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Increasing incidence of resistant bacteria needs faster identification (ID) and antibiotic susceptibility testing
(AST) in order to improve antimicrobial treatment of severe infections. We propose a preliminary reading of
the AST MicroScan® panels coupled with mass spectrometry ID. A total of 157 bacterial clinical isolates were
processed for routine ID and AST (in 22 cases, ID and AST were performed directly from positive blood culture

bottles). For gram-negatives, data from the initial and final readings were recorded and compared [89.9% cate-

gory agreement (CA), 6.9% very major errors (VME)]. In adition all the 32 ESBL producers were detected at

5.3-8.6 hours. For Staphylococcus aureus, all the 16 MRSA isolates were detected at 4.5 to 7.5 hours. Thus, we
find our preliminary readings approach as a simple, inexpensive and reliable way to detect and identify the
most prevalent resistant bacteria in our institution on the same day that ID/AST is performed.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Early antimicrobial treatment has proven to have beneficial effects
on the clinical evolution of the infected patient and this is even more
so in the case of severe infections (Kumar et al., 2006). Thus, there is a
consensus that speeding up bacterial identification and antibiogram
availability decreases morbidity and mortality, improves antibiotic
treatment and reduces the cost of patient care (Barenfanger et al.,
1999; Doern et al., 1994; Kerremans et al., 2008; Perez et al., 2014),
and this is particularly important in ICU patients (Russotto et al.,
2015). Multidrug resistance among bacterial pathogens is an increasing
global problem and the wise use of antimicrobial agents is required to
prevent emerging resistance (Giammanco et al., 2017; Mammina
et al., 2012). Accordingly, hospital antibiograms are commonly used to
monitor local trends in antimicrobial resistance and to prepare antibi-
otic policies to target empiric therapy aimed at initiating prompt, appro-
priate antimicrobial treatment (Rodriguez-Bafio et al., 2012; Rodriguez-
Maresca et al., 2014; Wilson et al., 2010).

Moreover, early detection of resistant bacteria quickens the imple-
mentation of infection control measures and thus helps prevent further
spreading of these bacteria. Unfortunately, traditional microbiological
diagnosis, that is, isolation, identification (ID) and antimicrobial
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susceptibility testing (AST) of a microorganism entails a delay of
48-72 h until a directed antimicrobial treatment can be started. Cur-
rently, AST is performed by manual phenotypic methods based on
agar diffusion (using either disks or strips containing an antibiotic gradi-
ent - Etest-) or by growth-dependent automated systems, based on
broth microdilution testing such as the Becton Dickinson Phoenix, the
Beckman Coulter MicroScan WalkAway, or the BioMérieux Vitek 2. In
order to shorten this process, different methods to identify microorgan-
isms and perform rapid AST from positive blood cultures have been de-
veloped (Opota et al., 2015). Many of these methods are based on new
technologies (March-Rosell6 and Bratos, 2016; Van Belkum and Dunne,
2013) and one is now commercially available (Marschal et al., 2017).
Alternatively, molecular techniques have been used directly in clin-
ical samples, enabling the infectious agent to be identified and at the
same time detecting genes encoding for resistance mechanisms of clin-
ical importance (Ginn et al., 2017; Tziolos and Giamarellos-Bourboulis,
2016). Sometimes, these tests are just focused on the detection of spe-
cific resistance to an antibiotic group that is to be used as a broad-
spectrum empiric treatment (Cortegiani et al., 2016). However, the vol-
ume of sample needed, the restricted number of resistance genes deter-
mined and the high cost incurred are serious drawbacks to this
approach replacing conventional methods. Obviously, not only raw
data of susceptibility to antibiotics are needed; in addition, the microbial
pathogen must be identified to enable the correct interpretative reading
of the antibiogram. This factor, in itself, provides important diagnostic,
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prognostic and epidemiologic information. Since most clinical microbi-
ology laboratories include mass spectrometry as a routine bacterial
identification method, we have used it in conjunction with a prelimi-
nary reading of MicroScan® panels to obtain crucial resistance results
on the same day that a microorganism is isolated or when growth is de-
tected in a blood culture. Although previous studies have combined
MALDI-TOF identification with the application of rapid antibiograms
(Hrabak et al., 2013; Maelegheer and Nulens, 2017), the scheme we
propose only needs the identification step, because the susceptibility
data are derived from an initial reading of the routine AST panels.
Thus, no additional procedures are required, which is an important con-
sideration in a setting of limited human resources, as is our case. To en-
hance the value of the results presented, our analysis is focused on
pivotal bacterial resistance traits which pose a challenge for empiric an-
timicrobial treatment at our hospital: namely, extended spectrum (3-
lactamases (ESBL) in Escherichia coli and Klebsiella pneumoniae and
methicillin resistance in Staphylococcus aureus. The provision of same-
day information about these two mechanisms of bacterial resistance
will make antimicrobial treatment less iatrogenic, more rapid, appropri-
ate and with less impact on the normal flora.

2. Material and methods
2.1. Bacterial isolates

During the study period (January-March 2017) a total of 135 bacte-
rial clinical isolates were processed for routine ID and AST in our labora-
tory. In a further 22 cases, routine ID and AST were performed directly
from positive blood culture bottles (BACTEC™, Becton Dickinson)
using routine Gram stain as a guide to select appropriate ID and AST
panels (Ginn et al., 2017). Since 5-10% of blood cultures are
polymicrobial (Opota et al., 2015), careful microscopic examination is
required to avoid unnecessary ID/AST processing. In our series there
were no polymicrobial bacteraemias as the Gram stain correctly pre-
dicted. In this analysis, we focused on species of Enterobacteriaceae,
Staphylococcus and Enterococcus, which represent about 80% of the bac-
teria recovered in blood cultures (Wilson et al., 2010). To ensure data re-
liability, some bacterial species with traits of resistance such as
Enterobacteriaceae-producing ESBL and methicillin-resistant Staphylo-
coccus aureus (MRSA) were overrepresented in this sample.

2.2. Routine bacterial identification (ID) and antibiotic susceptibility
testing (AST)

The MicroScan WalkAway plus System (Beckman Coulter) was
used for routine ID and AST. Interpretation of AST was performed
taking into account the breakpoints provided by the Clinical and Lab-
oratory Standards Institute (CLSI), 2016 edition. Combo panels (ID/
AST) or only AST panels for Gram-negative and Gram-positive bacte-
ria were used in accordance with the manufacturer's instructions.
Briefly, during the morning shift, panels were inoculated with the
bacterial isolates selected for ID and AST and then placed in the
WalkAway system. For positive blood culture bottles, panels were di-
rectly inoculated with 50 pl of broth (Gonzalez et al., 2009). After
18 h of incubation, ID/AST results were validated by a microbiologist
and transmitted to the laboratory information system. A manual
MicroScan autoSCAN-4 System was used for back-up and to obtain
preliminary readings. In all cases, and according to the EUCAST
guidelines, ESBL production were confirmed by double-disk synergy
test (The European committee on antimicrobial susceptibility test-
ing, 2017), AmpC production by synergy with cloxacillin (The
European committee on antimicrobial susceptibility testing, 2017)
and methicillin-resistance by disk diffusion with cefoxitin (The
European committee on antimicrobial susceptibility testing, 2017).

2.3. Identification by mass spectrometry

Prior to the initial readings, bacterial isolates were identified by
matrix-assisted laser desorption/ionization time of flight (MALDI-TOF,
Microflex III MS, Bruker Daltonics GmbH, Leipzig, Germany). Panels in-
oculated directly from positive blood culture bottles were identified
from the incipient growth on the blood agar plates.

24. Preliminary readings

During the afternoon shift, routine panels for the same bacterial species
were extracted from the WalkAway system and read manually with the
MicroScan autoSCAN-4, using the identification provided by MALDI-TOF.
Because the Id/AST panels were processed all along the morning shift, pre-
liminary readings were set out at 7:00 p.m. to make sure that most of them
showed enough growth to be read and allow sufficient time for reporting
critical results before the end of the afternoon shift. They were then
returned to the WalkAway system to continue the ID/AST process. Panel
loading and reading times were recorded. The next day, initial and final
readings were compiled in a database for comparison and analysis (Fig. 1).

2.5. Data analysis

Categorical agreement (CA), minor errors (ME) and very major er-
rors (VME) were calculated for ampicillin, amoxicillin-clavulanate,
piperacillin-tazobactam, cefuroxime, cefotaxime, ceftazidime, cefepime,
ciprofloxacin, levofloxacin, gentamicin, tobramycin and amikacin for
Gram-negative bacteria, and for oxacillin and cefoxitin for Gram-
positive bacteria.

Due to the nature of this study, errors that imply a change towards
an increase in susceptibility from the preliminary to the final readings
(R->S,R->Tor I->S) were unlikely and, in fact, were nor detected in
our study. So, we did not find any degree of false resistance.

3. Results
3.1. Gram-negative bacteria

A total of 97 isolates were tested using MicroScan panels. Prelimi-
nary readings were obtained for all except six, in which no growth
was detected by the MicroScan autoSCAN-4. As mentioned above, mi-
crobial identification was provided by MALDI-TOF. The time elapsed
from inoculation of the panels until the initial reading was also noted.
The final reading was taken at 18 h in all cases. The following isolates
provided initial readings: Escherichia coli (45), Klebsiella pneumoniae
(28) and the Enterobacteriaceae Citrobacter diversus (Kumar et al.,
2006), Enterobacter aerogenes (Kumar et al., 2006), Enterobacter cloacae
(Giammanco et al., 2017), Morganella morganii (Kumar et al., 2006) and
Proteus mirabilis (Mammina et al., 2012).

In this analysis, we focused on antibiotics considered to be useful
both for bloodstream infection treatment and for detecting resistance
phenotypes. Data for these antibiotics are shown in Table 1, except for
cefotaxime and ceftazidime, which were used with their clavulanate
combinations to detect the presence of extended spectrum -
lactamases. Analysis of carbapenems was omitted because none of the
isolates tested showed resistance to these agents.

Of the 32 isolates categorized as ESBL producers, 15 were Escherichia
coli and 17 were Klebsiella pneumoniae. Among the Escherichia coli and
according to the final readings, 11 isolates showed synergy between
clavulanic acid and both cefotaxime and ceftazidime, while four showed
synergy only with cefotaxime. The preliminary readings correctly cate-
gorized the four isolates with synergy only with cefotaxime, and nine of
the eleven that presented synergy with both cefotaxime and ceftazi-
dime. The remaining two isolates were categorized as having synergy
only with ceftazidime. Overall, the preliminary readings categorized
all of them as ESBL producers. In the case of Klebsiella pneumoniae and
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Fig. 1. Workflow chart.

according to the final readings, all 17 isolates showed synergy between
clavulanic acid and both cefotaxime and ceftazidime, while the prelim-
inary readings detected synergy between clavulanic acid and both cefo-
taxime and ceftazidime in 15 isolates and synergy only with cefotaxime
in the remaining two isolates. Thus, once again all the Klebsiella
pneumoniae ESBL producers were correctly categorized by the prelimi-
nary readings (Table 2). Three Escherichia coli isolates were resistant
to third-generation cephalosporins by AmpC cephalosporinase produc-
tion. For those isolates, the preliminary readings for cefotaxime and
ceftazidime were 2, 2 and 16 yg/mL and 8, 4 and >8 pg/mL respectively.

3.2. Gram-positive bacteria

A total of 60 isolates were tested in the same way as the Gram-
negative ones (in three of them no growth was detected by the

MicroScan autoSCAN-4). These isolates were S. aureus (29), coagulase-
negative Staphylococci (CoNS) (Maelegheer and Nulens, 2017) and En-
terococcus species (Wilson et al., 2010). Among the S. aureus isolates,
16 were methicillin resistant and 13 were susceptible to methicillin.
Preliminary readings detected resistance to both oxacillin and cefoxitin
in 15 of the 16 methicillin-resistant isolates. Only one isolate showed
discrepant preliminary reading results, being resistant to oxacillin and
susceptible to cefoxitin (Table 3). The species of CoNS tested were
Staphylococcus epidermidis (Rodriguez-Maresca et al., 2014), Staphylo-
coccus hominis (Perez et al., 2014), Staphylococcus haemolyticus
(Barenfanger et al., 1999) and Staphylococcus cohnii (Kumar et al.,
2006). Of these, 16 were categorized as methicillin-resistant. Three
cases were cefoxitin-susceptible in the preliminary readings, although
two of these isolates showed resistance to oxacillin (data not shown).
Finally, nine Enterococcus species were tested, composed of Enterococcus

Table 1
Analysis of antibiotic readings.
Antibiotic (number) Category agreement Minor errors VME %VME
P. reading/F. reading P. reading/F. reading
S/S R/R /1 Total S/ I/R Total (%) (S/R)
Ampicillin (91)* 11 70 - 81 (89.0%) 2 6 8 (8.8%) 2! 2.56 (2/78)
Amoxicillin-clavulanate (91)* 50 17 4 71 (78.0%) 14 5 19 (20.9%) 12 434 (1/23)
Cefuroxime (91)* 45 38 1 84 (92.3%) 2 1 3(3.3%) 43 9.3 (4/43)
Piperacillin/Tazobactam (91)* 78 2 2 82 (90.1%) 5 2 7 (7.7%) 24 33.3(2/6)
Cefotaxime (91)* 48 34 - 82 (90.1%) 2 3 5(5.5%) 45 9.7 (4/41)
Ceftazidime (91)* 56 21 - 77 (84.6%) 5 5 10 (11.0) 45 13.3 (4/30)
Cefepime (74)** 41 17 2 60 (81.1%) 1 12 13 (15.5) 17 3.3 (1/30)
Ciprofloxacin (91)* 38 46 1 85 (93.4%) 3 1 4(44) 28 4.08 (2/49)
Levofloxacin (63)*** 28 30 2 60 (95.2%) 1 2 3 (4.7%) 0 0
Gentamicin (91)* 59 27 0 86 (94.5%) 0 2 2 (2.2%) 3° 9.37 (3/32)
Tobramycin (91)* 56 14 3 73 (80.2%) 4 11 15 (16.5%) 310 10.7 (3/28)

Two K. pneumoniae isolates; 2E. cloacae; >P. mirabilis, K. pneumoniae (ESBL), E. cloacae and E.coli (ESBL); K. pneumoniae (ESBL) and E. coli (ESBL);
E. aerogenes; ® 2 K. pneumoniae (ESBL), E. coli (ESBL) and M. morganii; ’ K. pneumoniae (ESBL);

E. coli (ESBL); P. mirabilis and E. coli.

52 E.coli (ESBL), M. morganii and
8 E. coli (AmpC) and E. cloacae. °E. coli (ESBL), K. pneumoniae (ESBL) and P. mirabilis; '°

*Fifteen directly inoculated from positive blood bottles and 76 from isolated colonies; **Fifteen directly inoculated from positive blood bottles and 59 from isolated colonies; ***Seven di-

rectly inoculated from positive blood bottles and 56 from isolated colonies.
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Table 2
Preliminary readings of extended spectrum p-lactamases.

Escherichia coli Klebsiella pneumoniae

ESBL+ ESBL+
Final Initial ~ Final Initial
reading reading reading reading
(18 h) (18 h)
Ceftazidime and cefotaxime
synergy 11 91" 17 15(2)
Ceftazidime synergy only - 2(1) - -
Cefotaxime synergy only 4 4 - 2
No synergy 27 27(8) 11 11
Total 42 (15 ESBL) 28 (17 ESBL)

* In brackets ID/AST panels directly inoculated from blood bottles.

faecalis (Russotto et al., 2015), all of which were susceptible to ampicil-
lin and vancomycin, together with Enterococcus faecium (Doern et al.,
1994), both of which were resistant to ampicillin and susceptible to
vancomycin and the only discrepancy, an Enterococcus faecium isolate
that was susceptible to ampicillin (MIC = 8 g/ml) in the preliminary
reading (data not shown).

3.3. Preliminary readings

Overall, the mean incubation time for the preliminary readings was
6.80 h (range: 4.45-10.7 h; SD: 1.20). For Gram-negative bacteria, it was
6.84 h (range: 4.93-10.07 h; SD: 1.22) and for Gram-positive bacteria it
was 6.75 h (range: 4.45-10.7 h; SD: 1.19). For the antibiotics included in
this study, a total of 1582 paired readings, preliminary and final, were
recorded. In 1296 cases, the final and preliminary values for the mini-
mum inhibitory concentration (MIC) were coincident (mean reading
time 6.89 h) while in 286 cases, the MIC values were different (mean
reading time 6.69 h, P < 0.001).

3.4. ID/AST panels rejected due to insufficient growth

For nine (5.7%) bacterial isolates, six of which were Gram-positive
and three, Gram-negative, no growth was detected when the prelimi-
nary reading was performed.

4. Discussion

We describe a simple and inexpensive method to obtain a rapid pro-
file of antibiotic resistance based on a preliminary reading of routine
MicroScan® ID/AST panels. For Gram-negative bacilli, data from the ini-
tial and final readings of ampicillin, amoxicillin-clavulanate, cefuroxime,
piperacillin/tazobactam, ciprofloxacin, levofloxacin, gentamicin,
tobramycin and amikacin were recorded and compared. The CA and
VME rates obtained were 89.9% and 6.9%, respectively. The CA was on
the limit of acceptability, but the VME rate was higher than is admitted
for validating an AST procedure (Clark et al., 2009). However, rather
than validating a rapid antibiogram, our goal was to accelerate the de-
tection of bacterial resistant isolates prevalent at our institution, thus
enhancing antibiotic treatment for severe infections, especially
bacteraemia. Thus, for all the 32 isolates that were producers of ESBL
(15 Escherichia coli and 17 Klebsiella pneumoniae), at least one test of

Table 3
Preliminary readings of methicilin resistance.

synergy with cefotaxime or ceftazidime was found to be positive at
5.3-8.6 h from the inoculation of the ID/AST panels. In consequence,
this crucial information could be delivered on the same day that AST
was performed or when the blood culture was found to be positive, as
in the four cases in which ID/AST panels were directly inoculated from
blood positive bottles. Moreover, the three Escherichia coli isolates resis-
tant to third-generation cephalosporins by AmpC production were de-
tected in the preliminary readings.

Although VME rates were high, many had little clinical significance.
Thus, when testing ampicillin the two VME found were in two Klebsiella
pneumoniae isolates, and these should be considered resistant, irrespec-
tive of the preliminary readings. The same is true for one of the VME
when testing for amoxicillin-clavulanate, because Enterobacter cloacae
is intrinsically resistant to this antibiotic combination. This is also the
case for cefuroxime, because three of the four VME were in Enterobacter
cloacae, Klebsiella pneumoniae ESBL and Escherichia coli ESBL isolates,
where again, there is no indication for cefuroxime treatment. For piper-
acillin/tazobactam, the two VME were in two isolates of Klebsiella
pneumoniae and Escherichia coli, both of which are ESBL producers. In
fact, the use of this antibiotic combination is controversial in such
cases (Ng et al., 2016; Paterson et al., 2004; Rodriguez-Bafio et al., 2012).

On the whole, the quinolones performed well. Thus, no VME were
found for levofloxacin and only two for ciprofloxacin, although one of
these was resistant to levofloxacin in the preliminary reading and so
quinolone treatment could have been ruled out. Conversely, aminogly-
cosides showed VME rates of nearly 10% in gentamicin and tobramycin.
In addition, the only isolate resistant to amikacin was susceptible, ac-
cording to the preliminary reading (date not shown). Nevertheless, 27
and 14 isolates resistant to gentamicin and tobramycin, respectively,
were detected in the preliminary readings and five of the seven VME
for aminoglycosides showed resistance to gentamicin, tobramycin or
both, and so a conservative analysis could have precluded the use of
aminoglycosides in these cases if indicated.

For the Gram-positive isolates, combined MICs to oxacillin and
cefoxitin detected the 16 MRSA isolates at 4.5-7.5 h from the ID/AST
panel inoculation and in two cases the ID/AST panels were directly inoc-
ulated from blood-positive bottles. Likewise, oxacillin and cefoxitin
jointly detected 15 of 16 CoNS as resistant to methicillin (data not
shown), and oxacillin/cefoxitin resistance identified 15 of 16 CoNS as re-
sistant to methicillin. Of the nine isolates of Enterococcus species in-
cluded in this study, only two, both Enterococcus faecium, were
resistant to ampicillin. One was susceptible to ampicillin in the prelim-
inary reading, although the MIC recorded was high (4 mcg/ml) and
therefore resistance could be suspected, but due to the low number of
isolates tested no firm conclusions can be drawn.

Obviously, the time of the preliminary reading can influence the ac-
curacy of the MIC readings, but its clinical importance is uncertain and
further studies should be conducted to clarify this question. In addition,
variability in the reading time is a limitation to the standardization of
the procedure. In our opinion, the time interval selected fits best with
the laboratory routine and, at the same time, produces useful results.
Other limitations, as mentioned previously, are that some resistance
mechanisms, such as AmpC cephalosporinase production in Gram-
negative isolates or ampicillin resistance in Enterococcus species, were
largely absent from our sample, and others such as resistance to carba-
penems, vancomycin, daptomycin or linezolid were completely absent,

Methicillin-resistant Staphylococcus aureus (MRSA)

Methicillin-susceptible Staphylococcus aureus (MSSA)

Final Reading (18 h) Initial Reading Final Reading (18 h) Initial Reading
Oxacillin R/Cefoxitin R 16 15(1)" - -
Oxacillin R/Cefoxitin S - - -
Oxacillin S/Cefoxitin S - - 13 13(1)*

* In brackets ID/AST panels directly inoculated from blood bottles.



402 W. Sdnchez Yebra et al. / Diagnostic Microbiology and Infectious Disease 94 (2019) 398-402

so further studies including bacteria with these resistance mechanisms
are required. Furthermore, in our institution, Klebsiella pneumoniae resis-
tance to third-generation cephalosporins by ESBL production is almost
entirely due to CTX-M-15 enzymes (data not published). Accordingly, it
would be useful in the future to test bacterial populations with greater en-
zymatic diversity. Finally, not all bacterial species causing serious infec-
tions have been included in this study, especially Pseudomonas
aeruginosa, which is less prevalent as an agent of bacteraemia and proba-
bly requires prolonged incubation times to obtain reliable results.

The relatively low clinical significance of some of the VME detected
justifies antibiotic treatment de-escalation, especially if an interpreta-
tive reading of the antibiogram times reasonably allows resistant phe-
notypes to be ruled out (Livermore et al., 2001). Thus, 38 Klebsiella/
Escherichia isolates could have been classed as “non-ESBL producers”
and 13 Staphylococcus aureus isolates could have been classed, on the
same day, as susceptible to methicillin.

In conclusion, our preliminary readings approach is simple, inexpen-
sive and reliable, enabling us to detect and identify the most prevalent
resistant bacteria in our institution, and what is most significant, if the
ID/AST panels are directly inoculated from the positive blood bottles,
this means that directed antibiotic treatment could be started on the
same day that a blood culture becomes positive. We consider it would
be a powerful tool for the clinicians who are in charge of the patient
and that critical decisions about treatment could be made at the
reporting moment. The knowledge of the species and resistance pheno-
type of the microorganism causing infection not only guarantee an early
and appropriate antibiotic treatment but also allows antibiotic de-
escalation. Moreover, in settings of limited resources, such as develop-
ing countries, MicroScan autoSCAN-4 readings could be coupled with
chromogenic media or rapid phenotypic identification methods to ad-
vance antibiogram results in critical samples. Antibiotic de-escalation
is possible if it is based on an interpretative reading of the antibiogram
by clinicians or microbiologists acquainted with the local profile of bac-
terial resistance.

Acknowledgments

The authors want to show appreciation to all Laboratory staff for
supporting the work. We also thank Glenn Harding for his help in the
preparation of the manuscript.

Compliance with ethical standards

Funding: There was no funding available.
Conflict of interest

The author declared that they have no conflict of interest.
Ethical statement

This article does not contain any studies with human participants or
animals performed by any of the authors.

References

Barenfanger ], Drake C, Kacich G. Clinical and financial benefits of rapid bacterial identifi-
cation and antimicrobial susceptibility testing. J Clin Microbiol 1999;37:1415-8.
Clark RB, Lewinski MA, Loeffelholz M], Tibbetts R]. Cumitech 31A. Verification and valida-
tion of procedures in the clinical microbiology laboratory. Coordinating ed.

Washington, DC: S. E. Sharp. ASM Press; 2009.

Cortegiani A, Russotto V, Graziano G, Geraci D, Saporito L, Cocorullo G, et al. Use of Ce-
pheid Xpert Carba-R(R) for rapid detection of carbapenemase-producing bacteria in
abdominal septic patients admitted to intensive care unit. PLoS One 2016;11(8),
e0160643. https://doi.org/10.1371/journal.pone.0160643.

Doern GV, Vautour R, Gaudet M, Levy B. Clinical impact of rapid in vitro susceptibility test-
ing and bacterial identification. ] Clin Microbiol 1994;32:1757-62.

Giammanco A, Cala C, Fasciana T, Dowzicky M]. Global Assessment of the Activity of Tige-
cycline against Multidrug-Resistant Gram-Negative Pathogens between 2004 and
2014 as Part of the Tigecycline Evaluation and Surveillance Trial. mSphere 2017 Jan
18;2(1):e00310-6. https://doi.org/10.1128/mSphere.00310-16.

Ginn AN, Halliday CL, Douglas AP, Chen SC. PCR-based tests for the early diagnosis of sep-
sis. Where do we stand? Curr Opin Infect Dis 2017;30(6):565-72. https://doi.org/10.
1097/QC0.0000000000000407.

Gonzdlez E, Torres E, Rojo MD, Pérez MD, Miranda C, Cabrera J, et al. Identificacion y
estudio de la susceptibilidad antimicrobiana de bacterias gramnegativas
multirresistentes en hemocultivos (BACTEC) por inoculacion directa de paneles
Wider. Poster sessién presented at the “XIII Reunién SEIMC”. Sevilla (Spain):
Sociedad Espafiola de Enfermedades Infecciosas y Microbiologia Clinica; 2009.

Hrabdk J, Chudackova E, Walkova R. Matrix-assisted laser desorption ionization-time of
flight (MALDI-TOF) mass spectrometry for detection of antibiotic resistance mecha-
nisms: from research to routine diagnosis. Clin Microbiol Rev 2013;26(1):103-14.
https://doi.org/10.1128/CMR.00058-12.

Kerremans JJ, Verboom P, Stijnen T, Hakkaart-van Roijen L, Goessens W, Verbrugh HA,
et al. Rapid identification and antimicrobial susceptibility testing reduce antibiotic
use and accelerate pathogen-directed antibiotic use. ] Antimicrob Chemother 2008;
61:428-35.

Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, et al. Duration of hypotension
before initiation of effective antimicrobial therapy is the critical determinant of sur-
vival in human septic shock. Crit Care Med 2006;34(6):1589-96.

Livermore DM, Winstanley TG, Shannon KP. Interpretative reading: recognizing the un-
usual and inferring resistance mechanisms from resistance phenotypes. ] Antimicrob
Chemother 2001;48(Suppl. 1):87-102.

Maelegheer K, Nulens E. Same-day identification and antibiotic susceptibility testing on
positive blood cultures: a simple and inexpensive procedure. Eur ] Clin Microbiol In-
fect Dis 2017;36:681-7. https://doi.org/10.1007/s10096-016-2849-8.

Mammina C, Cala C, Bonura C, Di Carlo P, Aleo A, Fasciana T, et al. Polyclonal
nonmultiresistant methicillin resistant Staphylococcus aureus isolates from clinical
cases of infection occurring in Palermo, Italy, during a one-year surveillance period.
Ann Clin Microbiol Antimicrob 2012;11:17.

March-Rosell6 GA, Bratos MA. Antibiograma rapido en microbiologia clinica. Enferm
Infecc Microbiol Clin 2016;34:61-8.

Marschal M, Bachmaier J, Autenrieth I, Ph Oberhettinger, Willmann M, Peter S. Evaluation
of the accelerate Pheno™ system for fast identification and antimicrobial susceptibil-
ity testing from positive blood culture in gram-negative bloodstream infection. ] Clin
Microbiol 2017. https://doi.org/10.1128/JCM.00181-17.

Ng TM, Khong WX, Harris PNA, De PP, Chow A, Tambyah PA, et al. Empiric piperacillin-
tazobactam versus carbapenems in the treatment of bacteraemia due to extended-
spectrum beta-lactamase-producing enterobacteriaceae. PLoS One 2016;11,
e0153696. https://doi.org/10.1371/journal.pone.0153696.

Opota O, Croxatto A, Prod'hom G, Greub G. Blood culture-based diagnosis of bacteraemia:
state of the art. Clin Microbiol Infect 2015;21:313-22.

Paterson DL, Ko WC, Von Gottberg A, Mohapatra S, Casellas M, Goossens H, et al. Antibi-
otic therapy for Klebsiella pneumoniae bacteraemia: implications of production of
extended-spectrum beta-lactamases. Clin Infect Dis 2004;39:31-7.

Perez KK, Olsen RJ, Musick WL, Cernoch PL, Davis JR, Peterson LE, et al. Integrating rapid
diagnostics and antimicrobial stewardship improves outcomes in patients with
antibiotic-resistant gram-negative bacteraemia. ] Infect 2014;69:216-25.

Rodriguez-Baiio ], Pafio-Pardo JR, Alvarez-Rocha L, Asensio A, Calbo E, Cercenado E, et al.
Programs for optimizing the use of antibiotics (PROA) in Spanish hospitals: GEIH-
SEIMC, SEFH and SEMPSPH consensus document. Enferm Infecc Microbiol Clin
2012;30(1):22.e1-22.e23.

Rodriguez-Baiio J, Navarro MD, Retamar P, Picon E, Pascual A. Extended-spectrum beta-
lactamases—red Espariola de Investigacion en Patologia Infecciosa/Grupo de Estudio
de Infeccién Hospitalaria group. 3-lactam/@B-lactam inhibitor combinations for the
treatment of bacteremia due to extended-spectrum P-lactamase-producing
Escherichia coli: a post hoc analysis of prospective cohorts. Clin Infect Dis 2012;54:
167-74. https://doi.org/10.1093/cid/cir790.

Rodriguez-Maresca M, Sorlozano A, Grau M, Rodriguez-Castafio R, Ruiz-Valverde A,
Gutierrez-Fernandez . Implementation of a computerized decision support system
to improve the appropriateness of antibiotic therapy using local microbiologic data.
Biomed Res Int 2014;2014, 395434.

Russotto V, Cortegiani A, Graziano G, Saporito L, Raineri SM, Mammina C, et al. Blood-
stream infections in intensive care unit patients: distribution and antibiotic resistance
of bacteria. Infect Drug Resist 2015;8:287-96. https://doi.org/10.2147/IDR.S48810.
[Published online 2015 Aug 10].

The European committee on antimicrobial susceptibility testing. Guidelines for detection
of resistance mechanisms and specific resistances of clinical and/or epidemiological
importance version 2.01. http://www.eucast.org/fileadmin/src/media/PDFs/
EUCAST _files/Resistance_mechanisms/EUCAST_detection_of_resistance_mecha-
nisms_170711.pdf, 2017.

Tziolos N, Giamarellos-Bourboulis EJ. Contemporary approaches to the rapid molecular
diagnosis of sepsis. Expert Rev Mol Diagn 2016;16:1201-7.

Van Belkum A, Dunne WM. Next-generation antimicrobial susceptibility testing. ] Clin
Microbiol 2013;51(7):2018-24. https://doi.org/10.1128/JCM.00313-13.

Wilson G, Badarudeen S, Godwin A. Real-time validation and presentation of the cumula-
tive antibiogram and implications of presenting a standard format using a novel in-
house software: ABSOFT. Am ] Infect Control 2010;38(9):e25-30.



http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0005
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0005
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0010
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0010
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0010
https://doi.org/10.1371/journal.pone.0160643
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0020
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0020
https://doi.org/10.1128/mSphere.00310-16
https://doi.org/10.1097/QCO.0000000000000407
https://doi.org/10.1097/QCO.0000000000000407
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf5000
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf5000
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf5000
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf5000
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf5000
https://doi.org/10.1128/CMR.00058-12
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0040
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0040
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0040
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0045
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0045
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0045
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0050
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0050
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0050
https://doi.org/10.1007/s10096-016-2849-8
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0060
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0060
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0060
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0060
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0065
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0065
https://doi.org/10.1128/JCM.00181-17
https://doi.org/10.1371/journal.pone.0153696
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0075
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0075
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0080
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0080
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0080
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0085
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0085
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0085
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0090
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0090
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0090
https://doi.org/10.1093/cid/cir790
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0100
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0100
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0100
https://doi.org/10.2147/IDR.S48810
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Resistance_mechanisms/EUCAST_detection_of_resistance_mechanisms_170711.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Resistance_mechanisms/EUCAST_detection_of_resistance_mechanisms_170711.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Resistance_mechanisms/EUCAST_detection_of_resistance_mechanisms_170711.pdf
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0115
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0115
https://doi.org/10.1128/JCM.00313-13
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0125
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0125
http://refhub.elsevier.com/S0732-8893(18)30402-4/rf0125

	Preliminary readings of antimicrobial susceptibility panels: A simple, fast and inexpensive way to detect bacterial resista...
	1. Introduction
	2. Material and methods
	2.1. Bacterial isolates
	2.2. Routine bacterial identification (ID) and antibiotic susceptibility testing�(AST)
	2.3. Identification by mass spectrometry
	2.4. Preliminary readings
	2.5. Data analysis

	3. Results
	3.1. Gram-negative bacteria
	3.2. Gram-positive bacteria
	3.3. Preliminary readings
	3.4. ID/AST panels rejected due to insufficient growth

	4. Discussion
	section14
	Acknowledgments
	Compliance with ethical standards
	Conflict of interest
	Ethical statement
	References


