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Antimicrobial resistance (AMR)
Why should we be concerned?

ONE treatment options are limited and sometimes
nonexistent

TWO resistance has spread widely on several
fronts

THREE dissemination and acquisition of AMR may
be silent

FOUR infections are associated with increased
mortality and economic costs
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Antimicrobial resistance (AMR)
Meccanismi
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Antimicrobial resistance (AMR)
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…In the US, 90% of Carpabenem-resistant
Enterobacteriaceae are K. pneumoniae and 
92% of them produce a carbapenemase…



• K. pneumoniae: In Europe, the rate of resistance to third generation cephalosporins with co-
resistance to fluoroquinolones and aminoglycosides, the most common multi-drug resistance
(MDR) phenotype, ranges from 0 to 60%... A similar wide range is seen with the rate of resistance
to carbapenems.

• P. aeruginosa (PA): Rates of resistance to carbapenems in European countries ranged from 0%
(Iceland) to 66% (Romania) in 2015... Combined resistance in PA was common in European
countries: about 14% of the isolates were resistant to at least three antimicrobial groups, and
5.5% were resistant to all five antimicrobial groups.

• A. baumanni (AB): carbapenem resistant (CR) AB is the most common CR organism associated
with nosocomial infection, followed by CR PA. In most cases CR is combined with resistance to
fluoroquinolones and aminoglycosides… Generally, CR AB strains have a high potential for
being XDR or even pan-drug resistance (PDR) where no active antibiotic exists.
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Klebsiella pneumoniae
Percentage of invasive isolates with resistance to carbapenems
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Percentage of invasive isolates with resistance to carbapenems



A. Di Paolo - UNIPI 16

Klebsiella pneumoniae
Distribuzione degli isolati, EU, EEA, 2017

Fluoroquinolones

3rd-gen Cephalosporins

Aminoglycosides
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… Italy has a high rate of 
Carbapenem-resistance in 
K. pneumoniae (36%), of 
which 97% carry the gene 
for KPC (mostly KPC-3)…



Resistenze antimicrobiche in Italia
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ESBL, extended-spectrum beta-lactamase; CR, carbapenem-resistant; MDR, multidrug-resistant (resistant to 
third-generation cephalosporins, fluoroquinolones and aminoglycosides)
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• Klebsiella pneumoniae is encountered as a saprophyte in humans and other mammals, 

colonizing the gastrointestinal tract, skin, and nasopharynx; it is also found in various

environmental niches (soil, water, etc.)…

• …it is found in the gastrointestinal tracts of patients, at frequencies as high as 80%, but

high carriage rates have also been recorded for patient nasopharynges and hands.

• This considerable efficiency of colonization, enhanced by acquired resistance to 

antibiotics, enables K. pneumoniae to persist and spread rapidly in health care settings.

• K. pneumoniae is a notorious “collector” of multidrug resistance plasmids.

Touvelekis et al. / Clin Microbiol Rev 2012;25(4):682-707
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Decontamination rate: 96% (22/23) patients receiving
oral gentamicin only, compared to 44% (12/27) of those
treated with oral gentamicin and concomitant systemic
antibiotic therapy (CSAT) (P<0.001).

The multivariate analysis confirmed CSAT and KPC-Kp
infection as the variables associated with gut
decontamination.

Oral gentamicin was shown to be potentially useful for 
gut decontamination and prevention of infection due to 
KPC-Kp, especially in patients not receiving CSAT.

The risk of emergence of gentamicin-resistant KPC-Kp
should be considered.

+CSAT

-CSAT
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Variabilità PK degli antibiotici
nel paziente critico

Pea et al. Clin Pharmacokinet 2005;44:1009-1034

Paziente “critico”
Variazione dei fluidi 

extracellulari

Aumentati se:

Effusioni pleuriche, 
ascite, mediastiniti, 

edema (sepsi, trauma), 
apporto di fluidi (CRRT), 

ipoalbuminemia

Riduzione concentrazioni

Variazione della 
clearance renale

Aumentata se:

Tossicodipendenze, ustioni, 
leucemie, stati iperdinamici, 
farmaci emodinamicamente 

attivi, ipoalbuminemia

Ridotta se:

Insufficienza renale 
(AKI, CKD), CRRT

Aumentata escrezione 
renale

Ridotta escrezione 
renale

Aumentare le dosi Ridurre le dosi
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Caratteristiche generali degli antimicrobici

Pea et al. Clin Pharmacokinet 2005;44:1009-1034

β-lattamici
Glicopeptidi
Aminoglicosidi
Oxazolidinoni

Macrolidi
Fluorochinoloni
Tetracicline
Rifampicina

• Limitato volume di distribuzione
• Prevalentemente eliminati immodificati dal 

rene

• Ampio volume di distribuzione, diffondono 
attraverso le membrane cellulari

• Prevalentemente eliminati dal fegato previa 
biotrasformazione
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Long-term
outcome of 
infective
endocarditis
(mortality rate)

Common 
pathogens
involved in the 
pathogenesis
of infective
endocarditis

37%
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Holmes et al. / Lancet 2016;387:176-87
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The prevalence of MDR-A. baumanni strains isolated in the carbapenem non-restricted period
(CNRP) was 2.24-fold higher than the prevalence in the carbapenem restricted period (CRP).
The prevalence of Acinetobacter infections can be reduced by taking strict isolation measures as
well as by implementing good antibiotics usage policy

CNRP

CRPN
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• The common finding across all the research, including studies in Canada, is that

50% of the antimicrobials dispensed in the outpatient/community setting are 

deemed inappropriate or unnecessary

• Public awareness of the threat of AMR is also increasing, particularly with respect

to intensive agriculture on ‘factory farms’ and the use of antimicrobials for animal

growth promotion to increase cheap food production

• Resistant pathogens do not respect geographical borders, thus these interests

must be met on a global scale, with an intelligent globally-coordinated response
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• Resistance [to AG] can be due to chromosomal mutations, but resistance
determinants are often located on mobile elements such as transposons, 
integrons and plasmids.

• Livestock-associated MRSA CC398 (LA-MRSA) carriage was significantly
associated with contact with livestock. This indicates that LA-MRSA 
resistant to AGs can be transmitted between animals and humans.

• CR P. aeruginosa isolates found in Ohio contained the metallo-beta-
lactamase gene blaVIM-2 within a class 1 integron. Genomic sequencing
and assembly revealed that the integron was part of a novel 35-kb region
that also included a Tn501-like transposon and Salmonella genomic island
2 (SGI2)-homologous sequences indicative of a recombination event
between Salmonella spp. and P. aeruginosa.
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• Altogether, these data show that the probability of transfer of AG resistance from 
animals to humans is high, especially in Enterobacteriaceae and enterococci.

A. Di Paolo - UNIPI 32

gene is on a mobile 
genetic element, 
e.g. plasmid

it may be 
co-mobilised

transmission of resistance through
food-borne zoonotic pathogens and 
commensal food-borne bacteria

genes and mobile genetic
elements similar between
animals and humans
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Strumenti per contrastare i fenomeni di 
resistenza antimicrobica

1. Impiego appropriato di farmaci
• Antibiogramma / terapia mirata vs. empirica
• PK/PD
• Monitoraggio terapeutico dei farmaci
• Limitazioni alla prescrizione (infettivologi)
• Vecchi farmaci (fosfomicina, colistina)
• Combinazioni chemioterapiche (double carbapenem, 

nuovi BLI)
2. Sviluppo di nuovi farmaci
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Terapia antimicrobica e PK/PD

Antibatterici Farmacodinamica Dosaggio

Penicilline 
Cefalosporine

Killing tempo-dipendente
Breve o assente PAE

Correlazione PD-PK:T>MIC

Prolungare il tempo 
di esposizione all’antibiotico

Mantenere i livelli sierici 
>alle MIC (ridurre gli intervalli 

o infusione continua)

Carbapenemici 
Glicopeptidi 
Eritromicina

Killing tempo-dipendente
Prolungato PAE

Correlazione PD-PK:T>MIC

Prolungare il tempo 
di esposizione all’antibiotico
Livelli sierici possono essere 

< alle MIC (ridurre gli intervalli)

Aminoglicosidi
Fluorochinoloni
Claritromicina
Azitromicina

Killing concentrazione dipendente
Prolungato PAE

Correlazione PD-PK: Picco/MIC o 
AUC/MIC

Ottenere alti livelli sierici 
ed elevate concentrazioni tissutali 

(aumentare le dosi 
e prolungare gli intervalli)
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Parametro Pazienti (n=27)

Età (anni) 62±12 (61)

Peso corporeo (kg) * 76,2±30,3 (68)

Altezza (cm) * 170,3±7,3 (170)

BSA (m2) * 1,9±0,3 (1,8)

BMI (kg/m2) 26,1±8,9 (23,4)

Creatininemia (mg/dL) 1,3±1,0 (0,9)

Albuminemia (g/L) 24,3±6,6 (23,1)

Diuresi (mL/die) 2032±950 (2000)

Note. I valori sono espressi come media±deviazione standard (mediana); *, differenze statisticamente significative per genere 
(test t di Student). Abbreviazioni: BSA, superficie corporea; BMI; indice di massa corporea

Meropenem Pazienti
1g x 2 2

1g x 3 2

2g x 2 5

2g x 3 17

3g x 3 1

32

12
10



Probabilità di raggiungere l’obiettivo (PTA)
Cmin>4xMIC
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Mattioli et al. Eur J Clin Pharmacol 2016;72:839-48
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• La resistenza ai farmaci antimicrobici è un fenomeno di rilievo
per la diffusione sempre maggiore di ceppi resistenti e la
ridotta disponibilità di trattamenti farmacologici efficaci

• Numerosi fattori possono concorrere all’instaurarsi di
resistenze e alla loro diffusione

• L’adozione di comportamenti appropriati può rappresentare
un’efficace soluzione (seppur parziale in alcuni contesti)

Conclusioni
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