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•  Tests rapides par immunochromatographie 

•  Apport des techniques moléculaires 

•  Identification bactérienne par spectrométrie de 
masse 

•  Détection rapide de la résistance aux 
antibiotiques: exemple des bêta-lactamases à 
spectre étendu 



•  Faciles à utiliser pour la plupart 

•  Résultats rapides (30 min à 3h) 
o  Identification des microorganismes  
o  Résistance aux antibiotiques  
o  Virulence (Toxine) 

⇒  Meilleure prise en charge ?  
–  Antibiothérapie ciblée et adaptée  
–  Isolement (BMR, IST, …) 

⇒   Mais connaître les limites des tests +++  







•  Cible=polyoside C de la paroi 

•  Sensibilité 0,74 (0,72-0,77) 
•  Spécificité 0,94 (0,93-0,95)  

 Boulware et al. J Infection 2007 

•  1ère lecture à 15 minutes : validation d’un résultat positif  
•  2ème lecture à 30 minutes pour valider un résultat négatif 

•  Faux positifs :  
-  Porteur sain (enfants +++), autres Streptocoques non-pneumoniae 
-  Excrétion des Ag dans l’urine jusqu’à 6 mois après la pneumonie 

    Andreo et al, Eur J Clin Microbiol Infect Dis. 2009 



Clin Mic Infect 2010 



ATB Avant ICT Après ICT p 
Amoxicilline 7% 45% <0,01 

Groupe pneumonie 
(58 patients):  

treated with antibiotics. After receipt of the ICT results, all

patients were treated with antibiotics. Twenty-six received

amoxycillin and 16 received cefotaxime (Table 2). In both

cases, the increase in the number of patients treated with

amoxycillin after a positive ICT result was statistically signifi-

cant, as was the decrease in the number of patients treated

with amoxycillin–clavulanic acid or combined therapy.

In summary, 233 patients were diagnosed with pneumonia.

In this group (Table 3), after knowledge of the ICT result, the

antibiotic regimen was not changed for 161 patients, the regi-

men was adapted in 22 of 58 cases and changed to amoxycillin

after a positive ICT result, and six of 175 patients were trea-

ted with broader-range regimens after a negative ICT result.

Discussion

The impact of the ICT result on the aetiological diagnosis of

pneumonia is well documented [14]. The sensitivity and

specificity of the test are sufficient to allow a confident

switch from a broad-spectrum to a more specific antibiotic

regimen against S. pneumoniae [7,10]. Although urinary anti-

gen detection has been found to be useless for the diagnosis

of pneumonia [10], it is true that this test is often misused

for this purpose in clinical practice.

Distinguishing pneumonia from other pneumological afflic-

tions is sometimes challenging, especially in elderly patients.

In the absence of a unique diagnostic reference criterion, phy-

sicians tend to rely on a number of criteria to establish the

diagnosis [15]. We deliberately chose to use the clinician’s

diagnosis as the standard for the identification of patients

with pneumonia, rather than an independent review, as we

were attempting to analyse physicians’ behaviour. In our

study, more than half of the ICTs were performed for

patients who were not considered, by the prescriber, to have

pneumonia. This finding can be explained by the fact that

some physicians probably use the ICT as a means to diagnose

pneumonia rather than the aetiology of the pneumonia.

Another striking element is the relatively high rate of multi-

ple ICTs prescribed for the same patient (8%) (data not

shown). One explanation is the presence of multiple care-tak-

ers (interns, fellows and seniors), who might prescribe it

repeatedly. Another explanation is that the patient often does

not stay in the emergency department but is transferred to a

general ward; it can then sometimes be difficult to view the

computerized prescription made at the emergency depart-

ment. A third explanation is that the physician wants to

repeat the ICT in order to increase the sensitivity, although

this possibility has not been demonstrated. This excess of

ICT prescriptions comes with an economic cost. One ICT kit

costs €20 and an additional €7 of labour costs. In our hospital,

more than 1300 ICTs are performed each year. Taking dupli-

cate and unnecessary ICTs into account (8% and 57%, respec-

tively), we estimated a surplus cost of€22 000 per year.

The ICT allowed the aetiological diagnosis in an additional

17% of the patients who had pneumonia with no S. pneumo-

niae-positive cultures. This number is comparable to that

obtained in other studies [14,16].

There are differences in the adherence to guidelines as

reported in published studies [17–19]. In the pneumonia

group of this study, although a positive ICT result led to a

greater proportion of patients being treated with amoxycillin

(45% vs. 7%, p <0.01), there was still fairly poor adherence

to the national guidelines for the management of pneumonia,

which advocate the use of amoxycillin in pneumococcal

pneumonia [2,3].

Overall, the impact of an ICT on changing the antibiotic

regimen appeared to be low in this study (Table 3), because

a positive ICT result did not lead to the use of a narrow-

spectrum antibiotic such as amoxycillin. Other reports have

found that blood culture results have a limited impact on

changing the antibiotic regimen in cases of pneumonia, even

when they are positive [20,21]. These findings raise the ques-

tion of the usefulness of microbiological examinations in

non-severe pneumonia [2], as there is limited impact on the

adaptation of therapy. This can be explained by the reluc-

tance of physicians to prescribe narrow-spectrum antibiotics

and to change a ‘winning team’ [22]. However, this habit

could lead to the alteration of the human bacterial flora and

the selection of resistant microorganisms.

This study has several limitations. First, it was conducted

in one single centre, and generalization could therefore be

TABLE 3. Impact of immunochromatographic test (ICT)

results on the antibiotic regimen in the pneumonia group

(n = 233, percentage in parentheses)

Impact on the antibiotic regimen Number (%) of patients

ICT positive (N = 58)
Change adapteda 22 (9)
Change not adapted 14 (6)
No change 20 (9)

ICT negative (N = 175)b

Initiation of therapy 11 (5)
Step-downc 8 (3)
Broader-range therapyd 6 (3)
Other change 9 (4)
No change 141 (61)

aIn cases of positive ICT results, a change was considered to be adapted if anti-
biotic therapy was switched to amoxycillin or, in cases of allergy, to cefotaxime
or levofloxacin (see Materials and Methods).
bIn cases of negative ICT results, a BinaxNOW urinary Legionella test was per-
formed immediately, which could explain some step-downs.
cSwitching from a combination regimen to a monotherapy.
dAdding a quinolone or a macrolide to the antibiotic regimen.
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Extraction ADN ADN purifié 

PCR=>amplification du gène 



ADN amplifié 



Extraction 
ADN 

PCR + 
détection  



•  PCR en milieu fermé : extraction ADN+PCR temps réel 
o  Facilité d’utilisation (Préparation < 5min) 
o  Rapide (45 min-2h) 
o  Biologie délocalisée  

•  Exemple du Xpert Cepheid® 



 Clinical IVD Tests 
        Healthcare Associated Infections 
            Xpert MRSA 
            Xpert SA Nasal Complete 
            Xpert MRSA/SA SSTI 
            Xpert MRSA/SA BC 
            Xpert C. difficile 
            Xpert C. difficile/Epi 
            Xpert vanA 

Critical Infectious Diseases 
            Xpert MTB/RIF 

Sexual Health 
            Xpert CT/NG 
            Xpert GBS 
            Xpert GBS LB 

⇒  Identification 
⇒  Détection multi-résistance 
⇒  Détection facteurs de virulence 

www.microbes-edu.org/etudiant/diag1.html 

Sensibilité  
des différentes techniques 



•  Choix de la cible +++ (nbre de copies du gène, 
présence ou non du gène, spécificité…) 

•  Spécificité des primers=> amplification du mauvais 
fragment=> faux + 

•  Mutations dans le gène => les primers ne s’hybrident 
plus=> faux négatif 
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Table 2. Summary of Rapid Diagnostic Studies and Antimicrobial Stewardship

Diagnostic Test/
Assay Study Organisms Population Findings

Verigene: BC-GP Sango et al [9] Enterococcus spp 74 patients with documented enterococcal
bacteremia (46 pre–BC-GP, 28 post–BC-
GP)

Mean time to appropriate antimicrobial therapy was 23.4 h shorter in the
postintervention group than in the preintervention group (P = .0054). In
the postintervention group, the hospital LOS was significantly shorter
(21.7 d; P = .0484) andmean hospital costs were $60 729 lower (P = .02)
than in the preintervention group.

MALDI-TOF MS Perez et al
[13]

Gram-negative 201 patients with gram-negative bacteremia
surviving to hospital discharge (100
preintervention, 101 intervention)

MALDI-TOF MS and antimicrobial susceptibility testing performed directly
on positive blood cultures combined with real-time notification and ID
pharmacist intervention resulted in a 46-hour reduction (P = .004) in time
to antibiotic optimization compared with conventional methods; rapid
results and intervention improved time to active treatment by 36.7 h in
patients with inactive empiric therapy (P < .001). Decreased LOS (11.9 d
vs 9.3 d; P= .01) and reductions in hospital costs per patient ($45 709 vs
$26 126; P = .009) were also observed.

Huang et al
[28]

Aerobic gram-positive and
gram-negative organisms
and yeast isolates

501 patients with bacteremia or candidemia
(256 preintervention, 245 intervention)

Intervention group: decreased time to organism identification of 84.0 vs
55.9 h, (P < .001), improved time to effective antibiotic therapy of 30.1 vs
20.4 h (P = .021), and optimal antibiotic therapy (90.3 vs 47.3 h;
P < .001), 2.8-day decrease in mean LOS (P = .07) and reduced mortality
(20.3% vs 14.5%; P = .02).

Clerc et al [11] Gram-negative 202 patients with a first episode of gram-
negative bacteremia leading to an ID
consultation

Addition of MALDI-TOF MS for rapid identification of gram-negative
isolates from positive blood cultures following Gram stain results
impacted choice of antibiotic for a greater percentage of patients with ID
consultation compared with Gram stain results alone (35.1% vs 20.8%;
P =NR).

Wenzler et al
[24]

Acinetobacter baumannii 109 patients with pneumonia and/or
bacteremia (66 preintervention,
53 intervention)

MALDI-TOF MS combined with stewardship interventions resulted in a
significant reduction in time to effective therapy (77.7 h vs 36.6 h;
P < .0001) and increase in clinical cure (15% vs 34%; P= .016).

Perez [29] Gram-negative 265 patients with antibiotic-resistant gram-
negative bacteremia (112 preintervention,
153 intervention)

Rapid diagnostic testing with stewardship improved time to optimal
antibiotic therapy (80.9 h vs 23 h; P< .001). Mortality among patients
during the intervention period was lower (21% vs 8.9%; P = .01).

Xpert MRSA/
SA—blood
culture

Parta et al [14] Staphylococcus spp 212 patients with GPCC (89 in group 1,
whose physicians were notified of results
by use of Xpert MRSA/SA BC, 123 patients
in group 2, with delayed reporting after
traditional microbiological studies)

Patients in rapid diagnostic and result notification protocol group who did
not have S. aureus bacteremia had a significant decrease in treatment for
S. aureus infection (76% vs 55%; P < .01). Patients with MSSA had
significantly reduced mean time to initiation of β-lactam therapy (44.6-h
reduction).

Bauer et al
[15]

Staphylococcus spp 156 patients with Staphylococcus aureus (74
pre-rPCR, 82 post-rPCR)

Mean time to switch from empiric to targeted antimicrobial therapy in
patients with MSSAwas 1.7 d shorter after rPCR (P = .002). In the post-
rPCR MSSA, and MRSA groups, mean LOS was reduced by 6.2 d
(P = .07). Mean hospital costs were reduced by $21 387 (P = .02) for the
post-rPCR group.

Wong et al
[16]

CoNS 53 patients (31 preintervention, 22
intervention)

In postintervention group: antistaphylococcal antibiotics were discontinued
32.0 h sooner from time of rPCR result (median, 57.7 vs 25.7 h;
P = .005), total antibiotic exposure was decreased by 43.5 h (97.6 vs
54.1 h; P = .011), infection-related LOS was decreased by 4.5 d (10 vs
5.5 d; P = .018), infection-related costs were decreased by $8338
($28 973 vs $20 635; P = .144). Vancomycin was initiated in 7 (21.9%)
patients with CoNS bacteremia.
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Table 2 continued.

Diagnostic Test/
Assay Study Organisms Population Findings

Xpert MRSA/SA
SSTI—PCR
assay

Terp et al [17] MRSA 165 patients with purulent SSTI No significant reduction in excessive empiric prescription of MRSA-active
antibiotics in the absence of an effective stewardship implementation
strategy.

PNA FISH Forrest et al
2006 [18]

CoNS 87 patients (53 with CoNS, 34 with positive
blood cultures with GPCC not tested in
same time period in control group)

Case patients: significant reduction in median LOS from 6 to 4 d in PNA
FISH group (P < .05; CI, .95–1.87); decrease in costs of approximately
$4000 per patient.

Schweizer
et al [19]

S. aureus 814 patients with bacteremia admitted
between 2001 and 2007

Of 774 patients who received appropriate antimicrobial therapy, the time to
appropriate therapy was shorter among patients who were admitted
after the PNA FISH assay was instituted compared to pre–PNA FISH
implementation (0.34 d vs 0.56 d; P= .06).

Holtzman
et al [20]

S. aureus, CoNS 199 patients (100 pre–PNA FISH, 99 post–
PNA FISH)

No reduction in LOS or vancomycin use. Study did not include active
notification or antimicrobial stewardship intervention.

Forrest et al
[21]

Enterococcus spp 224 patients with hospital-acquired
enterococcal bacteremia (129
preintervention period, 95 PNA FISH
period)

PNA FISH identified E. faecalis a median of 3 d earlier and OE 2.3 d earlier
compared with standard microbiology (P< .001). The OE had
significantly shorter time to initiation of effective therapy (1.3 d vs 3.1 d;
P < .001) and decreased 30-day mortality (26% vs 45%; P= .04).

Ly et al 2008
[22]

S. aureus 202 patients with gram-positive cocci in
clusters and blood cultures

Significant reduction in mortality in the intervention group compared with
the standard management group (7.9% vs 16.8%; P = .05);
hospitalization charges were less by approximately $20 000 in the
intervention group.

Yeast Traffic
Light PNA
FISH

Heil et al [36] Candida spp 82 patients with blood cultures testing
positive for yeast (61 preimplementation of
PNA FISH assay, 21 postimplementation)

Postimplementation group: mean time to targeted therapy of 0.6 d vs 2.3 d
preimplementation (P= .0016), median time to culture clearance of 4 vs
5 d (P = .01). PNA FISH test reduced pharmacy costs by >$400 per
patient.

CAG PNA FISH Forrest et al
[33]

C. albicans 72 patients with candidemia PNA FISH facilitated the rapid identification of C. albicans in 31 of 72
patients and resulted in a significant decrease in the use of caspofungin.
Cost savings of $1729 per patient were realized.

Abbreviations: BC-GP, blood culture gram-positive; CAG, Candida albicans/glabrata; CI, confidence interval; CoNS, coagulase-negative staphylococci; GPCC, gram-positive cocci in clusters; ID, infectious disease; LOS,
length of stay; MALDI-TOF MS, matrix-assisted laser desorption/ionization time of flight mass spectrometry; MRSA, methicillin-resistant S. aureus; MSSA, methicillin-susceptible S. aureus; NR, not reported; OE, other
enterococci; PBP2a, penicillin-binding protein 2a; PNA FISH, peptide nucleic acid fluorescence in situ hybridization; rPCR, random polymerase chain reaction; SSTI, skin and soft tissue infection.
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-‐	   Diminu)on	   de	   la	   durée	   de	   la	   mise	   en	   route	   d’une	  
an)biothérapie	  adaptée	  sur	  SAMS	  
-‐	  Diminu)on	  de	  la	  durée	  d’hospitalisa)on	  
-‐ 	  Diminu)on	  du	  coût	  	  
-‐ Diminu)on	   de	   la	   prescrip)on	   d’an)bio)ques	   en	   cas	   de	  
contamina)on	  à	  staphylocoque	  à	  coagulase	  nega)ve	  

Mais	  

-‐ 	  Pas	  de	  différence	  si	  les	  référents	  en	  an)biothérapie	  ne	  sont	  pas	  
par)e	  prenante	  (messager	  et	  éducateur)	  
-‐ 	  Peu	  de	  valeurs	  si	  résultats	  pas	  donnés	  en	  temps	  rééls	  
-‐ 	  Peu	  d’étude	  de	  l’impact	  sur	  la	  mortalité	  

Apport	  pour	  le	  bon	  usage	  des	  an2bio2ques	  





24 h 

48 h 

Révolution de l’identification bactérienne :  
MALDI-TOF MS 

Qques 
heures 

Examen 
direct 



Matrix-assisted laser desorption/ionization-time of flight mass spectrometry  

•  Matrice + échantillon => Cible (plaque métallique)  
•  Laser => désorption /ionisation  
•  Analyseur du temps de vol  



Profil de pics (protéines bactériennes) : 
-  ratio m/z  

-  intensité relative  



Identification à l’espèce : 93,2% 
Identification au genre : 5,3% 

=> identification of anaerobes, fastidious bacteria and slow growing bacteria has 
been improved by the arrival of MALDI-TOF-MS in clinical laboratories 

=> Identification à J1 (le jour de la culture) 



If >105 UFC/mL of 
a single species  
=> 92% 
identification 

Ferreira et al, JCM 2010 

⇒  Identification directement sur le culot de centrifugation 



•  Identification à J0 ! 

•  Excellentes identifications sur BGN+++ 

•  Limites :  
-  Seuil de détection : ≈105 UFC/mL 
=> pb si < 105 UFC/mL 
-  Prélèvements plurimicrobiens 

Clin. Microbiol. Rev. 2014 vol. 27 no. 4 783-822  

Ferreira et al, JCM 2010 



•  Identification espèce >90% des cas 
•  En <3h (extraction) 
•  HC plurimicrobienne: identification de l’espèce 

majoritaire+++ 

JCM 2013 

Centrifugation 
Lyse des GR 
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Vlek et al. Plos 2012 

treatment [10], shorter hospital stay [12], lower mortality [11],
lower antibiotic use [13] and lower costs [11,12] were reported.
Most of these studies examined the clinical effect of more rapid

identification in combination with rapid susceptibility testing [10–
12], and only one of these studies was restricted to blood culture
isolates [10]. Moreover, the exact time of antibiotic switching was
not recorded in all studies and different definitions of switching
were used [12,13]. In this study only the identification time was
shortened while the duration of susceptibility testing was left
unchanged. Therefore, any change in the proportion of patients
on adequate treatment can be attributed to the use of direct
MALDI-TOF MS analysis.
Contribution of microbiology results to antimicrobial manage-

ment depends on local antimicrobial policies and bacterial
ecology. This study was performed in a setting where antibiotic
resistance is infrequent, which allows species identification to be a
more powerful tool than in settings with more complex resistance
patterns. Inadequate empirical therapy occurs infrequently in our
population because of low resistance levels. For instance, there
were no bacteremia episodes with MRSA and vancomycin
resistant enterococci and empirical therapy was adequate in the
majority of patients already receiving antimicrobial treatment.
In this study antimicrobial therapy was judged inappropriate

when isolated pathogens were resistant to prescribed agents or
when antibiotic therapy was not according to the hospital

guidelines. Consequently, a few antimicrobial regimens judged
inappropriate may, although suboptimal, be effective against the
causative pathogens. In this study, direct MALDI-TOF MS
yielded correct identification in a lower proportion of episodes
compared to the results of previous studies. This might be
explained by a relatively large proportion of Gram positive and
polymicrobial infections in this study, while in other studies
polymicrobial samples have been excluded[6]. It is known that
Gram positive and polymicrobial infections are often not
accurately identified by direct MALDI-TOF MS [14]. However,
adaptations in sample processing may increase rates of correctly
identified microorganisms [7,15–17] and thereby increase clinical
impact of direct MALDI-TOF MS even further.
Limitations of this study include the fact that the study size was

too small to evaluate differences in morbidity or mortality between
the intervention group and the standard care group. In addition,
MALDI-TOF MS only provides identification without informa-
tion on antimicrobial susceptibility. This information can guide
antibiotic management better in a setting with low levels of
antibiotic resistance compared to areas with higher levels of
resistance. This may decrease generalizability of our data to
countries with higher levels of antibiotic resistance.
In conclusion, the use of direct MALDI-TOF MS on positive

blood cultures resulted in a faster identification of microorganisms
causing bloodstream infection. Routine implementation of this

Table 3. Effect of direct MALDI-TOF MS on identification time and antibiotic switching.

Direct MALDI-TOF MS (n=89) Standard care (n=164) p-value

Median identification time in hours (IQR) 16.4 (10.3–42.9) 45.2 (35.5–55.9) ,0.001

Episodes with ID time ,10 h 23.6% 0.6% ,0.001

10–35 h 44.9% 23.2% 0.001

35–50 h 16.9% 36.6% 0.001

.50 h 14.6% 39.6% ,0.001

Median time until first switch in antibiotic therapy in hours (IQR) 17.5 (9.8–38.8) 24.0 (9.5–47.0) 0.30

Number of switches 0 55.0% 58.8% 0.59

1 41.6% 34.8% 0.28

2 3.4% 6.7% 0.27

1st switch same day BCa positive 40.0% 29.2% 0.20

1st switch 1 day after BCa positive 30.0% 38.5% 0.47

1st switch.1 day after BCa positive 30.0% 32.3% 0.92

ablood culture.
doi:10.1371/journal.pone.0032589.t003

Table 4. Effect of direct MALDI-TOF MS on proportion of appropriate treatment.

Direct MALDI-TOF MS Standard care

% (n) of episodes with appropriate
therapy,24 h after positive BCa

75.3% (67)* 64.0% (105)*

% (n) of episodes with inappropriate
therapy,24 h after positive BCa

4.5% (4)* 14.6% (24)*

% (n) of episodes without antibiotic
therapy,24 h after positive BCa

20.2% (18) (6.7% (6) other interventionsb,
13.5% (12) contaminated BC)

21.4% (35) (4.3% (7) other interventionsb, 11.0%
(18) contaminated BC, 6.1% (10) not applicablec)

ablood culture, bremoval of intravenous catheters, cpalliative care or patient died shortly after blood culture was positive.
*p value 0.01.
doi:10.1371/journal.pone.0032589.t004

Impact of Direct MALDI-TOF on Blood Cultures

PLoS ONE | www.plosone.org 4 March 2012 | Volume 7 | Issue 3 | e32589

-  Gain sur le rapidité de l’identification bactérienne 
-  Pas d’évaluation de la mortalité 
- Durée d’hospitalisation pas étudiée 
-  Pas d’évaluation du devenir des patients 
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younger age. Adaptation of antibiotic treatment was more
likely for patients presenting with urosepsis (P = .06).

DISCUSSION

In this prospective, single-arm observational study including
202 episodes of gram-negative bloodstream infections, we ob-
served that MALDI-TOF identification reporting had an

impact on antibiotic therapy in 35.1% of bacteremia, whereas
Gram stain had an impact in 20.8% of cases. In addition, we
confirmed the excellent reliability of MALDI-TOF for bacterial
identification on blood culture pellets outside of validation
studies, [4–6] in the real-life setting of routine microbiology
practice. As previously reported, the reliability of this new
technology was especially high for Enterobacteriaceae [4–6]. A
maximal impact was observed when AmpC-producing Enter-
obacteriaceae were documented, given their particular pattern
of antibiotic resistance. As already published, [4, 13] we docu-
mented a lower reliability of MALDI-TOF in cases of polymi-
crobial bacteremia, a situation where the Gram stain result is
more informative. Thus, this justifies always performing direct
Gram staining examination of any positive blood cultures
even in the MALDI-TOF era.

Reducing the time to result in clinical microbiology has
been achieved using various approaches and aims (1) to
impact on the clinical outcome of patients, (2) to optimize the
use of antibiotics, and (3) to reduce costs [14–17]. Gram stain
reporting is part of routine management of bloodstream infec-
tions, as it has been shown to have the greatest impact on an-
timicrobial empirical therapy [9]. Improvement in Gram stain
turnaround time has even been associated with a decrease in
patient mortality [18]. Indeed, as early appropriate antibiotic

Figure 2. Sequential impact of Gram stain and matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF) identification on empirical
antibiotic therapy. Cases that benefited from MALDI-TOF are highlighted in dark gray. Abbreviation: MALDI, matrix-assisted laser desorption ionization.

Table 3. Impact of Sequential Gram Stain and MALDI-TOF
Reporting

Impact of the Sequential Reporting N = 202

Gram stain 42 (20.8)
Streamlining 16 (7.9)
Spectrum broadening 16 (7.9)
Introduction of empirical antibiotic therapy 10 (5.0)

MALDI-TOF MS 71 (35.1)
Streamlining 22 (10.9)
Spectrum broadening 31 (15.3)
Introduction of focused empirical antibiotic therapy 18 (8.9)

Data are presented as No. (%) unless otherwise indicated.
Abbreviations: MALDI-TOF, matrix-assisted laser desorption ionization time-
of-flight; MS, mass spectrometry.

MALDI-TOF for Gram-negative Bacteremia • CID 2013:56 (15 April) • 1105
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younger age. Adaptation of antibiotic treatment was more
likely for patients presenting with urosepsis (P = .06).

DISCUSSION

In this prospective, single-arm observational study including
202 episodes of gram-negative bloodstream infections, we ob-
served that MALDI-TOF identification reporting had an

impact on antibiotic therapy in 35.1% of bacteremia, whereas
Gram stain had an impact in 20.8% of cases. In addition, we
confirmed the excellent reliability of MALDI-TOF for bacterial
identification on blood culture pellets outside of validation
studies, [4–6] in the real-life setting of routine microbiology
practice. As previously reported, the reliability of this new
technology was especially high for Enterobacteriaceae [4–6]. A
maximal impact was observed when AmpC-producing Enter-
obacteriaceae were documented, given their particular pattern
of antibiotic resistance. As already published, [4, 13] we docu-
mented a lower reliability of MALDI-TOF in cases of polymi-
crobial bacteremia, a situation where the Gram stain result is
more informative. Thus, this justifies always performing direct
Gram staining examination of any positive blood cultures
even in the MALDI-TOF era.

Reducing the time to result in clinical microbiology has
been achieved using various approaches and aims (1) to
impact on the clinical outcome of patients, (2) to optimize the
use of antibiotics, and (3) to reduce costs [14–17]. Gram stain
reporting is part of routine management of bloodstream infec-
tions, as it has been shown to have the greatest impact on an-
timicrobial empirical therapy [9]. Improvement in Gram stain
turnaround time has even been associated with a decrease in
patient mortality [18]. Indeed, as early appropriate antibiotic

Figure 2. Sequential impact of Gram stain and matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF) identification on empirical
antibiotic therapy. Cases that benefited from MALDI-TOF are highlighted in dark gray. Abbreviation: MALDI, matrix-assisted laser desorption ionization.

Table 3. Impact of Sequential Gram Stain and MALDI-TOF
Reporting

Impact of the Sequential Reporting N = 202

Gram stain 42 (20.8)
Streamlining 16 (7.9)
Spectrum broadening 16 (7.9)
Introduction of empirical antibiotic therapy 10 (5.0)

MALDI-TOF MS 71 (35.1)
Streamlining 22 (10.9)
Spectrum broadening 31 (15.3)
Introduction of focused empirical antibiotic therapy 18 (8.9)

Data are presented as No. (%) unless otherwise indicated.
Abbreviations: MALDI-TOF, matrix-assisted laser desorption ionization time-
of-flight; MS, mass spectrometry.
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JCM 2014 initiated for 6 patients in the current study. The results of both
studies suggest that real-time pharmacist review of blood cultures
combined with rapid diagnostic testing can help facilitate the
timely initiation of antibiotic therapy for patients with CoNS bac-
teremia and reduce unnecessary antibiotic therapy for patients
with CoNS contamination. MALDI-TOF offers an advantage over
PNA-FISH, as rapid detection of many organisms, which can help
facilitate the timely initiation of antibiotic therapy without setting

up additional testing platforms, is possible. MALDI-TOF plus
AST intervention can improve the time to effective antibiotic ther-
apy and is associated with decreased mortality, a decreased length
of hospitalization, and decreased costs when utilized for patients
with true bacteremia or candidemia (6, 7).

This study noted a reduction in mortality for patients with
CoNS bacteremia. However, the sample size for patients with true
infection was small, which limits the ability to perform additional

TABLE 1 Patient demographics

Characteristica

CoNS bacteremia group CoNS contamination group

Preintervention
group (n ! 46)

AST intervention
group (n ! 32) P value

Preintervention
group (n ! 129)

AST intervention
group (n ! 117) P value

Demographics
No. (%) females 18 (39.1) 13 (40.6) "0.99 65 (50.4) 56 (47.9) 0.704
Mean age # SD (yr) 55.6 # 15.1 60.4 # 10.8 0.128 56 # 15.6 59.1 # 15.6 0.112

No. (%) of patients with the following
comorbidity:

Malignancy 20 (43.5) 19 (59.4) 0.25 46 (35.7) 47 (40.2) 0.551
Solid organ transplantation 2 (4.3) 3 (9.4) 0.396 12 (9.3) 11 (9.4) "0.99
Bone marrow transplantation 8 (17.4) 8 (25.0) 0.57 11 (8.5) 15 (12.8) 0.304
HIV infection 0 (0.0) 0 (0.0) "0.99 0 (0.0) 1 (0.9) 0.478
Chronic lung disease 9 (19.6) 3 (9.4) 0.34 26 (20.2) 20 (17.1) 0.624
Chronic heart disease 19 (41.3) 14 (43.8) "0.99 35 (27.1) 32 (27.4) "0.99
Chronic kidney disease 13 (28.3) 10 (31.3) 0.805 32 (27.4) 22 (25.9) 0.283
Chronic liver disease 1 (2.2) 2 (6.3) 0.568 9 (7.0) 15 (12.8) 0.137

No. (%) of patients with the following
immunosuppression:

Antirejection medications 8 (17.4) 10 (31.3) 0.18 23 (17.8) 23 (19.7) 0.745
Chronic corticosteroids 3 (6.5) 6 (18.8) 0.15 17 (13.2) 17 (14.5) 0.854
Chemotherapy within 90 days 4 (8.7) 7 (21.9) 0.184 12 (9.3) 15 (12.8) 0.419
ANC, $500/mm3 1 (2.2) 1 (3.1) "0.99 1 (0.8) 4 (3.4) 0.194
CD4 count, $200/mm3 0 (0.0) 0 (0.0) "0.99 0 (0.0) 1 (0.9) 0.478

No. (%) of patients with the following
site of acquisition:

Community acquired 10 (21.7) 7 (21.9) "0.99 34 (26.4) 39 (33.3) 0.264
Health care associated 22 (47.9) 16 (50.0) "0.99 63 (48.8) 44 (37.6) 0.094
Hospital acquired 14 (30.4) 9 (28.1) "0.99 32 (24.8) 34 (29.1) 0.474

Clinical status
ICU admission 13 (28.3) 5 (15.6) 0.42 36 (27.9) 27 (23.1) 0.465
Hemodynamic instability requiring

vasopressor therapy
4 (8.7) 4 (12.5) 0.71 8 (6.2) 14 (12.0) 0.124

a Abbreviations: human immunodeficiency virus; ANC, absolute neutrophil count.

TABLE 2 Outcomes for patients with CoNS bacteremia

Characteristic
Preintervention
group (n ! 46)

AST intervention
group (n ! 32) P value

Time to organism identificationa (h) 83.4 # 29.5 57.0 # 32.3 $0.001
Time to effective therapya (h) 37.7 # 40.1 23.0 # 10.7 0.064
Time to optimal therapya (h) 58.7 # 56.4 34.4 # 29.9 0.030
No. (%) of patients with 30-day all-cause mortality 10 (21.7) 1 (3.1) 0.023
Length of hospitalizationa,b (days) 14 # 22 15 # 14 0.954
Length of ICU staya,b (days) 28 # 33 11 # 11 0.188
No. (%) of patients with recurrent bacteremia 6 (13.0) 0 (0.0) 0.076
No. (%) of patients with 30-day readmission with CoNS bacteremia 2 (4.3) 0 (0.0) 0.51
a Data are means # standard deviations.
b Lengths of hospitalization and ICU stay were defined as the time from blood culture positivity to the time of discharge.

Nagel et al.
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43% of intervention study groups), followed by Klebsiella
spp (in 23.3% and 19.7%, respectively). Nosocomial
infections accounted for 20.5% of BSIs in the preinterven-
tion group and 14% in the intervention group.

Outcomes

The average time from the blood culture TTP to final
species identification and antimicrobial susceptibility results
was 47.1 6 13.7 hours for the preintervention study group
versus 24.4 6 11.4 hours for the intervention study group (P
, .001). The mean TTP was 15.6 6 12 hours (range, 4–109
hours) for both groups and was not significantly different.
The mean time to gram-negative organism identification
was significantly longer in the preintervention group versus
the intervention arm (36.6 6 15.3 versus 11.1 6 10.2 hours,
respectively; P , .001; Figure 2).
During the intervention study period, a total of 246

interventions were recommended to the prescribing physi-
cian by the infectious diseases pharmacist, of which 225

were accepted. Overall, efforts to adjust and optimize
antimicrobial management occurred, on average, at 75
hours from TTP in 80% of eligible patients during the
preintervention period compared with 29 hours, on average,
in 94% of eligible patients in the intervention study group
(79 of 99 and 86 of 92 patients, respectively; P¼ .004; Figure
2).
At TTP, similar proportions of patients on inactive therapy

were identified in the 2 groups (22 of 112 preintervention
patients and 16 of 107 intervention patients; Figure 2). At 24
hours from BSI onset, 22 patients (19.6%) in the preinter-
vention period were on inactive therapy compared with 5
patients (4.7%) in the intervention group. The average time
to initiation of an active agent was 73.2 hours in the
preintervention group (n¼ 22) compared with 36.5 hours in
the intervention group (n ¼ 5; P , .001). At 48 hours,
inactive therapy was only identified in 15 of 112 patients
from the preintervention study period (P , .001).

Figure 2. Timeline comparison of preintervention and intervention study periods depicting the differences in laboratory procedure and their
respective impact on adjusted therapy. Adjusted therapy included, when clinically indicated, de-escalation/escalation of antibiotic therapy, dosing/
route modifications, and/or discontinuation of unnecessary gram-positive coverage. White boxes denote the average times (hours) until the
corresponding information was obtained or action implemented in the preintervention (PI) and intervention (Int) groups. The bottom horizontal line
represents the global study/patient timeline (hours) and includes point measurements (below) for patients on inactive therapy at 0, 24, and 48 hours
in both groups. Abbreviations: EMR, electronic medical record; MALDI-TOF MS, matrix-assisted laser desorption and ionization time-of-flight mass
spectrometry.

Table 2. Length of Stay and Cost Outcomes in Survivorsa

Outcome Preintervention Cohort (n ¼ 100) Intervention Cohort (n ¼ 101) P

Hospital length of stay 11.9 6 9.3 9.3 6 7.6 .01
Hospital length of stay after BSI onset 9.9 6 7.1 8.1 6 6.4 .01
ICU length of stay 7.3 6 8.5 6.3 6 8.7 .05
ICU length of stay after BSI onset 6.1 6 6 4.9 6 6.7 .09
Total hospital costs $45 709 6 $61 806 $26 162 6 $28 996 .009
MS DRG weight 2.7 6 2.4 61.9 54

Abbreviations: BSI, bloodstream infection; ICU, intensive care unit; MS DRG, Medicare Diagnosis-Related Group.
a Values for length of stay outcomes are given as days, mean 6 SD. Costs are reported as cost per hospitalization, mean 6 SD.
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The mean hospital LOS for survivors (n ¼ 100) in the
preintervention group was 11.9 days, and this was
significantly decreased to 9.3 days for the intervention
group (n¼ 101; P¼ .01; Table 2). The Kaplan-Meier analysis
(Figure 3) showed a significantly decreased probability of
remaining hospitalized after BSI onset as a function of the
study intervention (P ¼ .02). Multivariate Cox proportional
hazards regression analysis revealed that our study inter-
vention remained independently associated with a de-
creased length of hospitalization in patients with gram-
negative BSIs. Patients in the intervention study group had a
38% greater rate of discharge compared with the preinter-
vention group (hazard ratio for intervention group, 1.38;
95% confidence interval, 1.01–1.88). Additionally, receipt of
active antimicrobial therapy at 48 hours was independently
associated with decreased LOS (hazard ratio, 2.9; 95%
confidence interval, 1.15–7.33). Preexisting pulmonary
disease, preinfection LOS, and APACHE II score were
independent predictors of prolonged hospitalization (Table
3). All-cause 30-day mortality rates were lower in the
intervention period compared with the preintervention
period (5.6% versus 10.7%, respectively; P ¼ .19).
Mean hospital costs per survivor were $19 547 less in the

intervention study period compared with the preinterven-

tion period ($26 162 versus $45 709, respectively; P ¼ .009;
Table 2). Diagnosis-related group coding weight means
were similar in both groups (2.3 for the intervention period
and 2.7 for the preintervention period), and the most
frequently identified diagnosis-related group codes were for
septicemia or severe sepsis (33 of 101 and 34 of 100,
respectively; P ¼ 54).

COMMENT

The goal of integrating rapid diagnostic microbiology
laboratory techniques (ie, pathogen identification and
susceptibility testing) with antimicrobial stewardship prac-
tices was to improve outcomes among hospitalized patients
with gram-negative BSIs. During the intervention period,
the average turnaround time for final culture identification
and antimicrobial susceptibility results was a full day quicker
compared with the preintervention study group (24.4 versus
47.1 hours, respectively; P, .001; Figure 2). Earlier initiation
of active, targeted antimicrobial therapy, informed by more
rapid identification and susceptibility testing results, dem-
onstrated improved patient care outcomes (decreased LOS,
decreased mortality) and reduced health care expenditures.
The substantial benefit realized by our study intervention

protocol demonstrates the paramount relationship between
prompt, appropriate initiation of antibiotic therapy and
improved patient care, and it further highlights the key
advantage of fast and reliable information flow. Our findings
demonstrated a significant decrease in hospital LOS for
patients in the intervention group compared with the
previous institutional standard of care (9 versus 12 days,
respectively, P ¼ .01). This striking outcome was indepen-
dent of multiple confounders, including comorbidities and
severity of illness (Table 2). Additionally, active therapy at 48
hours from BSI onset was also an independent predictor of
decreased LOS (Table 3); importantly, active therapy was
initiated in all intervention patients at 48 hours, eliminating
this risk factor (P , .001). Our results identified a decreased
rate in 30-day mortality that clearly favored the intervention
study group compared with the preintervention study group
(6 of 107 versus 12 of 112 patients, respectively; P ¼ .19).
Larger sample sizes are required to determine whether these
differences reach statistical significance.
Use of MALDI-TOF MS technology for routine bacterial

identification in clinical practice is at its infancy; hence, few
studies have the ability to measure and evaluate the
potential impact of this rapid intervention. In contrast, our
findings in the preintervention period are consistent with
the negative outcomes associated with inactive antimicro-
bial therapy reported in previous studies.1–3,19–23 Increased

Figure 3. Impact of combining matrix-assisted laser desorption and
ionization time-of-flight mass spectrometry with antimicrobial steward-
ship on hospital length of stay after bloodstream infection onset.
Kaplan-Meier curves compare time to hospital discharge between
preintervention and intervention study periods for hospital survivors (P
¼ .02, log-rank test).

Table 3. Independent Factors Associated with Length of Staya

Factor

Univariate Multivariateb

HR 95% CI P HR 95% CI P

Active antibiotic therapy at 48 h 2.24 1.23–4.08 .009 2.90 1.15–7.33 .02
MALDI-TOF MS antimicrobial stewardship intervention 1.40 1.06–1.85 .02 1.38 1.01–1.88 .04
APACHE II 0.96 0.93–0.99 .003 0.97 0.93–0.999 .05
Preinfection LOS 0.87 0.83–0.91 ,.001 0.86 0.83–0.91 ,.001
Preexisting lung disease 0.62 0.40–0.94 .02 0.54 0.35–0.84 .006

Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; CI, confidence interval; HR, hazard ratio; LOS, length of stay;
MALDI-TOF MS, matrix-assisted laser desorption and ionization time-of-flight mass spectrometry.
a Independent factors based on univariate and multivariate Cox proportional hazards regression models using data for patients surviving to discharge
(n¼ 201).

b Multivariate model additionally included sex, age, in vitro antibiotic activity at 24 hours, and underlying conditions, including
immunosuppression, cerebrovascular disease, cardiovascular disease, diabetes, chronic kidney disease, and liver disease (results not shown).
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Bactériémie à Gram négatif 

MALDI-TOF  





•  Principe : 

•  Détection rapide (< 2 heures) de la résistance aux β-
lactamines 
o  BLSE	  :	  βLacta®	  test	  (Biorad),	  ESBL	  NDP	  test	  
o  Carbapénémases	  :	  Rapidec®	  Carba	  NP	  test	  (Biomerieux)	  

⇒ Adapta2on	  de	  l’an2biothérapie	  +++	  

β-‐lactamase 

+ 
Rouge de 
phenol 

H+ 

pH 



Test Cible Sensibilité Spécificité Référence 

βLacta	  test	  
(Biorad) 

R aux C3G (BLSE+
++, HCASE, 
Carbapénémases) 

87,7% 99,6% Renvoisé et al, 
JCM 2014 

ESBL NDP test BLSE 92,6% 100% Nordmann et al, 
JCM 2012 

Rapidec Carba 
NP test 
(Biomérieux) 

Carbépénémases 96% 96% Poirel et al, 
JCM 2015 



Dortet et al, Clin Micr Infection 2014 

Détection des 
carbapénèmases 



•  200 ECBU avec BGN à l’examen direct 
(culture =>104 à 105 UFC/mL) 
o  Sensibilité : 94% 
o  Spécificité : 100% 
Comparé à culture + antibiogramme 

•  Résultats en <30 min Gallah et al, JCM 2014 



Dortet et al, Clin Micr Infection 2014 



•  Identification par spectrométrie de masse après 3 heures 
d’incubation d’une hémoculture positive 

•  108 hémocultures positives à entérobactéries étudiées  
•  Détection de la résistance aux C3G: sensibilité de 84.8%, 

spécificité de 100%, une valeur prédictive positive de 100%  et 
négative de 94.% 

•  Pour détecter les BLSE: sensibilité de 100% et une spécificité de 
96.3%, valeur prédictive positive de 90.3% et négative de 100% 

•  Impact sur la prise en charge des patients ? 
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Antimicrobial Stewardship Combined With Maldi-tof and β-Lacta 
Test  Performed on Gram-Negative Bacilli Blood Culture is 

Effective for Sparing the use of Carbapenems  

A.  Aubry, A. Fournier, H. Pereira, S. Katsahian, H. Bensekhri, J-L. Mainardi,  
 M-P. Fernandez-Gerlinger1. ICAAC 2015 

● Prospective observational study (168 days- 24 weeks):  
- All patients with GNB positive blood cultures 
- Analyzed was performed from Monday to Friday morning (120 days). 

● MT and BLT were performed simultaneously on 3h incubated solid medium 
subcultures (Compain et al., J Med Microbiol. 2015) 

● Three strategies were compared:  
(A)  empiric antibiotic therapy initiated by the physician in charge of the patient 

knowing GNB bacteremia without MT and BLT results : preintervention 
group 

(B)  empiric antibiotic therapy recommended by AMS without MT and BLT 
results 

(C)  AMS advice with MT and BLT results. 



N= 340 Bacteremia due to GNB during  the 
study period (168 days) 

N= 131 Bacteremia due to GNB during  the 
analyzed period (120 days) 

N= 209 Bacteremia due to GNB during  the 
study period excluded (week-end and 

positive in the afternoon) 

N= 128 Bacteremia due to GNB during  the 
analyzed period (120 days) included 

N= 3 Bacteremia due to GNB during  the 
analyzed period (120 days) excluded 

(anaerobic bacteria and Stenotrophomonas 
spp) 







ESBL carriage and bacteremia 

 p = 0.001 
OR = 9.65 
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Antimicrobial Stewardship with and without Maldi-tof and β-
Lacta Test: Strat. B compared to Strat. C 

Strat B 
Strat C 

p=0.6  

p=0.03  

p=0.04  



Agreement Strat.B and β-Lacta Test or Maldi-tof MS estimated  through 
Cohen’s kappa 

 not 
agreement 

 agreement 

Conclusion: 
 1) Rapid identification with Maldi-tof MS  and EBLSE β-
Lacta Test associated with antimicrobial stewardship (Strat C) 
seems  to be  more efficient than AMS alone to narrow 
spectrum and avoid inadequate antibiotherapy. 



•  Multiples tests (ICT, PCR, MS, tests chromogéniques, …) 

•  De plus en plus d’informations… => faire le tri 

•  Toujours garder un œil critique: 
o  En général bonne spécificité des tests,sSensibilité des examens ? 
o  Interprétation ? (clearance de l’ADN, antigènuries…) 

⇒ Apport pour l’antibiothérapie si dialogue clinico-
biologique  et/ou intervention des équipes mobiles 
d’infectiologie+++ 

⇒ Nécéssite d’avoir des évaluations clinico/économiques 


