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Introduction
• Incidence and number of deaths related to BSI are increasing

• Lethality often due to inadequate antimicrobial therapy
administered within the first 24 h
• Each hour of delay over 6 hours following septic shock in antibiotic 

administration decreases the survival rate of more than 7%

• Empirical antimicrobial therapy may favour selection and 
spread of antimicrobial resistant pathogens

The AMR situation in Italian hospitals and regions poses a major 
public health threat to the country. The levels of carbapenem-
resistant Enterobacteriaceae (CRE) and Acinetobacter baumannii
have now reached hyper-endemic levels and, together with 
meticillin-resistant Staphylococcus aureus (MRSA), this situation 
causes Italy to be one of the Member States with the highest level 
of resistance in Europe. 

Dalla visita dell’ECDC



Introduction –
microbiological data

Gram-negative are now more prevalent than Gram-positive, 
fungi keep to increase (with local differences due to patient
population)



Standard methods and Rapid Diagnostic Tests in Sepsis

(< 1 h)

(12-24 h)

ID: 24 h 
from 
positivity

AST: 48 h 
from 
positivity

<1 h
ID: same
day of 
positivity

ID: same
day of 
positivity

AST: 24 h 
from 
positivity

BC-independent methodsBC-dependent methods

Empiric therapy

Oriented therapy 
( Identification (ID) 

Targeted therapy 
(Antimicrobial Susceptibility 

Test (AST)

Modified from Florio w. et al. 2017 Critical reviews in Microbiology



Blood culture: pre-analytical step

Particular care should be taken 
in:
• TIMING OF BC SPECIMEN 

COLLECTION
• BLOOD CULTURE COLLECTION

• Skin Preparation
• Sampling Site       
• Sampling strategy
• Impact of Volume Sampled on 

BCs Yield

• TIME TO TRANSPORTATION



Opota et al, Clin Microbiol Infect 2015

Rapid Diagnostic Test (RDT) for BSI

1

2

1. Directly from
whole blood:

•  Molecular methods

2.Blood culture 
positive-
dependent
methods:

•  Directly from blood
culture

•  Subculture 
dependent



Methods directly from whole blood (BC-independent)

Rello et al, Clin Microbiol Infect 2018. in press. 

Major disadvantages

• High costs (mainly for test)

• ID achieved for pathogens covered by each panel (conventional
tests are needed

• Low sensitivity and specificity…except for T2 Bacteria panel

PCR-based 3-8 h R genes



• Positive results more than 4.5 times faster (5.5 hours 
vs. 25 hours for BC).

• Negative results 20 times faster (6.1 hours vs. 120 
hours for BC). 

• 89.5% sensitivity and 98.4% specificity in comparison 
with clinical criterion of a true infection.



Opota et al, Clin Microbiol Infect 2015, 21:313-22

• Directly from blood culture

(a) Directly from positive BC (t 0’); 
ID by molecular methods
(Microarray-based; PCR-based; 
FISH)

(c) Directly from positive BC from 
bacterial pellet (t 1 h); ID by MALDI 
TOF

• Subculture-dependent (solid media): 

(b) short (t 3 h); ID by MALDI TOF

Direct BC positive-dependent methods



Direct methods from positive BCs

Rello et al, Clin Microbiol Infect 2018. in press. 

from bacterial pellet

Main advantages

• rapid TAT for ID (1 to 3 h)

• High sensitivity and specificity

• High performance in polymicrobial BSI (no 
MALDI TOF) 

• Information on specific resistance genes

Main disadvantages

• Need to wait for BC positivity (time of 
BC incubation)

• relatively high cost

• Are “add-on” tests, conventional 
testing are required



Rapid ID and AST from positive blood cultures –
Accelerate Pheno System

PRINCIPLE:

• ID: Fluorescence in situ hybridization (FISH) 
technology. 
• 1.5 h ID. 

• AST: Morphokinetic cellular analysis. 
Report MIC results
• 7 h AST
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BC-dependent Rapid Susceptibility Testing

• Molecular rapid susceptibility 
tests, limited to the detection of 
a few specific resistance genes 
(e.g., mecA in Staphylococcus aureus Van A/B 
per Enterococcus, or blaKPC in 
Enterobacteriaceae).

• Phenotypic rapid susceptibility
tests (such as disk diffusion and 
microdilution, or colorimetric 
tests), directly from positive BC or 
from early subcultures

• Time to results: 24 h earlier then 
conventional AST!

Barnini et al. 2016;  Bruins et al. 2004;  de Cueto et al. 2004; Funke and Funke-Kissling 2004; Gherardi 
et al. 2012; Idelevich et al, 2016; Lupetti et al. 2010a, 2013; Machen et al. 2014; Mitchell and Alby
2017 Dubourg et al, Clin Microbiol Infect 2018, doi: 10.1016/j.cmi.2018.03.031

Molecular and phenotypic methods implemented in microbiology laboratories 
to reduce time to result in reporting AST from blood cultures (BC)



3 FDA-approved molecular methods

• FilmArray BCID

• Verigene Gram-positive blood culture

• Verigene Gram negative blood culture

Positive BC-dependent methods and clinical impact

Ramanan P et al, Clin Microbiol Rev 2018 31:e00024-17.

POSITIVE clinical and 
economical impact

Decrease of:

• Turn around time 

• hospital length of stay

• time to de-escalation and optimal therapy

• mortality

• costs



How to use rapid tests for BSI

• To realize maximal benefits (better outcomes), RDTs 
should be performed in specialized clinical 
microbiology lab opened 24 h/7 days, coupled with 
diagnostic and antimicrobial stewardship programs
( = real time intervention) 

RESOURCE!
• The choice of the rapid method mainly relies on the 

micro lab organization, staff availability, cost-
effectiveness, clinical needs.



Clinical 
microbiologist, 
ICU specialist, 
ID specialist, 
pharmacist, etc.

ID specialist, pharmacist, 
ICU specialist, clinical
microbiologist, clinical
pharmacologist, publich
health specialist, etc.

MULTIDISCIPLINARITY

Messacar K et al. 2017. J Clin Microbiol 55:715–723

Important role of clinical microbiology laboratory:
• helping clinicians in the diagnosis and treatment of infectious diseases.
• supporting infection control specialists. 



THANKS!



Introduction – microbiological data

Gram-positive = 47.9%

Gram-negative = 44.7%
Yeast = 7.5%



Directly from whole blood
Molecular PCR-based methods

Opota et al, Clin Microbiol Infect 2015



Molecular methods directly from whole blood

PCR combined with Electrospray ionization (ESI)-MS 

• broad-spectrum PCR combined with ESI-MS to potentially identify any 
microorganism present in a clinical specimen. 

• Using MS, the mass of each PCR amplicon is determined based on nucleotide 
base composition and compared to a database, achieving the identification of 
the pathogen.

• identify more than 800 species of bacteria with a TAT of 6–8 h

• Recently, a platform based on the PCR/ESI-MS technology, called IRIDICA (Ibis 
Biosciences, Carlsbad, CA), that includes automated DNA extraction, PCR 
amplification, amplicon purification, and ESI-MS analysis, has been developed 
(The IRIDICA system can also detect antibiotic resistance markers: mecA, vanA, 
vanB, and blaKPC)

Kaleta et al. JCM 2011; Jordana-Lluch et al. PLoS One 2013, 2015; Laffler et al. JCM 2013; Bacconi et al. JCM 2014; Metzgar et al. PLoS One 2016



Opota et al, Clin Microbiol Infect 2015, 21:313-22

Culture-dependent
microbiological
diagnosis

• Directly from blood culture

(a) Directly from positive BC (t 0’)

(c) Directly from positive BC from 
bacterial pellet (t 1 h)

• Subculture-dependent (solid
media): 

(b) short (t 3 h)

long subculture (t 18-24 h) 
(conventional)



Opota et al, Clin Microbiol Infect 2015

Blood culture positive-dependent methods
Directly from positive BC - Molecular methods



Directly from positive BC from bacterial pellet
ID by MALDI TOF



Different sample preparation
protocols

Faron ML, JCM 2017, 55:3328 –3338

25-30 min of hands-on time

to separate bacterial 
and host proteins 
through cell lysis 
and/or differential 
centrifugation steps 
(Sepsityper lysis, lysis 
filtration, centrifugation 
at low and then at high 
speed, etc)



Directly from positive BC from 
bacterial pellet - ID by MALDI TOF

Disadvantages:

• Performance better for gram negative than gram
positive (58%-86% for Gram-positive, 84%-98% for 
Gram-negative rods)

• Polymicrobial infections (generally only one species
is identified)

• For organizational reasons due to additional
processing time

French K et al, PLoS One 2016



Rapid ID and AST from positive blood
cultures by Accelerate Pheno System

Some disadvantages

• High costs

• Identification achieved to genus-level for 
some organisms (such as Streptococcus 
and Staphylococcus spp), or no 
identification due to uncovered
pathogens or invalid runs

• certain organism-antimicrobial 
combinations did not perform well (such 
as ceftazidime for P. aeruginosa, or TZP 
for Klebsiella)

• the system can process only one sample 
at a time per module, although it can 
currently accommodate up to 4 modules

• The system currently does not include ID 
and AST for Gram-positive rods, 
anaerobes, or AST for yeast

Charnot-Katsikas et al, 2018, J Clin Microbiol 56:e01166-17; 
Lutgring et al, 2018, J Clin Microbiol 56:e01672-17; Marschal
et al, 2017, J Clin Microbiol 55:2116 –2126; Panchioli et al, 
2018, Clin Microbiol 56:e01329-17
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Subculture dependent method
MALDI TOF after short-term incubation (about 3 hrs)

• Low cost, simple and rapid (2/4 h 
for Gram-neg, 4/5 h for Gram-pos) 
method

• Used for direct ID by MALDI-TOF 
with high performance (> 80% for 
Gram positive and > 95% for Gram
negative) 

• Easy implementation and 
integration into diagnostic routine

• Limitations:
• Greater benefits for lab opened

24h/day
• Polimicrobial cultures
• Specific species or group of 

organisms (i.e., Streptococci, yeast, 
anaerobes)

Delport et al, PLoS ONE 2016; Dubourg et al, Clin Microbiol Infect 2018; Ha et al, 
Ann Lab Med 2018; Idelevich et al, Clin Microbiol Infect 2014; Idelevich et al, J Clin
Microbiol 2014; Mauri et al, BMC Infectious Diseases 2017; Mitchell et al, Eur J Clin 
Microbiol Infect Dis 2017



• Phenotypic 
methods 
implemented 
in 
microbiology 
laboratories to 
reduce time to 
result in 
reporting AST 
from blood 
cultures (BC)

Dubourg et al, Clin Microbiol Infect 2018, doi: 10.1016/j.cmi.2018.03.031



….and molecular rapid AST methods (< 1 h) from pellets and/or 
short-time subculture

few examples:

Real-time PCR (Xpert
Carba-R)

Smith et al, JMM 2016

For Gram-negative
For Gram-positive (MRSA)

Real-time PCR 
(Xpert MRSA BC)
Clerc et al, CMI 2014



New rapid ID and AST methods under development –
from whool blood

2015 Nanopore NGS

2017

Digital PCR and 
high resolution
melt analysis

T2 Magnetic
Resonance
Assay

2015

Host response-targeted RT-qPCR Assay
Quantifies relative expression levels of 4 RNA 
biomarkers (CEACAM4, LAMP1, PLA2G7, PLAC8)

Amplification-free 
technology
Droplet Digital Detection
(IC 3D)Microfluidic

chips



New rapid ID and AST methods under development
– from positive blood cultures

2017 2016

2017

2017

Nanomechanical
sensors

LAMP

Biochips



CONCLUSIONS (1)
• MALDI TOF and mRDT can allow a rapid and 

accurate ID identification of microorganism (within 
2-5 hrs).

• AST can be also reached in few hrs (anyway 24 h 
earlier then conventional tests).

• Always coupled with the conventional standard BC 
procedures for ID and AST.

• Interpretation of individual results should always be 
done in the light of a clinical evaluation.

• RDTs should be performed from high-specialized 
and trained staff, 24 h a day/7 days a week, coupled 
with stewardship programs (precise information 
flow system)



Clinical 
microbiologist, 
ICU specialist, 
ID specialist, 
pharmacist, etc.

ID specialist, pharmacist, 
ICU specialist, clinical
microbiologist, clinical
pharmacologist, publich
health specialist, etc.

CONCLUSIONS (2)
MULTIDISCIPLINARITY

Messacar K et al. 2017. J Clin Microbiol 55:715–723

Important role of a clinical microbiology laboratory in:
• assisting clinicians in the diagnosis and treatment of 

infectious diseases.
• supporting infection control specialists. 


