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Antibiotico resistenza in clinica



increasing COMPLEXITY of bacterial pathogens: new multi  
     drug resistant (MDR) and extremely drug resistant (XDR)  
     pathogens

increasing COMPLEXITY of antimicrobial chemotherapy 
    (revival of old antibiotics, new antibiotics,  
      antimicrobial combinations, new PK/PD concepts)

NOVEL DIAGNOSTIC TECHNOLOGIES in Clinical Microbiology 
   (more rapid, more sensitive, more expensive, different  informational  content)

increasing COMPLEXITY of patients (aging, co-morbidities,  
     new treatments increasing at risk-population, devices)

Infections in ICU: the new challenges
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Infezioni all’ammissione e in degenza in ICU 
Anno 2017 
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EARS-NET

23.5%78.5%

CRAb (carbapenem 
resistant A. baumannii)

XDR- P. aeruginosa

Carbapenem-R K. pneumoniae

Colistina Colistina

Colistina Fosfomicina

33.9%

Patogeni XDR incontrati con frequenza crescente nella pratica clinica 

2016



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
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The Association between Empirical ATB and Mortality in Severe 
Infections Caused by Carba-R GN Bacteria: A Prospective Study

Doron YZ et al. Clin Infect Dis apr 2018

The study included 406 inpatients with severe CRGNB 
infections, mostly A. baumannii (312/406, 77%) Non-covering EAT

covering EAT

42,6%45,9%

p=0.504

Empirical use of colistin 
before pathogen 

identification, with or 
without a carbapenem, was 
not associated with survival 
following severe infections 

caused by CRGNBs, mainly 
A. baumannii
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role of ecological data of your hospital and your ward



 Critical Care 2016; 20:136

….Three important categories can influence antimicrobial choices: patient characteristics; risk 
factors for infection with specific pathogens; and severity of illness…

….We have to adapt to this threat by reducing unnecessary 
antibiotic prescribing, both qualitatively and quantitatively. We need to 
optimize control measures to minimize the risk of spread of 
resistant bacteria, and we have to find novel ways to detect 
pathogens early. These approaches will help prevent the spread of MDR 
pathogens and could enable us to direct last-line (and in some cases, 
narrow-spectrum) antibiotics more effectively to those patients who need 
them most, rather than the current “broad-spectrum is 
best” approaches. ..
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Antibiotico MIC mg/L
(S/I/R)

Amoxi/Clav >64:R

Pip/Tazo >256:R

Ceftriaxone >64:R

Ceftazidime >64:R

Cefepime >64:R

Ertapenem >8:R

Imipenem >16:R

Meropenem >32:R

Fosfomicina >128:R

Amikacina >64:R

Gentamicina >4:R

TMP/SXT >320:R

Ciprofloxacina >4:R

Tigeciclina 2:I

Colistina >8:R

Antibiotico MIC mg/L
(S/I/R)

Amoxi/Clav >64:R

Pip/Tazo >256:R

Ceftriaxone >64:R

Ceftazidime >64:R

Cefepime >64:R

Ertapenem >8:R

Imipenem >16:R

Meropenem 64:R

Fosfomicina 32:S

Amikacina >64:R

Gentamicina 2:S

TMP/SXT >320:R

Ciprofloxacina >4:R

Tigeciclina 1:S

Colistina >8:R

Ceppo%MDRCeppo%PDR

Stesso&ceppo

Saggiato'con'
sistema'
automatico

Saggiato'con'
metodiche'di'
riferimento:'
microdiluzione
in'brodo'(AD'
per'fosfomicina)

K. pneumoniae ST512 KPC-3+ COL-R    
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Meropenem for treating KPC-producing Klebsiella pneumoniae BSIs: 
should we get to the PK/PD root of the paradox?

Del Bono V et al Virulence 2016

On a theoretical basis, our 
results suggest a possible 
usefulness of MEM against 
resistant blood isolates with 
MICs up to 32 mg/L
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Meropenem for treating KPC-producing Klebsiella pneumoniae BSIs: 
should we get to the PK/PD root of the paradox?

Del Bono V et al Virulence 2016

On a theoretical basis, our 
results suggest a possible 
usefulness of MEM against 
resistant blood isolates with 
MICs up to 32 mg/L

Pea F et al Int J Antimicrob Agents 2017; 49(2):

TDM-guided meropenem dosing may 
help in treating KPC-Kp with an MIC 

≤ 64 mg/L.
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Morrill HJ et al Open Forum Infect Dis 2015
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Morrill HJ et al Open Forum Infect Dis 2015

The use of carbapenems in association with other 
active drugs is likely ineffective for CRE isolates with 

carbapenem Minimum Inhibitory Concentrations 
(MICs) >8 mg/l. The effectiveness of further therapeutic 

options for the treatment of extensively or pan-drug- 
resistant Enterobacteriaceae infections has been 

reported in vivo and in vitro, although few cases/case 
series have been reported. Novel antimicrobials that 

are effective against CRE are urgently needed. 

2017
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Marschal  M et al. J Clin Microbiol 2017;55(7):2116

Monotherapy
Combo therapy

Mortality Associated with BSI due to KPC 
Coli R  with High-Level Meropenem 
Resistance: Importance of Combination 
Therapy without Colistin and Carbapenems
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Marschal  M et al. J Clin Microbiol 2017;55(7):2116

Tigecycline Gentamicin
Fosfomycin

Tige + Fosfo Tige + Genta
Genta + Fosfo Tige + Genta + Fosfo

Mortality Associated with BSI due to KPC 
Coli R  with High-Level Meropenem 
Resistance: Importance of Combination 
Therapy without Colistin and Carbapenems
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Shields  RK et al.  Antimicrob Agents Chemother 2017;61(8):e00883-17 

CAZAVI Carba+AG Carba+COL
other

CAZAVI Carba+AG Carba+COL
other

a retrospective study

Ceftazidime-Avibactam is Superior to 
Other Treatment Regimens against 
Carbapenem-Resistant Klebsiella 
pneumoniae Bacteremia
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o Mutazioni KPC 
- D179Y (perdita di attività su carbapenemi, pip/taz e aztreonam) 
- T243M (perdita di attività su carbapenemi e pip/taz) 
- 165EL166 (perdita di attività su carbapenemi, pip/taz e 

aztreonam) 
- V240G (ridotta attività su meropenem)

Haidar et al AAC 2017 
Compain & Arthur AAC 2017 

Shields et al AAC 2017 
Humphries & Hamarajata AAC 2017 

Shields et al OFID 2017

o Mutazioni in OmpK36 
- T333N 
- Inattivazione inserzionale (IS5)

o Aumentata espressione di KPC 
- aumento del numero di copie plasmidiche

CAZ-AVI: meccanismi di resistenza acquisita

Cortesia Dr Giani B.Viaggi - NeuroIntensive Care Unit - Department of Anesthesiology Careggi University Hospital



Gaibani P et al. J Antimicrob Chemother giu 2018

In vivo evolution of resistant subpopulations of KPC-producing 
Klebsiella pneumoniae during ceftazidime/avibactam treatment

B.Viaggi - NeuroIntensive Care Unit - Department of Anesthesiology Careggi University Hospital

Conclusions: Our analysis indicates that mixed 
subpopulations of ceftazidime/avibactam-resistant KPC-Kp 
emerge after ceftazidime/avibactam treatment. The evolution of 
different subpopulations that are highly resistant to ceftazidime/
avibactam likely contributes to treatment failure, thereby 
highlighting the need for combination treatment strategies to 
limit selection of ceftazidime/avibactam-resistant KPC-Kp 
subpopulations.



B.Viaggi - NeuroIntensive Care Unit - Department of Anesthesiology Careggi University Hospital

Lateral flow immunochromatography assay (lFIA)

KPC

NG-TEST CARBA 5
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Boutal H t al J Antimicrob Chemother 2018;73:909-915 

carba5 a multiplex lateral flow immunoassay for the rapid identification of NDM-, 
KPC-, IMP- and VIM-type and OXA-48-like carbapenemases-producing 

Enterobacteriaceae

Overall, this assay reached 
100% sensitivity and 

95.3% (retrospectively) to 100% 
(prospectively) specificity.
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Boutal H t al J Antimicrob Chemother 2018;73:909-915 

carba5 a multiplex lateral flow immunoassay for the rapid identification of NDM-, 
KPC-, IMP- and VIM-type and OXA-48-like carbapenemases-producing 

Enterobacteriaceae

Overall, this assay reached 
100% sensitivity and 

95.3% (retrospectively) to 100% 
(prospectively) specificity.

Conclusions: Carba5 is 
efficient, rapid and easy to 

implement in the routine workflow 
of a clinical microbiology 

laboratory for confirmation of the 
five main carbapenemases 

encountered in Enterobacteriaceae.



Aminoglycoside Concentrations Required for Synergy with Carbapenems 
against Pseudomonas aeruginosa

Yadav R et al Antimicrob Agents Chemother dec 2017

The MBM indicated that aminoglycosides 
enhanced the imipenem target site 

concentration up to 4.27-fold

tobramycin was highly synergistic and displayed the maximum outer 
membrane disruption potential among the tested aminoglycosides. These 

findings support the optimization of highly promising antibiotic 
combination dosage regimens for critically ill patients.
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Percent susceptibility of all P. aeruginosa isolates (n 1,257) to ceftolozane-tazobactam (pink 
bar) compared to that to B-lactams alone (light-blue bars) or in combination with 

ciprofloxacin (dark-blue bars) or tobramycin (green bars). Definitions: CAZ, ceftazidime; C/T, 
ceftolozane-tazobactam; FEP, cefepime; MEM, meropenem; TZP, piperacillin-tazobactam. 

In Vitro Comparison of  Ceftolozane-Tazobactam to traditional 
Beta-Lactams and Ceftolozane-Tazobactam as an Alternative to 
Combination Antimicrobial Therapy for Pseudomonas aeruginosa 

Goodlet KJ et al Antimicrob Agents Chemother dec 2017

Ceftolozane-tazobactam should be considered for use in 
patients at high risk for resistant P. aeruginosa infection 
and as an alternative to empirical combination therapy, 
especially for patients unable to tolerate aminoglycosides 
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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) 

No/poor activity vs: 
Carbapenemases (MBLs, KPC, OXA) 
OXA-type β-lactamases

Changing the b-lactam partner: Ceftolozane-Tazobactam
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Considerations for effect site PK to estimate drug exposure: C of ATBs in the LUNG

Antibiotic Dose
Penetration ratio

(ELF-to-total 
plasma)

Penetration ratio 
(ELF-to-unbound 

plasma)
ceftazidime/
avibactam 2 g q8h 31,3% NR

0.5 g q8h 34,9% NR

3 g q8h 32,4% NR
1 g q8h 32% NR

ceftolozane/
tazobactam 1 g 8h 48% 59%

0.5 g 8h 44% NR

Rodvold KA et al Curr Opin in Pharmacology 2018
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Gaps still exist for the treatment of 
infections caused by multidrug-
resistant Acinetobacter spp, and 
metallo-β-lactamase-producing 

pathogens. 
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Comparison of Septic Shock due to MDR-AB or  KPC-kp in ICU 

Russo A et al. AAC giu 2018 We retrospectively analyzed 220 patients admitted to the ICU 
of a teaching hospital from November 2010 to December 2015 

who developed septic shock due to MDR-AB or KPC-Kp infection 
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Russo A et al. AAC giu 2018

All these findings suggest 
that it is crucial to obtain new 

antibiotic options for the 
treatment of ICU patients 

with MDR-AB infection, 
improve treatment strategies, 

and reduce mortality. 
30-d mortality

0 22,5 45 67,5 90

84,8

44,5

KPC-kp
MDR-AB

Comparison of Septic Shock due to MDR-AB or  KPC-kp in ICU 



Il sinergismo colistina+carbapenemico 
potrebbe derivare dalla perdita delle 

carbapenemasi poste al di sotto della membrana 
esterna bucata dalla colistina

Acinetobacter baumannii
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Il sinergismo colistina+carbapenemico 
potrebbe derivare dalla perdita delle 

carbapenemasi poste al di sotto della membrana 
esterna bucata dalla colistina

Acinetobacter baumannii
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C
FU

/m
l

1,E+00
1,E+01
1,E+02
1,E+03
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1,E+06
1,E+07

1,E+08
1,E+09
1,E+10
1,E+11
1,E+12

Time (hours)
T0 T 2 T 4 T 8 T 24

Positive control
Rifampin
Colistin
Rifamipin + Colistin

Tascini et al. J Chemother 2004;16:282-7

Rifampin plus Colistin time-kill curve  
vs. MDR Ps. aeruginosa
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 Penwell WF et al Antimicrob Agents Chemother 2015;59(3):1680-1689

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

Molecular Mechanisms of Sulbactam Antibacterial Activity and 
Resistance Determinants in Acinetobacter baumannii

Sulbactam preferentially 
inhibited PBP1a and PBP3 
o v e r P B P 2 , a s d i d 
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 
P B P 2 , a s d e s c r i b e d 
previously 
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Phoenix100
Vitek2
AD
BMD

Evaluation of two 
automated systems for 
colistin susceptibility 
testing of carbapenem-
resistant Acinetobacter 
baumannii clinical isolates 

Vourli  S et al. J Antimicrob Chemother 2017; 72: 2528–2530 
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In addition to the insufficient pipeline of 
new antibiotics, the unsustainable 

production and supply of old antibiotics is 
becoming a serious global problem that 
limits the treatment options for common 

bacterial infections.  

Tangden T et al Lancet march 2018
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