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Rapid identification (ID) and antimicrobial susceptibility testing (AST) of the causative agent(s) of bloodstream infections are essential to allow clinicians to select the appropriate antimicrobial therapy and to minimize the emergence of antimicrobial resistance (Ibrahim et al., 2000). Shortening the turnaround time needed to obtain results of ID and AST of pathogens may result in a better outcome for the patient and a reduction of health care costs (Kerremans et al., 2008).
With the method currently used with automated systems, further referred to as current method, an aliquot of blood cultures positive at the Bactec FX has to be subcultured onto agar plates before ID and AST can be performed. Several methods have been proposed to reduce the time required for identification of microorganisms in blood cultures, i.e. fluorescent in situ hybridization (FISH) (Parcell and Orange, 2013), PCR-based methods (Lupetti et al., 2014), MALDI-TOF MS analysis (Clerc et al., 2013), and direct inoculation of bacteria from positive blood cultures into automated systems (i.e., Vitek 2, Phoenix) for ID and AST (Waites et al., 1998; Bruins et al., 2004; Lupetti et al., 2010a;  Lupetti et al., 2013). Although the Phoenix system is widely used in diagnostic microbiology laboratories for ID and AST of bacterial isolates, only a few studies reported the use of a direct inoculation method with the Phoenix system (Funke & Funke-Kissling, 2004; Lupetti et al., 2010b; Beuving et al., 2011; Wimmer et al., 2012; Hazelton et al., 2014).
Rapid identification has a clinically relevant impact on the timely selection of an effective antimicrobial therapy (Vlek et al., 2012). However, such an impact varies significantly between low- and high-prevalence areas for antibiotic resistance (Clerc et al., 2013). In this context, we believe that a rapid method for AST should always be performed, especially in high-prevalence areas for antibiotic resistance. To this purpose, a method has been previously established in our laboratory based on direct inoculation of bacteria from processed blood culture fluid into Phoenix AST panels (Lupetti et al., 2010b). Earlier experiments involving a small number of blood samples indicated that the addition of saponin to an aliquot of the positive blood culture fluid led to favorable results for ID and AST of Gram-positive cocci by the Phoenix system. The present study aimed at evaluating the accuracy of AST results by direct inoculation of an aliquot of blood culture fluid exposed to saponin into the Phoenix system using a higher number of blood cultures monomicrobial for Gram-positive or Gram-negative bacteria. The AST results by the direct method were compared with those by the current method.
Blood specimens from patients admitted to the Azienda Ospedaliero-Universitaria Pisana (Pisa, Italy) were inoculated into a blood culture bottle (either Plus Aerobic/F, Plus Anaerobic/F, or Peds Plus F, Becton Dickinson & Co, Milan, Italy), that were collected at the Unità Operativa di Microbiologia Universitaria (Azienda Ospedaliero-Universitaria Pisana). These were then transferred to the Bactec FX instrument for monitoring the bacterial growth by using the standard growth detection algorithms provided by the system. From each patient only the first positive blood culture containing Gram-positive or Gram-negative microorganisms that appeared monomicrobial in the Gram stain was included in this study. Blood cultures from 209 patients were investigated, of which 124 containing Gram-positive and 85 Gram-negative bacteria. After subculturing on blood agar plates (BD), 19 (15%) of the 124 and 4 (5%) of the 85 were found to be polymicrobic and therefore excluded from this study.
For identification and AST of bacteria by the current method, a small sample of blood cultures flagging positive at the Bactec FX instrument was transferred onto blood agar plates, which were incubated overnight at 37°C. Routine identification and AST of isolated colonies were performed respectively by MALDI-TOF (Bruker Daltonics, Bremen, Germany) and the Vitek 2 system (Vitek 2 software, version 05.04; Advanced Expert System software, version 1.9.0; bioMérieux, Marcy l’Étoile, France) according to manufacturer’s instructions. 
The direct method for AST was performed as previously described (Lupetti et al., 2010b). In brief, a seven-ml sample of the positive blood culture bottle from Bactec FX was incubated with saponin (Sigma-Aldrich Co.; St. Louis, MO) at 0.01% final concentration for 15 min at room temperature before transfer to Serum Separator Tubes (BD Vacutainer systems). Next, bacteria were sedimented on the surface of the silicon layer of the vacutainer tube as previously described, and adjusted to the turbidity equivalent of 0.5 McFarland. A total of 25 l of this suspension was transferred to Phoenix AST broth (BD) supplemented with one drop of Phoenix AST Indicator solution (BD) for staphylococci, enterococci, and Gram-negative bacteria or with Phoenix AST-S Indicator solution for streptococci (BD). Next, these suspensions were inoculated into the appropriate BD Phoenix panels. Once completely filled, the panels were logged and loaded into the Phoenix system. We used a BD Expert system, which analyses the antimicrobial susceptibility profiles for unusual results and potentially erroneous results are flagged for verification.
Susceptibility data obtained by the direct method were evaluated using the data from the current method as comparator. The minimum inhibitory concentrations (MIC) obtained by the direct method and the current method were translated into clinical categories (susceptible, intermediate or resistant) according to the interpretive criteria of the automated systems. Results were recorded as follows: agreement, very major errors (false susceptible), major errors (false resistant), and minor errors (susceptible/resistant versus intermediate susceptibility). Discrepancies between the AST results by the direct and the current method were resolved by the E-test (AB BioMerieux), which was performed according to manufacturer’s instructions. CLSI-defined breakpoints were used to interpret the results (CLSI, 2007).
For Gram-positive cocci, the AST by the direct method failed for five Staphylococcus epidermidis, two Staphylococcus hominis, one Enterococcus faecalis and one Enterococcus faecium strains due to technical reasons, such as the presence of air bubbles, impurities or clottings in the wells. Therefore, the results of the AST values were available for 96 Gram-positive cocci of which 44 were S. epidermidis, 14 Staphylococcus aureus, 10 Staphylococcus capitis, 9 Staphylococcus haemolyticus, 8 S. hominis, 5 E. faecium, 2 Staphylococcus warneri, 2 E. faecalis, 1 Streptococcus oralis group mitis, and 1 Micrococcus luteus/lylae. The AST was assessed for a total of 953 isolate-antimicrobial agent combinations. The AST results for the 96 isolates by the direct method and the total percent error as well as the percent error for each antimicrobial agent are shown in Table 1A. The overall error rate was 2.3%, including 0.5% very major errors, 0.4% major errors, and 1.4% minor errors. The very major errors were seen for levofloxacin in two cases, and penicillin G, teicoplanin, and erythromycin in one case each, the major errors for trimethoprim/sulfamethoxazole in two cases, and clindamycin and erythromycin in one case each, and the minor errors mainly involved fluoroquinolones, erythromycin, teicoplanin, gentamicin, and linezolid. The categorical agreement for each antimicrobial agent was greater than 95% except for levofloxacin (94%). Among the antimicrobial agents analysed, oxacillin, and the glycopeptide vancomycin showed complete categorical agreement for all isolates. Furthermore, complete agreement of clinical categories was found for 56 (58%) isolates. Using the E-test as comparator, the AST resulted to be correct by the direct but not by the current method for 20 (21%) Gram-positive isolate-antimicrobial agent combinations. Together, 76 (79%) isolates showed concordant/correct AST for all antimicrobial agents by the direct method. 
[bookmark: _GoBack]Regarding Gram-negative bacteria, no AST profiles were available for Acinetobacter ursingii, and Pseudomonas plecoglossicida from the Phoenix system. The AST failed for one Acinetobacter baumannii isolate. Therefore, the results of the AST values were available for 78 out of 81 Gram-negative bacteria. Among these, there were 20 Klebsiella pneumoniae, 17 Escherichia coli, 14 Pseudomonas aeruginosa, 14 A. baumannii, 4 Serratia marcescens, 2 Citrobacter freundii, 2 Stenotrophomonas maltophilia, 1 Klebsiella oxytoca, 1 Enterobacter cloacae, 1 Enterobacter asburiae, 1 Morganella morganii, and 1 Pseudomonas stutzeri. The AST was assessed for a total of 1017 isolate-antimicrobial agent combinations. The AST results by the direct method and the total percent error as well as the percent error for each antimicrobial agent are shown in Table 1B. The overall error rate was 4%, including 0.1% very major errors, 1.5% major errors, and 2.4% minor errors. The very major error was seen for gentamicin, the major errors for -lactams (mainly cephalosporins), ciprofloxacin, levofloxacin and gentamicin, and the minor errors for -lactams (mainly cephalosporins), gentamicin, amikacin and colistin. The categorical agreement for each antimicrobial agent was greater than 95% except for amoxicillin-clavulanic acid, cefepime and cefotaxime. Furthermore, complete agreement of clinical categories was found for 32 (41%) isolates. Using the E-test as comparator, the AST was correct by the direct but not by the current method for 24 (30%) isolate-antimicrobial agent combinations. Together, 56 (71%) Gram-negative isolates showed concordant/correct AST for all antimicrobial agents by the direct method. 
The main conclusion from the present study is that the time for AST of microorganisms causing bloodstream infections can be significantly reduced by direct inoculation of bacteria from positive blood cultures using the Phoenix system. The results obtained by the direct method showed to be reliable, accurate and available at least one day earlier than the current method. The direct inoculation method with the Phoenix system showed categorical agreement for all the tested antimicrobials, with the only exception of cefepime, well over 90%, with relatively low percentages of major and very major errors, thus meeting the standards proposed by Jorgensen (1993).
Of note, the purity of the inoculum should be confirmed by culture before the results can be reported to the clinician. Indeed, in the present study 15% of the specimens appearing monomicrobial for Gram-positive and 5% for Gram-negative yielded more than one isolate. For this reason, the AST results by the direct method should be considered preliminary until the inoculum has been confirmed to be monomicrobial by subculture. However, this does not delay the report of the results as the purity can be assessed on subcultures inoculated the previous day.
In conclusion, we believe that rapid AST by the Phoenix system is an important adjunctive to current methods. The results by the direct method are available one day earlier than those by the current method. Therefore, an important advancement in patient care is expected by reducing the inappropriate use of antibiotics (Kerremans et al., 2008), the drug-induced emergence of antimicrobial resistance (Lepelletier et al., 2006), health care costs, as well as patients’ morbidity and mortality (Ibrahim et al., 2000).
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