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ATTUALI SCENARI PER LA MICROBIOLOGIA CLINICA

PATOGENI: nuovi e/o riemergenti – MDR / XDR 

ANTIBIOGRAMMI: nuovi farmaci – MIC reali – MIC estese – test di 
sinergia – valore predittivo per outcome clinico

PERFORMANCE: accuratezza – riduzione TAT – maggiore efficienza

TECNOLOGIE: revisione dei flussi organizzativi / ridefinizione delle 
competenze ed attività professionali

COMUNICAZIONE: clinici – pazienti – farmacia – direzione aziendale –
direzione regionale – governo – mass-media  



The Antimicrobial Therapy Puzzle: Could Pharmacokinetic- Pharmacodynamic Relationships
Be Helpful in Addressing the Issue of Appropriate Pneumonia Treatment in Critically Ill
Patients?

Pea F. and Viale P. Clin Infect Dis 2006;42:1764-71



PK/PD parameters affecting antibiotic 
efficacy in vivo
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Considerations for Successful Antimicrobial Therapy



Acinetobacter baumannii
resistente ai carbapenemi (CRA)

Klebsiella pneumoniae
resistente ai carbapenemi (CRE)

MIC 
ug/ml

Antibiotico S/I/R

32Amikacina R

>16Gentamicina R

>4Ciprofloxacina R

>8Trimetoprim/sulf. R

>32Imipenem R

64Meropenem R

0,5Colistina S

MIC 
ug/ml

Antibiotico S/I/R

>16Amoxicillina/Clav. R

128Piperacillina/Taz. R

128Ceftazidime R

>8Cefotaxime R

32Amikacina R

1Gentamicina S

128Fosfomicina R

>4Ciprofloxacina R

32Ertapenem R

>8Imipenem R

32Meropenem R

1Tigeciclina S

8Colistina R

MIC 
ug/ml

Antibiotico S/I/R

>128Piperacillina/Taz. R

128Ceftazidime R

64Cefepime R

>64Aztreonam R

32Amikacina R

>32Gentamicina R

>4Ciprofloxacina R

32Imipenem R

64Meropenem R

1Colistina S

Pseudomonas aeruginosa
XDR

PATOGENI XDR NELLA PRATICA CLINICA





MIC MEROPENEM

0,125     0,25     0,50     1     2     4     8     16     32     64     128

0,125     0,25     0,50     1     2     4     8     16     32     64     128

0,125     0,25     0,50     1     2     4     8     16     32     64     128

0,125     0,25     0,50     1     2     4     8     16     32     64     128

0,125     0,25     0,50     1     2     4     8     16     32     64     128



Pea F., et al. Int J Antimicrob Agents. 2017 Feb;49(2):255-258. 

Might real-time pharmacokinetic/pharmacodynamic optimisation of high-dose continuous-
infusion meropenem improve clinical cure in infections caused by KPC-producing Klebsiella
pneumoniae?



Might real-time pharmacokinetic/pharmacodynamic optimization of high dose continuous
infusion meropenem improve clinical cure in the treatment of infections caused by KPC-
producing Klebsiella pneumoniae? Pea F., et al. Int J Antimicrob 2017 Feb;49(2):255-258

We retrospectively assessed the role of real time pharmacokinetic/pharmacodynamic (PK/PD) optimization
of high dose continuous infusion meropenem on the clinical outcome of patients who received combination
antimicrobial therapy for the treatment of KPC-producing Klebsiella pneumoniae (KPC-Kp) infections.
Data for all of the patients with KPC-Kp related infections who had an antimicrobial combination therapy
containing high dose continuous infusion meropenem optimized by means of therapeutic drug monitoring
(TDM) were retrieved.
Optimal PK/PD exposure was considered Css/MIC ratio of 1 to 4. Univariate binary logistic regression
analysis was performed to identify independent predictors of clinical outcome.
Among the 30 eligible patients, 53.3% had infections caused by meropenem-resistant KPC-Kp
strains (MIC ≥16 mg/L). Tigecycline and colistin were the two antimicrobials most frequently
combined with meropenem.
Average doses of continuous infusion meropenem ranged from 1.8 to 13.2 g/daily. Css/MIC ratio was
>1 in 73.3% of cases, and >4 in 53.3% of cases.
Clinical outcome was successful in 73.3% of cases after a median length of treatment of 14.0 days.
At the univariate analysis, a significant correlation with successful clinical outcome was found for Css/MIC
ratio >1 (OR 10.556, 95% CI. 1.612-69.122, p=0.014), for Css/MIC ratio >4 (OR 12.250, 95%CI. 1.268-
118.361, p=0.030), and for Charlson comorbidity index < 4 (OR 0.158, 95%CI. 0.025-0.999, p=0.05).
High dose continuous infusion meropenem optimized by means of real-time TDM may represent a
valuable tool in improving clinical outcome when dealing with the treatment of infections caused by
KPC-Kp with an MIC for meropenem of ≤ 64mg/L.



Population Pharmacokinetics of High-Dose Continuous-Infusion Meropenem and
Considerations for Use in the Treatment of Infections Due to KPC-Producing Klebsiella
pneumoniae Cojutti P., et al. J Antimicrob Chemother. 2017 Aug 1;72(8):2342-2350.



Accuracy of in vitro susceptibility tests for carbapenemase-producing Gram-negative
bacteria

Sun J. et al. J Med Microbiol. 2015 Jun;64(6):620-2





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

Vourli S., et al. Int J Antimicrob Agents. 2017; 72: 2528–2530

S R



Colistin Resistance in Carbapenem-Resistant Klebsiella pneumoniae: Laboratory Detection and 
Impact on Mortality

Rojas LJ., et al. Clin Infect Dis. 2017 Mar 15;64(6):711-718

Figure 1. The numbers of isolates that correspond to each minimum inhibitory concentration (MIC) value for the
MIC as reported by the clinical microbiology laboratories (“clinical colistin MIC”) and the centralized research
laboratory (“research colistin MIC”), as well as the polymyxin B MIC are shown.

Colistin MIC determination was performed in clinical microbiology laboratories using Etest.
Colistin and polymyxin B MIC determination in the central research laboratory was performed in duplicate using
a broth macrodilution method
The very major error rate was 35% (11/31), and the major error rate was 0.4% (1/215).



Colistin Resistance in Carbapenem-Resistant Klebsiella pneumoniae: Laboratory Detection and 
Impact on Mortality

Rojas LJ., et al. Clin Infect Dis. 2017 Mar 15;64(6):711-718



Gentile cortesia del Prof. G. Rossolini



Accuracy of different methods for susceptibility testing of gentamicin with KPC
carbapenemase-producing Klebsiella pneumoniae

Arena F. et al. Diagn Microbiol Infect Dis. 2015 Feb;81(2):132-4

Since gentamicin is among the very few drugs that retain activity against KPC-KP and can be useful both as
a component of combination antimicrobial regimens and for intestinal decolonization practices, an accurate
measurement of gentamicin susceptibility of KPC-KP is important.

…. present results suggest to consider with caution the results of susceptibility testing for gentamicin
and KPC-KP obtained with Vitek2 and Etest, especially if the EUCAST breakpoints are used.
With Etest, a susceptible result could be acceptable, while an intermediate or resistant result should be
confirmed by reference BMD.
On the other hand, although slightly overestimating the MIC values, the TREK panels appeared to be overall more
reliable for gentamicin susceptibility testing of KPC-KP.

S R

Sistema Automatico: S = 26 % 

BMD Sistema di Riferimento: S = 91%  



Klebsiella pneumoniae XDR da Emocoltura
MIC 

ug/ml
Antibiotico S/I/R

>16Amoxicillina/Clav. R

>64Piperacillina/Taz. R

>32Ceftazidime R

>32Cefepime R

>32Amikacina R

4Gentamicina I

128Fosfomicina R

>2Ciprofloxacina R

>4Ertapenem R

>8Imipenem R

>8Meropenem R

4Tigeciclina R

≤0.5Colistina S
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MIC 
ug/ml

Antibiotico S/I/R

>32Amoxicillina/Clav. R

>128Piperacillina/Taz. R

>128Ceftazidime R

>54Cefepime R

>16Amikacina R

2Gentamicina S

128Fosfomicina R

>2Ciprofloxacina R

>4Ertapenem R

>16Imipenem R

32Meropenem R

1Tigeciclina S

≤0.5Colistina S
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Gentile cortesia del Prof. G. Rossolini



Discrepancies in fosfomycin susceptibility testing of KPC-producing Klebsiella pneumoniae
with various commercial methods.. Camarlinghi G., et al. Diagn Microbiol Infect Dis 2018 Jul 31

Seventy-eight KPC-KP strains were evaluated will all methods except for MIC Test Strip (N = 50).

These findings therefore suggest that results of susceptibility testing of fosfomycin obtained 
with methods other than AD should be considered with caution……. especially for KP-KPC 
isolates from critical patients.



In vitro antibacterial activity of fosfomycin combined with other antimicrobials against KPC-
producing Klebsiella pneumoniae.

Yu W., et al. Int J Antimicrob Agents. 2017 Aug;50(2):237-241



In vitro antibacterial activity of fosfomycin combined with other antimicrobials against KPC-
producing Klebsiella pneumoniae.

Yu W., et al. Int J Antimicrob Agents. 2017 Aug;50(2):237-241



FOSFOMICINA : AGAR DILUIZIONE

MIC = 16 ug/ml - S  Gentile cortesia del Prof. G. Rossolini







Rapid Risk Assessment dell’ECDC: Emergenza della resistenza a ceftazidime-avibactam nelle
Enterobacteriaceae resistenti ai carbapenemi – 12 giugno 2018.



Ceftazidime/avibactam e Ceftolozano/tazobactam - Test di sensibilità
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Ceftazidime/avibactam e Ceftolozano/tazobactam - Test di sensibilità



Mechanisms of Antibiotic Resistance



Antibiotic choice depending on genotype

Drug KPC OXA NDM

Carbapenems

Active

Activivity depending on MICs and/or target concentrations

Non active

ESBL AmpC

Ceftazidime-avibactam

Ceftolozane-tazobactam

Cefepime

Colistin

Tigecycline

Aminoglycosides

Piperacillin-tazobactam

Fosfomicin



New Antibiotics for CP-CRE

Drug KPC OXA-48 VIM-IMP-NDM

Ceftazidime-avibactam

Meropenem-vaborbactam

Imipenem-relebactam

Aztreonam-avibactam

Cefiderocol

Plazomicin

Eravacycline

Active

Activivity depending on MICs and/or target concentrations

Non active



What's new in the treatment of multidrug-resistant gram-negative infections?

Mo Y., et al. Diagn Microbiol Infect Dis. 2018 Aug 30.



How to manage Pseudomonas aeruginosa infections - Review

Bassetti M., et al. Drugs Context. 2018 May 29;7:212527.



How to manage Pseudomonas aeruginosa infections - Review

Bassetti M., et al. Drugs Context. 2018 May 29;7:212527.





Gentile cortesia del Prof. G. Rossolini

CEFTOLOZANE-TAZOBACTAM
activity vs ESBL/AMPC-positive Enterobacteriaceae in Italy



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. 2017 Nov 22;61(12). 



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. 2017 Nov 22;61(12). 

Percent susceptibility of all P. aeruginosa isolates (n  1.257)

Ceftolozane-tazobactam alone
β-lactams alone

β-lactams in combination with ciprofloxacin
β-lactams in combination with tobramycin

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



Antibiotic selection in the treatment of acute invasive infections by Pseudomonas aeruginosa: 
Guidelines by the Spanish Society of Chemotherapy – Consensus document. 

Mensa J., et al.  Rev Esp Quimioter 2018;31(1): 78-100



Antibiotic selection in the treatment of acute invasive infections by Pseudomonas aeruginosa: 
Guidelines by the Spanish Society of Chemotherapy – Consensus Document. 

Mensa J., et al.  Rev Esp Quimioter 2018;31(1): 78-100



Pseudomonas aeruginosa Materiali nobili
ANNO 2016-2017DISTRIBUZIONE MICAULSS 3 EUCAST 2016-2017

Pazienti interni



Ceftolozane/tazobactam in associazione con Fosfomicina



Time-kill assay Checkerboard assay

TEST DI SINERGIA
DEGLI ANTIBIOTICI



In vitro Activity of Ceftolozane/Tazobactam Alone or with an Aminoglycoside Against Multi-Drug-
Resistant Pseudomonas aeruginosa from Pediatric Cystic Fibrosis Patients

Dassner AM., et al. Infect Dis Ther (2017) 6:129–136



Dassner AM., et al. Infect Dis Ther (2017) 6:129–136

In vitro Activity of Ceftolozane/Tazobactam Alone or with an Aminoglycoside Against Multi-Drug-
Resistant Pseudomonas aeruginosa from Pediatric Cystic Fibrosis Patients.

C/T C/T

C/T+AMK C/T+AMK



Rapid Molecular Diagnostics to Inform Empiric Use of Ceftazidime/Avibactam and
Ceftolozane/Tazobactam against Pseudomonas aeruginosa: PRIMERS IV

Evans SR., et al. Clin Infect Dis. 2018 Sep 20.. 

Heterogeneous collection of 197 P. aeruginosa that included multidrug-resistant (MDR) isolates

Two representative Rapid Molecular Diagnotics (Acuitas Resistome Test and VERIGENE Gram-
Negative Blood Culture Test) to identify susceptibility to two newer β-lactam/ β-lactamase inhibitor
(BL-BLI) combinations, ceftazidime/avibactam (CZA) and ceftolozane/tazobactam (TOL/TAZO).

They found that the studied RMD platforms were able to correctly identify BL-BLI
susceptibility [susceptibility sensitivity 100% (95% CI: 97%, 100%)] for both BL-BLIs. However,
their ability to detect resistance to these BL-BLIs was lower [resistance sensitivity 66% (95%
CI: 52%, 78%) for TOL/TAZO and 33% (95% CI: 20%, 49%) for CZA].

The diagnostic platforms studied showed the most potential in scenarios where a
resistance gene was detected or in scenarios where a resistance gene was not detected
and the prevalence of resistance to TOL/TAZO or CZA is known to be low.
Clinicians need to be mindful of the benefits and risks resulting from empiric treatment decisions
based on resistance gene detection in P. aeruginosa, acknowledging that such decisions are
impacted by the prevalence of resistance which varies temporally and geographically.



Rapid Molecular Diagnostics to Inform Empiric Use of Ceftazidime/Avibactam and
Ceftolozane/Tazobactam against Pseudomonas aeruginosa: PRIMERS IV

Evans SR., et al. Clin Infect Dis. 2018 Sep 20.. 





VERIGENE® BC-GP and BC-GN are 
qualitative multiplexed in vitro 

diagnostic tests that rapidly identifies 
genus, species, and genetic resistance 

markers for a broad panel of gram-
positive and negative bacteria directly 

from positive blood culture bottles.

Time to result:
2.5 hours

Time to result:
2 hours



Time to result: 1.5 hours



Time to result: 4-5 hours



The tests developed on the T2Dx Instrument
Rapid: Species-specific results in 3 to 5 hours with no 
up-front sample preparation.
Simple: Fully automated system.
Sensitive: Limit of detection of as low as 1 CFU/mL.

The T2 Candida Panel detects the following species 
of Candida directly from whole blood: C. albicans, C. 
tropicalis, C. parapsilosis, C. krusei and C. glabrata.

The T2 Bacteria Panel detects the following
species directly from whole blood: 

Gram negative:
Klebsiella pneumoniae, Pseudomanas. 
aeruginosa,  Acinetobacter baumannii.

Gram positivi: 
Staphylococcus aureus, Enterococcus faecium

Next implementation of a panel with the main 
resistance mechanisms

Time to result: 3-5 hours5 ml whole blood + EDTA



Clinical and laboratory considerations for the rapid detection of carbapenem-resistant
Enterobacteriaceae - Review

Banerjee R., et al. Virulence. 2017 May 19;8(4):427-439



REFERTAZIONE ANTIBIOGRAMMA MOLECOLARE

KPC +
NDM -
VIM -
OXA -
CTX-M -

Enterobatteri

ATB molecolare

KPC -
NDM +
VIM -
OXA -
CTX-M -

ATB molecolare

Specie

Enterobatteri

Specie

Rilevazione di una carbapenemasi
tipo KPC: elevata probabilità di 
resistenza a tutti i β-lattamici
escluso ceftazidime-avibactam.

Nota al referto

Rilevazione di una carbapenemasi
tipo NDM: elevata probabilità di 
resistenza a penicilline, 
cefalosporine e carbapenemi, 
incluse le combinazioni con 
inibitori delle β-lattamasi

Nota al referto



Emocolture

Terapia empirica 
ad ampio spettro

Negative

Terapia mirataATB rapido

MALDI-TOF

MALDI-TOF

ALGORITMO DIAGNOSTICO ID + ATB RAPIDO FENOTIPICO - SEPSI

Metodiche  tradizionali
ATB rapido fenotipico

ATB rapido

Paziente con ≥ 2 
sintomi di SIRS e 

sospetta infezione

ATB

Tempo h.

0 24 72 9648

Positive Gram Subcoltura ID bioch.



Emocolture

Terapia empirica 
ad ampio spettro

Negative

Terapia mirata

PCR di specie o specifica, ad 
ampio range o multiplex  + 

marcatori di resistenza 

ATB rapido

MALDI-TOF

MALDI-TOF

ALGORITMO DIAGNOSTICO ID + ATB RAPIDO - SEPSI

Metodiche  tradizionali
ATB rapido fenotipico

ATB rapido

ATB

Tempo h.

0 24 72 9648

Positive Gram Subcoltura ID bioch.

PCR ad ampio 
range o multiplex 

+ marcatori 
resistenza

ATB rapido molecolare

Paziente con ≥ 2 
sintomi di SIRS e 

sospetta infezione

Sangue intero

PCR ad ampio 
range o multiplex

+ marcatori
resistenza



Infectious Disease Diagnostics

Diagnostic tests for infectious diseases have changed to:

Detection of infectious agents/ 
molecules/genes replacing growth and 
identification procedures.

Turn around time
 minutes to hours replacing days to weeks

Evolved through research and
development of new technologies

Direct impact patient care

Need hospital based studies to validate 
their clinical effectiveness.

Microbiology is now part 
of the healthcare team 






