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Antimicrobial resistance (AMR) 

directly related to the 

antibiotic use







AMR, Europe

OECD 2016



Stima della mortalità correlata alla AMR

Review on Antimicrobial Resistance. 2014 



Consumo di antibiotici in Italia e ASP

• Il 90% del consumo di antibiotici è territoriale

• La genesi di germi MDR è prevalentemente ospedaliera

• La riduzione dell’uso degli antibiotici riduce l’emergenza di 
germi MDR 

• La diagnostic stewardship ne riduce l’uso inutile e contiene 
la durata delle terapie

• L’infection control riduce le infezioni e la trasmissione di 
germi MDR

• Programmi di stewardship antimicrobica con infection 
control e diagnostic stewardship sono centrali in ospedale

• Nel territorio campagne di contenimento dei consumi sono 
possibili ed utili



Emocolture: ARS-Rete SMART, Toscana







Le direttrici principali e le criticità *
 della resistenza antimicrobica (AMR)

Determinanti/criticità * Obiettivo Strumenti

Pressione selettiva 

antibiotici

Ridurre uso 

improprio 

Antimicrobial & 

Diagnostic Stewardship

Diffusione crociata 

microrg. resistenti

Contenimento Infection Control 

Carenza nuovi farmaci * Rilancio ricerca IF Nuove regole, fast-track,  

incentivi economici

Carenza strategie 

terapeutiche validate*

Acquisire evidenze 

scientifiche 

Fondi per la ricerca 

indipendente



Contenere la pressione 
selettiva degli antibiotici

Contrastare l’uso empirico:

• Raccomandazioni per la profilassi in chirurgia

• Protocolli condivisi di terapia ABT per gruppi di 
pazienti/patologie basati sulla epidemiologia locale

• Diagnosi microbiologica rapida ed accurata

• Programmi di Stewardship Antimicrobica (ASP)



What is Antimicrobial Stewardship?

• Institution-wide comprehensive antimicrobial management 
program intended to improve patient outcomes from 
infection while minimizing negative consequences such as 
healthcare associated infections, and limiting the 
development of bacterial resistance 

• A multidisciplinary approach 

• Focuses on: through the optimal diagnosis, drug selection, 
dosage, de-escalation and duration (the so called 5 “Ds” of 
antimicrobial stewardship) 

Dellit TH.  Clin Infect Dis 2007 Jan 15; 44(2):159



“Antimicrobial stewardship refers to a program or 
series of interventions to monitor and direct 

antimicrobial use at a health care institution, thus 
providing a standard, evidence-based approach to 

judicious antimicrobial use”

Antimicrobial Stewardship 

Tamma PD, Cosgrove SE. Infect Dis Clin N Amer 2011; 25: 245-60

AS: the governance of 
antimicrobial therapy



Antimicrobial Stewardship Program Goals

Lawrence KL et al. Am J Respir Crit Care Med 2009; 179: 434–438.

Control
collateral 
damage

1

2

3

4



• The need to balance two conflicting goals: 
1. the provision of therapy that is adequate to treat 

documented or presumed infection, and 
2. the minimization of antimicrobial use to avoid adverse 

drug events (e.g., Clostridium difficile infection and 
allergy) and the emergence of antimicrobial resistance, 
and to reduce costs.

ASP rationale



List of interventions considered as part
of antimicrobial stewardship



Strategies To Improve Antimicrobial Prescribing 

Restrictive strategy 
uses interventions that 
either prevent or 
provide a ‘barrier’ to 
prescribing or 
administering an 
antibiotic 

Persuasive strategy uses 
interventions that attempt to 
persuade healthcare 
professionals to prescribe 
appropriately by addressing 
underlying knowledge 
deficiencies and/or attitudes 
and/or behavior's 



ASP: Process & Outcome Measures



Ruolo del Laboratorio di Microbiologia

• Nuove tecnologie: «fast microbiology»

• Riduzione tempi di identificazione ed ABG

• ABG genotipico vs. fenotipico

• Report per paziente vs. report per campione

• Sorveglianza epidemiologica (ARS-SMART, Toscana)

• Alert system 



Molecular genotyping

Molecular

ATBG

Species Report

KPC +

NDM –

VIM –

OXA –

CTX-M -

Enterobacteriaceae Presence of the KPC 

carbapenemases gene: high 

probability of resistance to ALL 

BETALACTAM ANTIBIOTICS 

except: 

CEFTAZIDIME/AVIBACTAM

KPC –

NDM +

VIM –

OXA –

CTX-M -

Enterobacteriaceae Presence of the NDM 

carbapenemases gene: high 

probability of resistance to ALL 

BETALACTAM ANTIBIOTICS 

except for AZTREONAM (to be 

combined with avibactam)



Antibiotic choice for MDR Enterobacteriaceae
and non-fermenting GNB depending on genotype

Enterobacteriaceae P. aeruginosa
(except for 

MBL)

A. 
baumanniiESBL AmpC KPC OXA-48 IMP/VMP

/NDM

Piperacillin–
tazobactam

Imipenem/merope
nem

Cefepime

Ceftazidime

Aztreonam

Colistin

Tigecycline

Aminoglycosides

Active

Activity depending on MICs and/or target concentrations

Not active



CEFT/TAZ

CAZ/AVI

MER/VAB

Eravacycline

Enterobacteriaceae P. aeruginosa
A. baumannii

ESBLAmpC KPC MBL OXA-48 AmpC Efflux Porin MBL AmpC

OXA-23

OXA-40

OXA-50 MBL

AZT/AVI

Cefiderocol

Plazomicin

IMI/REL

Active

Activity depending on MICs and/or target concentrations

Not active



Antibiotic choice for MDR Enterobacteriaceae 
and non-fermenting GNB depending on genotype



CTX –

OXA 48 –

KPC – 

NDM –

VIM –

IP -

Pipera/tazo

CTX +

OXA 48 –

KPC – 

NDM –

VIM –

IP -

Meropenem

or

Ceftolozane/ 
tazobactam           

3 g TID (E. coli) 

or Ceftazidime/ 
avibactam (K. 
pneumoniae)

CTX –

OXA 48 +

KPC – 

NDM –

VIM –

IP -

CAZAVI or 
Cefiderocol

or

Meropenem +/- 
Tigecicyine +/- 

Fosfomycin

CTX –

OXA 48 –

KPC + 

NDM –

VIM –

IP -

CAZAVI  or 
Vaborem

(+ fosfo )

or

Colistin +/- 
Tigecyline +/- 
Fosfomycin

CTX –

OXA 48 –

KPC – 

NDM +

VIM –

IP -

CAZAVI or 
Vaborem/ 
avibactam

or

Cefiderocol

or

Colistin + 
Fosfomycin +/- 

Tigecycline

Gene-oriented antibiotic therapy for Enterobacterales

Molecular ATBG 



Appropriatezza della terapia antimicrobica

1. Livello di evidenza diagnostica
2. Modalità prescrittiva della terapia antibiotica 
3. Scelta dell’antibiotico (LG, raccomandazioni 

locali, Sanford Guide, altro)
4. Dosaggio (età, peso, funzione renale, etc.)
5. Via di somministrazione (parenterale, orale)
6. Modalità di somministrazione (bolo, infusione 

estesa, infusione continua)
7. Durata della terapia (predefinita, variabile)
8. Outcome del paziente (sopravvivenza, cura, 

recidiva) 



ABG

Patogeno

Sede 
dell’infezione

SIRS

Sindrome febbrile

1. Livello di evidenza diagnostica



2. Modalità di scelta ATBT

• Terapia empirica

• Terapia sindromica

• Terapia mirata

• Profilassi

• Altro (copertura)

Larga prevalenza di 

terapie empiriche, per 

febbre………

30% quota stimata di 

ATBT inappropriata



3. Scelta dell’antibiotico

• Profilo di efficacia e tollerabilità

• Congrua con le indicazioni di Linee-guida validate ed 
aggiornate (SNLG)

• Ispirata a “raccomandazioni locali”, divisate dal gruppo per 
l’ASP, su base epidemiologica

• Scelta del professionista (Sanford Guide, altro) 

• Scelta della molecola a minor costo nell’ambito della stessa 
classe o delle stesse indicazioni

• Scelta della molecola che offra la durata più breve del ciclo 
terapeutico



Antibiotics: Acces-Watch-Reserve (AWARE)



4. Dosaggio

• Dose congrua per età, peso, funzione renale, 
insufficienza epatica, sede dell’infezione

• Età: dosaggio pediatrico
• Peso: dosi “fisse” o mg/Kg
• Funzione renale: dose singola ed intervallo 

delle somministrazioni variabili
• CAPD, CRRT
• Insufficienza epatica 
• Sede dell’infezione: meningite, ascesso etc.



4. Via di somministrazione

• Orale 

• Parenterale IV, CVC o altra linea IV

• Parenterale-orale sequenziale 

• Orale in alternativa alla parenterale

• Areosolica (device)

• Congrua con caratteristiche del paziente e 
della sede d’infezione

• Considera la compliance ed i rischi del CVC



5. Modalità di somministrazione

• Congruo con le caratteristiche PK/PD del 
farmaco (tempo-dipendente, concentrazione-
dipendente, misto)

• Dose da carico

• Bolo 

• Infusione estesa

• Infusione continua (ICU)



6. Durata della ATBT

• Uno dei campi più inesplorati dalla ricerca clinica

• LG indicano durate estese e “fisse” (ad es.: per 
endocarditi, infezioni osteo-articolari, etc)

• Prevale giudizio clinico sul singolo paziente 
(defervescenza per 3-5 giorni, miglioramento clinico)

• Terapie di più breve durata: meno impatto sulla flora 
intestinale (microbioma) e degenza più breve

• Iniziali evidenze cliniche 

• Metanalisi



Primary ASP metrics

• Antimicrobial use & cost

• Impact on microbiological resistance 

• Clinical outcomes (cure, mortality)

• Adverse events of antibiotic therapy (C.difficile.)

• Duration of antibiotic therapy

• Lenght of hospital stay (LOS)





Length of hospital stay (LOS)
• Outcome measure 

• Easy to obtain metric

• Suffers from many of the same problems as 
mortality (secular trends in developed countries 
where an emphasis has been placed on early 
discharges)

• Attempts to discontinue or transition to oral 
antimicrobial therapy from parenteral therapy has, 
perhaps, the strongest relationship to length of 
stay



Iversen K, Ihlemann N, Gill SU, et al. Partial oral versus intravenous antibiotic treatment of 

endocarditis. N Engl J Med 2019; 380: 415-24. POET trial



• After randomization, pts were treated according to the 

assigned regimen for a median of 19 days (interquartile 

range, 14 to 25) in the IV treated group and 17 days 

(interquartile range, 14 to 25) in the orally treated group. 

• In the orally treated group, 160 patients (80%) were 

partially or completely treated as outpatients. 

• After randomization, the median length of stay in the 

hospital (not a prespecified outcome) was 19 days 

(interquartile range, 14 to 25) in the IV treated group and 3 

days (interquartile range, 1 to 10) in the orally treated 

group (P<0.001).

The POET trial: length of hospital stay

Iversen K, Ihlemann N, Gill SU, et al. Partial oral versus intravenous antibiotic treatment of 

endocarditis. N Engl J Med 2019; 380: 415-24. POET trial



Endocarditis



N Engl J Med 2019; 380:425-436Ho-Kwong Li et al.

Among the 1054 participants, treatment failure occurred in 74 of 

506 participants (14.6%) in the intravenous group and 67 of 509 

participants (13.2%) in the oral group. 

The intention-to-treat analysis showed a difference in the risk of 

definitive treatment failure (oral group vs. intravenous group) of 

−1.4 percentage points (90% confidence interval [CI], −4.9 to 2.2; 

95% CI, −5.6 to 2.9), indicating noninferiority. 

Complete-case, per-protocol, and sensitivity analyses supported 

this result. 

CONCLUSIONS

Oral antibiotic therapy was noninferior to intravenous antibiotic 

therapy when used during the first 6 weeks for complex orthopedic 

infection, as assessed by treatment failure at 1 year



The OVIVA trial: length of hospital stay
 

• We found that appropriately selected oral 
antibiotic therapy was noninferior to intravenous 
therapy when used during the first 6 weeks in the 
management of bone and joint infection, as 
assessed by treatment failure within 1 year. 

• Oral antibiotic therapy was associated with a 
shorter length of hospital stay and with fewer 
complications than intravenous therapy.

N Engl J Med 2019;380:425-36





• Surveillance and stewardship through the use of 

narrow-spectrum therapy, shorter durations of 

therapy, and oral rather than parenteral therapy, as 

well as the development of new medicines and 

diagnostics and improvements in infection prevention 

through a “One Health” approach — with connections 

among human patients, animals, and the environment 

taken into account — are key strategies for 

combating antimicrobial resistance



Bacteremia



Intra-abdominal infections



MAIN RESULTS:

• 8 RCTs, a total of 662 febrile neutropenia episodes with FUO

• No significant difference between the short-antibiotic therapy arm 

and the long-antibiotic therapy arm for all-cause mortality. 

• Total antibiotic days were fewer in the intervention arm by 

three to seven days compared to the long antibiotic therapy.

• No significant differences in the rates of clinical failure 

• No difference in the incidence of bacteraemia occurring after 

randomisation 

• No significant difference in the incidence of invasive fungal 

infection and development of antibiotic resistance 

Cochrane Database of Systematic Reviews 2016, Issue 5. Art. No.: CD012184.

DOI: 10.1002/14651858.CD012184











7. Outcome

• Indicatore di esito (il piu’ importante)

• Cura 

• Miglioramento

• Modifiche ATBT

• LOS

• Sopravvivenza

• Mortalità (generale, attribuibile)



Clinical outcomes

• A biased belief that “better” antimicrobial use 
must be better for the patient

• Clinical outcomes are useful balancing 
measures, to help ensure that patients are 
not harmed through efforts to better 
rationalize antimicrobial prescribing.



Cure
• There are various ways to measure cure of an infectious 

disease. 

• There is clinical cure (whereby the patient is believed to be 
clinically well after effective treatment of their infection)

• Microbiological cure (whereby microbiological cultures or 
other tests demonstrate that the pathogen is no longer 
present in a manner capable of causing disease)

• Other forms (e.g., radiographic cure). 

• These are potentially useful metrics, but are very difficult for 
programs to reliably measure on a consistent basis. 



Mortality

• Most objective clinical outcome for ASPs is mortality. 

• Problems with using mortality as an outcome, 
especially when ASP evaluate their interventions as 
before–after studies, rather than randomized 
controlled interventions 

• Secular trends in healthcare mortality may result in 
lower “after” mortality (because of concurrent quality 
improvement initiatives) or higher “after” mortality 
(because of a trend to limit hospitalization to sicker 
and/or older patients). 

• Accordingly, mortality results should be interpreted 
with caution 



Multistakeholder platform of 
antimicrobial stewardship model

antimicrobial stewardship program

infection prevention
stewardship program

diagnostic stewardship program

Dik JH, J Clin Microbiol. 2017;55:3306-3307



Conclusions

• ASP require metrics & resources

• Build your own local ASP

• Clinical governance is warranted 

• Key role for infection control & fast microbiology

• Decrease LOS: short IV course, shift to oral ATBT

• Improve the patient access to the new antibiotics



AMR control require joining forces
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