase inhibitors: a breakthrough against CRE

25° Meeting GiViti 19-21 Ott 2016
Drawz et al Antimicrob Agents Chemother

2014

Lahiri et al IACS Chem Biol 2014



Activity of Ceftazidime +/- Avibactam vs Enterics

25° Meeting GiViti 19-21 Ott 2016Testa et al Int J Antimicrob Agents 2015



Summary of susceptibility data from 11 in vitro studies

25° Meeting GiViti 19-21 Ott 2016
Lagacè-Wiens P et al Core Evid

2014



Mortality attributable to Klebsiella pneumoniae 

resistant to carbapenems and colistin in patients admitted to ICU

with infection on admission. 

Analysis of 801 patients admitted to 137 Italian ICUs
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GiViTi Calibration Test and Belt
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Mortality attributable to Klebsiella pneumoniae 

resistant to carbapenems and colistin in patients admitted to ICU

with infection on admission. 

Analysis of 801 patients admitted to 137 Italian ICUs
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A Microbiology Lab of early 1900s
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A Microbiology Lab of early 2000s



Nuove tecnologie in diagnostica microbiologica
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I tempi delle analisi batteriologiche (emocoltura)

25° Meeting GiViti 19-21 Ott 2016



Spettrometria di massa con tecnologia MALDI-TOF
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Workflow delle emocolture con MALDI-TOF
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Antibiogramma rapido con tecnologia light scattering (LST)
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Antibiogramma rapido in LST come strumento utile per la stewardship antibiotica

Sepsi in un paziente post-intervento cardiochirurgico

Terapia empirica: PIP/TAZ + VANCO

Emocoltura positiva dopo 5 h (bacillo Gram-negativo)

Revisione: Colistina + Gentamicina + MeropenemHD

Antibiogramma definitivo, dopo 42 ore

ha confermato il profilo di sensibilità

Revisione con anticipo di 2 giorni



Single Cell Automated Time-lapse Microscopy
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Single Cell Automated Time-lapse Microscopy
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Antibiogramma rapido con SC-ATLM come strumento utile per la stewardship antibiotica

Urosepsi in ptz diabetico con ipertrofia prostatica e storia pregressa di IVU (trasferito da ER)

Terapia empirica: Meropenem

Revisione suggerita: Piperacillina/tazobactam

Revisione con anticipo di 2 giorni

Emocoltura positiva dopo 11 h (bacillo Gram-negativo)
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Identificazione e antibiogramma molecolare
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Identificazione e antibiogramma molecolare

Al momento non sostituisce AB fenotipico (uso aggiuntivo)
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Antibiogramma molecolare come strumento utile per la stewardship antibiotica

Paziente neutropenico febbrile colonizzato da Klebsiella pneumoniae Carba-R (COL-S, TIG-S, GEN

Terapia empirica: MeropenemHD+COL+TIGHD

Revisione con anticipo di 2 giorni

Emocoltura positiva (bacillo Gram-negativo)

Conferma

CAZ-AVI

Conferma
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New beta-lactamase inhibitor  combinations (BLICs)

Rapid ID of the resistance mechanism is essential 

for appropriate selection
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Workflow delle emocolture

Opota et al Clin Microbiol Infect 2015
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Ricerca di patogeni direttamente da sangue
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Ricerca diretta di patogeni da sangue o altri campioni clinici
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Crit Care Med 2015:43(11):2283-

2291

J Clin Microbiol 2016:54(10):2513-

2520

105 campioni di sangue da 74 ptz con neutropenia

febbrile, esaminati con PCR-ESI/MS ed emocoltura
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Thank for your attention



J Antimicrob Chemother

2016;71:208-212
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