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Needs SH, et al. Front. Mech. Eng. 2020:6:73



Although termed as “molecular”, are 
based on a variety of technologies:

- RT-PCR

- PNA-FISH

- Nested-PCR

- Microarrays

- DNA-hybridization

- Immunochromatography (enzyme)

✓ Multiplex molecular syndromic

panels (BCs)

✓ Surveillance

✓ Colonization

FDA-cleared diagnostics  identify ID and detect AMR 

genes (simultaneously or not)



Vasala A, et al., 2020. Front. Cell. Infect. Microbiol. 10:308. 

Technical efficacy

Identification (ID) 
accuracy

Antimicrobial resistance (AMR)

Patient Outcome & lower hospital 
cost

▪ Faster Tourn-Around-Times (TAT)
▪ Simultaneously ID/AMR gene
▪ Multiplex targeting of AMR

▪ In case of difficult or not possible growth 
Independent on live cells

▪ Previous/under antibiotic therapy

▪ Reduced Time to effective therapy
▪ Reduce antibiotic consumption
▪ Reduce Hospital costs 
▪ Improve existing stewardship programs

▪ Specific AMR targets
▪ Insights into mechanism of R
▪ Prediction of phenotypic AST



Technical efficacy

Identification (ID) 
accuracy

Antimicrobial resistance (AMR)

Impact on patient outcome

▪ CANNOT define MICs

▪ Predict R NOT S

▪ No standardization in clinical practice

▪ Higher cost

▪ Less accurate in polymicrobial detection

▪ Limited to some antibiotics

▪ Cannot rule AM therapy options

▪ Inappropriate de-escalation or unnecessary 

broad-spectrum therapy.

▪ NO Off-panel - new – AMR variants

▪ MAY NOT DETECT non-enzymatic mechanisms 

(porin loss; efflux-pump up-regulation).

▪ May overcall R (AMR genes detected but NOT 

expressed)

Vasala A, et al., 2020. Front. Cell. Infect. Microbiol. 10:308. 



Gene Organism(s) Prediction of Resistance Prediction of Susceptibility
mecA and mecC Staphylococci Resistance to all β-lactams except ceftaroline. Absence of these genes predicts 

susceptibility to penicillinase stable 
penicillins with high sensitivity.

vanA and vanB Enterococcus faecium
Enterococcus faecalis

Resistance to vancomycin Absence of these genes generally indicates 
vancomycin susceptibility for these species 
of Enterococcus.

blaCTX-M Enterobacterales Resistance to most cephalosporins Negative result does not confer 
susceptibility.

blaKPC Enterobacterales
P. aeruginosa

Resistance to β-lactams, except newer agents like 
cefiderocol, ceftazidime-avibactam, meropenem-
vaborbactam, imipenem-relebactam
Carried by MDR plasmids → cross-R

Negative result does not confer 
susceptibility. 
Presence of KPC does not necessarily infer 
susceptibility to ceftazidime-avibactam.

blaOXA-48 Enterobacterales
P. aeruginosa

Resistance to β-lactams, except newer agents like 
cefiderocol, and novel BLIC ceftazidime-avibactam.

Negative result does not confer 
susceptibility. 

blaIMP Enterobacterales
P. aeruginosa

Resistance to β-lactams except cefiderocol. Negative result does not confer 
susceptibility.

blaVIM Enterobacterales
P. aeruginosa

Resistance to β-lactams, except cefiderocol. Negative result does not confer 
susceptibility. 

blaNDM Enterobacterales
P. aeruginosa

Resistance to β-lactams except aztreonam and cefiderocol.
Carried by MDR plasmids → cross-R

Negative result does not confer 
susceptibility. 

Adapted from Humphries RM. Clin Lab Med 2020



Day 1 Day 2 Day 3

Empirical 

treatment

Day 4

Gram stainGrowth

Redirection empirical treatment

Targeted therapy

Identification & ASTRapid ID and AMR 

gene

1 

hour

DEFINITIVE phenotypic AMR (+ 48h) Preliminary genotypic AMR (1h)



1. Genotype correlates with phenotype → no further testing required

2. Genotypically R (AMR gene detected) and phenotypically S

3. Genotypically S (AMR gene not detected) and phenotypically R





mecA/C gene detected

1 h

SCENARIO 1: 

MRSA (or MRCoNS)

Decreased duration of 
piperacillin/tazobactam →

Anti-MRSA therapy 

Vancomycin; 
Daptomycin

MSSA

mecA/C gene not detected

Decreased unnecessary 
vancomycin use 

Oxacillin; cefazolin

Switching therapy

1 h



Genotype Phenotype Description Discrepancy reason
mecA detected Methicillin susceptible mecA inactivation → PBP2a 

aminoacidic substitution
Loss of PBP2a 
transpeptidase 
activity

mecA detected Methicillin susceptible Heterogeneously resistant large 
inoculum led to resistant phenotype

Oxacillin induction 
increased MIC

mecA not
detected

S. aureus with 
borderline-oxacillin
resistance (BORSA)

• Beta-lactamases over-expression
• PBP alterations
• Adaptative mutations in cell-wall

genes

Oxa R
Fox S

Yee R. et al., J Clin Microbiol 2021



SCENARIO 2: 

❑ mecA inactivation
❑ Loss of PBP2a 

transpeptidase activity

Oxacillin induction 
increased MIC

Hetero-R 
subpopulation



SCENARIO 3: 
MEC-INDEPENDENT OXACILLIN RESISTANCE (MIOSA)

Giulieri SG. Antimicrob Agents Chemother. 2023



Genotype Phenotype Description Discrepancy reason
vanA detected Vancomycin susceptible • Deletions in Tn1546 • Nonfunctional vanA

vanA detected Vancomycin variable 
(VVE)

• Rearrangement in the regulator 
vanRS locus

• Silenced vanA (vanHAX) gene

• Unexpressed vanA
Vancomycin induction 
restores R

vanB detected Vancomycin susceptible • Presence of vanB • Lower vanB expression 
levels (susceptibility 
range)

vanAB not detected Vancomycin resistant • Presence of vanM or vanD • Not detectable by 
molecular target

Yee R. et al., J Clin Microbiol 2021



SCENARIO 2: 

✓ Vancomycin-susceptible enterococci

✓ vanA gene detected

✓ Rearrangement in the regulator vanRS locus

✓ Ability to revert to a costitutive VRE phenotype under vancomycin
exposure

A. Giardina, M. Meschiari, C. Venturelli, S.A. Fortuna, P. Conti, I. Venturelli, M. Del Monte, A.

Dessilani, C. Mussini, F. Campanile, M. Sarti

P201

IS1251

Prototype
Acc. No. M97297

VRE-P1

VVE-P1

IS1216 IS1251

VVE-P1 carried 

IS1216 between the 

resolvase (orf2) and 

the vanSgenes, 

probably responsible 

for the attenuation of 

vanHAX expression. 

Both VVE-P1 and 

VRE-P1 carried 

IS1251 downstream

VVE-P2

IS1216

VRE-P2

vanH vanA vanX vanZvanY

vanH vanA vanX vanZvanY

vanH vanA vanX vanZvanSvanRorf2orf1 vanY

vanH vanA vanX vanZvanSvanRorf2orf1 vanY

?

IS1251

Prototype
Acc. No. M97297

VRE-P1

VVE-P1

IS1216 IS1251

VVE-P1 carried 

IS1216 between the 

resolvase (orf2) and 

the vanSgenes, 

probably responsible 

for the attenuation of 

vanHAX expression. 

Both VVE-P1 and 

VRE-P1 carried 

IS1251 downstream

vanH vanA vanX vanZvanSvanRorf2orf1 vanY

vanH vanA vanX vanZvanSvanRorf2orf1 vanY

J Antimicrob Chemother 2021; 76: 876–882



vanM & vanD

2023 Mar 24;5(2):dlad026.

2022 Jan 4;4(1):dlab189. 

SCENARIO 3: 



Kakoullis L. et al., Antibiotics 2021

Class C

IMPORTANT TO DIFFERENTIATE BETWEEN CARBAPENEM RESISTANT AND NON 
CARBAPENEM RESISTANT

Cefepime

*S

*S

*S

*S

(CTX-M)



E.cloacae AmpC 
cromosomica

MIC SIR

Amoxicillina/ac clavulanico 32 R

Ampicillina >8 R

Cefoxitina >16 R

Cefepime <=8 S

Cefotaxime 16 R

Ceftazidime 16 R

Ceftazime/avibactam <=2 S

Ceftolozano/tazobactam <=1 S

Ciprofloxacina <=0.06 S

Ertapenem 0.5 S

Gentamicina <=2 S

Meropenem <=0.12 S

Piperacillina/tazobactam 16 R

Sulfa/trimethropim <=2/38 S

E.coli ESBL MIC SIR

Amoxicillina/ac clavulanico 32 R

Ampicillina >8 R

Cefoxitina <=8 S

Cefepime >8 R

Cefotaxime >32 R

Ceftazidime 32 R

Ceftazime/avibactam <=2 S

Ceftolozano/tazobactam <=1 S

Ciprofloxacina >1 S

Ertapenem <=0.12 S

Gentamicina <=2 S

Meropenem <=0.12 S

Piperacillina/tazobactam <=8 S

Sulfa/trimethropim <=2/38 S

CTX-M negativo
KPC negativo
OXA 48 negativo
VIM negativo
IMP negativo
NDM negativo

CTX-M POSITIVO
KPC negativo
OXA 48 negativo
VIM negativo
IMP negativo
NDM negativo

*Cefoxitin hydrolysis → to differentiate AmpC from ESBLs



Mechanism CZA M/V C/T I/R ATM/AVI FDC

KPC + + - + + +

OXA-48 + - - - + +

VIM - - - - + +

IMP - - - - + +

NDM - - - - + +



CTX-M POSITIVO
KPC negativo
OXA 48 negativo
VIM negativo
IMP negativo
NDM negativo

Klebsiella pneumoniae – CTX-M

ANTIBIOTICO MIC

Amoxicillina/ac.clavulanico >32 R

Piperacillina/tazobactam >16 R

Cefotaxime >32 R

Ceftazidime >32 R

Cefepime >8 R

Aztreonam >4 R

Gentamicina <=2 S

Amikacina <=8 S

Ciprofloxacina >1 R

Levofloxacina >1 R

Colistina <=2 S

Imipenem <=1 S

Ertapenem 0.5 S

Meropenem <=0.12 S

Ceftolozano/Tazobactam <=1 S

Ceftazidime/Avibactam <=2 S

CTX-M POSITIVO
KPC POSITIVO
OXA 48 negativo
VIM negativo
IMP negativo
NDM negativo

ANTIBIOTICO MIC

Amoxicillina/ac.clavulanico >32 R

Piperacillina/tazobactam >16 R

Cefotaxime >32 R

Ceftazidime >32 R

Cefepime >8 R

Aztreonam >4 R

Gentamicina >4 R

Amikacina <=8 S

Ciprofloxacina >1 R

Levofloxacina >1 R

Colistina <=2 S

Imipenem 4 R

Ertapenem >1 R

Meropenem 16 R

Ceftolozano/Tazobactam >4 R

Ceftazidime/Avibactam <=2 S

ANTIBIOTICO MIC

Amoxicillina/ac.clavulanico >32 R

Piperacillina/tazobactam >16 R

Cefotaxime >32 R

Ceftazidime >32 R

Cefepime >8 R

Aztreonam >4 R

Gentamicina >4 R

Amikacina >16 R

Ciprofloxacina >1 R

Levofloxacina >1 R

Colistina 1 S

Imipenem 8 R

Ertapenem >1 R

Meropenem >64 R

Ceftolozano/Tazobactam >4 R

Ceftazidime/Avibactam >8 R

CTX-M POSITIVO
KPC POSITIVO
OXA 48 negativo
VIM POSITIVO
IMP negativo
NDM negativo

Klebsiella pneumoniae - KPC Klebsiella pneumoniae - VIM

C
o

u
rt

es
y

o
f

D
r 

C
h

ia
ra

 V
is

m
ar

a 
 A

SS
T 

G
O

M
 N

IG
U

A
R

D
A

SCENARIO 1: 



DOUBLE POPULATION
ANTIBIOTICI MIC RIS MIC RIS

Ampicillina <=2 S >8 R

Amoxicillina/Ac. Clav <=2/1 S 4/2 S

Piperacil/tazobactam <=4 S <=4 S

Ceftaxidime <=0.5 S >64 R

Cefotaxime <=0.5 S 8 R

Cefepime <=0.5 S >8 R

Aztreonam <=1 S >4 R

Meropenem <=0.12 S <=0.12 S

Imipenem <=1 S <=1 S

Ertapenem <=0.12 S <=0.12 S

Amikacina <=8 S <=8 S

Ciprofloxacina <=0.25 S >1 R

Levofloxacina <=0.12 S >1 R

Cotrimossazolo <=2/38 S >4/76 R

Claramfenicolo <=8 S <=8 S

Colistina <=2 S 1 S

Tigeciclina <=0.25 S <=0.25 S

E.coli Wild type E.coli CTX-M

DEFINITIVE AMR (+ 48h) 

Phenotypic assays

24h

Double population

- E.coli Wild type
- E.coli CTX-M

1h

Preliminary genotypic AMR

CTX-M POSITIVO
KPC negativo
OXA 48 negativo
VIM 
IMP negativo
NDM negativo

Courtesy of Dr Chiara Vismara  
ASST GOM NIGUARDA

SCENARIO 2: 

ANTIBIOTICI MIC RIS

Ampicillina <=2 S

Amoxicillina/Ac. Clav <=2/1 S

Piperacil/tazobactam <=4 S

Ceftaxidime <=0.5 S

Cefotaxime <=0.5 S

Cefepime <=0.5 S

Aztreonam <=1 S

Meropenem <=0.12 S

Imipenem <=1 S

Ertapenem <=0.12 S

Amikacina <=8 S

Ciprofloxacina <=0.25 S

Levofloxacina <=0.12 S

Cotrimossazolo <=2/38 S

Claramfenicolo <=8 S

Colistina <=2 S

Tigeciclina <=0.25 S



ANTIBIOTICO MIC

Amoxicillina/ac.clavulanico >16 R

Piperacillina/tazobactam >128 R

Cefotaxime >4 R

Ceftazidime >128 R

Cefepime >8 R

Gentamicina >4 R

Tigeciclina 0.5 *

Ciprofloxacina >4 R

Colistina 1 S

Fosfomicina 32 S

Ceftalozano/Tazobactam >4 R

Meropenem >32 R

Ceftazidime/Avibactam 4 S

Meropenem/Vaborbactam 1 S

Cefiderocol 0.5 S

Courtesy of Dr A Marino & B. Bellocchi.
ARNAS Garibaldi Hospital - Catania.

DEFINITIVE AMR (+ 48h) 

SCENARIO 2: 

?SUSCEPTIBILE TO….

Immunochromatographic assay: 
KPC: Positivo
VIM: Negativo

Carbapenemase detection

WGS: 
blaKPC-3

blaVIM-1::IS26

INTERPRETATION

Preliminary genotypic AMR

CTX-M negativo
KPC POSITIVO
OXA 48 negativo
VIM POSITIVO
IMP negativo
NDM negativo

1h

KPC + VIM



EMERGENCE OF KPC VARIANTS

Ding L, et al. Clin Microbiol Rev. 2023.

More than 150 blaKPC variants have been reported worldwide



SCENARIO 2: 

ANTIBIOTICO MIC

Amoxicillina/ac.clavulanico >32 R

Piperacillina/tazobactam 16 I

Cefotaxime >32 R

Ceftazidime >32 R

Cefepime >8 R

Aztreonam >4 R

Gentamicina >4 R

Amikacina <=8 S

Ciprofloxacina >1 R

Levofloxacina >1 R

Colistina <=2 S

Imipenem <=1 S

Ertapenem <=0.12 S

Meropenem <=0.12 S

Ceftolozano/Tazobactam >4 R

Ceftazidime/Avibactam >8 R
Courtesy of Dr Chiara Vismara  

ASST GOM NIGUARDA

DEFINITIVE AMR (+ 48h) 

?SUSCEPTIBILE TO….

CTX-M POSITIVO
KPC POSITIVO
OXA 48 negativo
VIM negativo
IMP negativo
NDM negativo

Preliminary genotypic AMR

1h

INTERPRETATION

blaKPC-166

1. Loss of carbapenemasic activity 

2. Increased affinity to ceftazidime

CAZ/AVI Resistance

KPC + CTX-M

RESISTENT TO…. ?



AAC 2023

AAC 2019



Courtesy of Dr A Marino & B. Bellocchi.
ARNAS Garibaldi Hospital - Catania.

CTX-M negativo
KPC negativo
OXA 48 negativo
VIM negativo
IMP negativo
NDM negativo

ANTIBIOTICO MIC

Piperacillina/tazobactam 16 R

Ceftazidime >8 R

Cefepime >8 R

Aztreonam 16 I

Gentamicina >16 R

Ciprofloxacina >16 R

Colistina ≤1 S

Imipenem >32 R

Meropenem >32 R

Ceftolozano/Tazobactam >8 R

Ceftazidime/Avibactam 4 S

Meropenem/Vaborbactam >16 R

Preliminary genotypic AMR

1h

DEFINITIVE AMR (+ 48h) 

INTERPRETATION

blaGES

Plasmid/Integron carried or 
chromosomally encoded (ST235)

1. CAZ/AVI → good in vitro activity 

2. Meropenem/vaborbactam→ poor 

activity, similar to meropenem alone

?
RESISTANCE TO….

?

SCENARIO 3: 
GES



Courtesy of Dr A Marino & B. Bellocchi.
ARNAS Garibaldi Hospital - Catania.

CTX-M negativo
KPC negativo
OXA 48 negativo
VIM negativo
IMP negativo
NDM negativo

?RESISTANCE TO….

Preliminary genotypic AMR

1h

DEFINITIVE AMR (+ 48h) 

INTERPRETATION

AmpC
over-expression

SCENARIO 3: 

ANTIBIOTICO MIC

Piperacillina/tazobactam 32 R

Ceftazidime >64 R

Cefepime 8 I

Aztreonam >4 R

Gentamicina >4 R

Ciprofloxacina >1 R

Colistina >=2 S

Imipenem 2 S

Meropenem 4 S

Ceftolozano/Tazobactam 4 S

Ceftazidime/Avibactam 8 S

Meropenem/Vaborbactam 4 S

Cefiderocol <2 S

?SUSCEPTIBILE TO….

AMPC





WHAT CAN LABS DO 
TO SOLVE 

DISCREPANCIES?

✓

✓

✓ R”

✓



PRIN 2022 N. 2022WZK874 

SOTERIA project 

THANK YOU FOR YOUR ATTENTION

“È qui con suo marito?” 

“Sono io mio marito”.

Rita Levi Montalcini.
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