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Abstract

To assess the concordance of antimicrobial susceptibility testing results obtained by the Alfred AST® system performed directly
from positive blood cultures in comparison with the standard susceptibility test results performed from isolated colonies by an
automated broth microdilution method and to determine the applicability of Alfred AST® system in the routine of our blood
culture laboratory. This system is based on the detection of growth by turbidimetry through a technology based on light
scattering. Antimicrobial susceptibility testing was performed directly from positive bottles by the Alfred AST® system
(Alifax, Padova, Italy). The broth microdilution method (MicroScan, Beckman Coulter, CA, USA) performed to the isolates
was considered the standard for comparison. We evaluated 115 significant episodes of bacteremia produced by 51 Gram-negative
Enterobacterales, 8 Pseudomonas spp., 2 non-fermenting Gram-negative rods, 7 Staphylococcus aureus, 23 coagulase-negative
Staphylococcus, 12 Enterococcus spp., and 12 Streptococcus spp. We performed 828 susceptibility determinations with a
categorical agreement with the standard method of 97.1%. Only 24 errors (2.9%) were detected. It should be pointed out that
for staphylococci and glycopeptides the correlation was only 87% and for non-fermenting Gram-negative rods and piperacillin/
tazobactam was only 88.9%. Time to get antibiogram results by Alfred AST® system was 5 versus 48 h for the standard
microdilution method from the isolated colonies. The Alfred AST® system is a useful and rapid method to obtain antimicrobial
susceptibility results within the same work shift after blood culture positivity.
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Introduction

The presence of living microorganisms in the blood of a pa-
tient is an event of major diagnostic and prognostic impor-
tance. Rapid detection of pathogens (bacteria and fungi) in
bloodstream infections is one of the major challenges in clin-
ical microbiology laboratories. Since blood cultures are still
considered the gold standard diagnostic procedure for sepsis,
processing of blood cultures is a priority [1, 2].

When blood cultures yield a clinically important pathogen,
not only an infectious cause is established for the patient’s
illness but also the etiologic agent becomes available for

P4 Carlos Sanchez-Carrillo
cscarrillo@salud.madrid.org

Servicio de Microbiologia Clinica, Hospital General Universitario
Gregorio Marafion, Dr. Esquerdo 46, 28007 Madrid, Spain

antimicrobial susceptibility testing (AST) and optimization
of therapy.

The microbiology laboratory plays a key role in the diagnosis
of bloodstream infections (BSIs) and the reduction of the time to
identification and AST is a major goal [3]. The rapid availability
of results should allow early administration of targeted antimi-
crobial treatment, hereby potentially improving the clinical out-
come and also reducing the length of hospital stay and associated
costs. A more rapid and optimal therapy furthermore limits anti-
biotic usage and the development of resistance [4-6].

Nowadays, after a blood culture is positive, information
regarding AST can be delayed for 24 h for preliminary results
(if an antibiogram is performed directly from the blood culture
bottle, which is not standardized) and up to 48—72 h for def-
inite standard AST results and minimum inhibitory concentra-
tion (MIC) determination. New molecular methods applied
directly in the blood culture can provide bacterial identifica-
tion and detection of resistance genes in less than 2 h, but this
information is limited to certain microorganisms and genes
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(i.e., methicillin resistance, carbapenemase production,
extended-spectrum B-lactamase production, and glycopeptide
resistance) and do not provide data on AST to different anti-
microbials. The Alfred AST® (Alifax, Padova, Italy) is an
automated system for the rapid determination of AST directly
from blood cultures. The system is based on the detection of
growth by turbidimetry through a technology based on light
scattering. The Alfred AST® system is able to provide sus-
ceptibility results of different microorganisms and different
antimicrobial agents at the same time in 5-7 h from positive
blood culture bottles. Few data are available related to the
concordance of this method with standard or commercialized
broth microdilution methods and/or the usefulness of the
Alfred AST® system in the rapid determination of AST from
blood culture isolates.

The objectives of this study were to assess the concordance
of AST results obtained by the Alfred AST® system per-
formed directly from positive blood cultures in comparison
with the standard susceptibility test results performed from
isolated colonies by an automated broth microdilution method
and to determine the applicability of Alfred AST® system in
the routine of our blood culture laboratory.

Table 1 Organism distribution
Organism No. significant
episodes of bacteremia
Enterobacterales 51
Escherichia coli 35
Klebsiella pneumoniae 6
Proteus mirabilis 4
Klebsiella oxytoca 3
Serratia marcescens 1
Pantoea agglomerans 1
Salmonella spp. 1
Non-fermenting GNR 8
Pseudomonas aeruginosa 5
Pseudomonas stutzeri 1
Stenotrophomonas maltophilia 1
Acinetobacter spp. 1
Coagulase-negative Staphylococci 23
Staphylococcus aureus 7
Enterococcus spp. 12
Enterococcus faecalis 10
Enterococcus faecium 2
Streptococcus spp. 12
Streptococcus pneumoniae 7
Group viridans streptococci 3
Streptococcus pyogenes 1
Streptococcus agalactiae 1
Total no. of organisms 115

GNR Gram-negative rod
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Methods
Hospital setting

The study was conducted at the Hospital General
Universitario Gregorio Maraiion, a 1200-bed tertiary hospital
in Madrid, Spain, attending a population of 715,000 inhabi-
tants. Our laboratory processes approximately 35,000 blood
cultures per year and detects about 1500 episodes of bacter-
emia per year.

Study definitions

An episode of bacteremia was considered significant according
to the American Society for Microbiology (ASM) criteria [7].

The types of errors were defined according also to the ASM
criteria [8]: a very major error was considered when Alfred
AST® categorized the isolate as susceptible and the reference
method as resistant, a major error was considered when
Alfred AST® categorized the isolate as resistant and the ref-
erence method as susceptible, and a minor error was consid-
ered when Alfred AST® or the standard method categorized
the isolate as intermediate and the other method as susceptible
or resistant.

Microbiology workflow

The study was performed from November 2015 to January
2016. We included all positive significant episodes of bac-
teremia detected at the beginning of our morning shift (8 am
to 3 pm) in order to be able to perform all the procedures
required for the Alfred AST® system to provide the suscep-
tibility results within the same morning shift. The system
allows the selection of the antimicrobials to be tested, as
determined by the microbiologist, according to the microor-
ganism. Episodes of bacteremia with more than one bacterial
species were excluded. Episodes of bacteremia by anaerobes
were also excluded.

Blood cultures were processed using the Bactec FX® au-
tomated system (Becton Dickinson, Franklin Lakes, NJ,
USA) and incubated for 5 days. Gram stain was performed
to all positive bottles. Microorganism identification was per-
formed directly from the positive bottles by matrix-assisted
laser desorption ionization-time of flight mass spectrometry
(MALDI-TOF) using the Bruker Biotyper System (Bruker
Daltonik GmbH, Bremen, Germany) only for significant epi-
sodes of bacteremia.

AST was performed directly from positive bottles by the
Alfred AST® system (Alifax, Padova, Italy) assigning one of
the following antimicrobial panels according to the direct
identification obtained by MALDI-TOF:
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Correlation (%) between the susceptibility of Alfred® AST system and the reference method (broth microdilution by MicroScan) using Enterobacterales

Table 2

Enterobacterales

N

51)

Ampicillin/ Piperacillin/ Cefotaxime Aztreonam Meropenem Gentamicin Amikacin Ciprofloxacin Cotrimoxazole
tazobactam

Ampicillin

sulbactam

51 51 49 48 31 51 51 46

48

No. of comparisons

91.6 100 96.1 100 100 100 100 98.0 97.8

98.0

Correlation (%)

1. Enterobacterales: ampicillin, ampicillin/sulbactam, piper-
acillin/tazobactam, cefotaxime, aztreonam, meropenem,
gentamicin, amikacin, ciprofloxacin, and cotrimoxazole

2. Non-fermenting Gram-negative rods: piperacillin/tazo-
bactam, meropenem, gentamicin, amikacin, and
ciprofloxacin

3. Gram-positive cocci in clusters: cefoxitin, gentamicin,
amikacin, clindamycin, levofloxacin, cotrimoxazole, ri-
fampin, linezolid, vancomycin, and teicoplanin

4. Gram-positive cocci in pairs or chains: ampicillin, linez-
olid, vancomycin, and high-level gentamicin

In addition, we cultured all positive bottles onto Columbia
blood agar (incubation in air), chocolate agar (incubation in
5% CO,), and Brucella agar (incubation in anaerobic atmo-
sphere) at 35-37 °C for 48 h.

For comparison, AST was performed from colonies grown
onto Columbia blood agar by the automated broth
microdilution method (MicroScan, Beckman Coulter, CA,
USA) that was considered the standard for comparison.
Interpretation of clinical categories of susceptible and resistant
was determined following the EUCAST recommendations.
The categorical agreement between the two susceptibility
methods was determined. Identification of the isolates was
performed by MALDI-TOF and/or MicroScan.

Results

From November 2015 to January 2016, we studied 115 episodes
of bacteremia. The most commonly identified microorganisms
were Escherichia coli, coagulase-negative staphylococci, and
Enterococcus faecalis (Table 1). Six Enterobacterales produced
extended-spectrum beta-lactamases (ESBL) and one also pro-
duced an OXA-48-like carbapenemase.

We were able to compare 828 susceptibility determinations
(Alfred AST® system from positive bottles vs MicroScan
from isolates). The categorical agreement was 97.1% and 24
errors were detected (2.9%): 1 minor error, 22 corresponding
to major errors, and only 1 very major error (one
Staphylococcus epidermidis isolate resistant to levofloxacin
according to the reference method and susceptible according
to Alfred AST® system). We performed e-testing from the
isolate and disc diffusion directly from the positive bottle to
verify the very major error.

The results of the correlation between the two susceptibility
methods are shown in Tables 2, 3, 4, and 5 for the different
groups of microorganisms. For Enterobacterales, the categor-
ical agreement was 97.9% with one minor error and nine ma-
jor errors. With the exception of ampicillin/sulbactam (91.6%
agreement), all the antimicrobials showed correlations greater
than 95%. The production of ESBL by six isolates of
Enterobacterales (four E. coli and two Klebsiella pneumoniae)
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Table 3 Correlation (%) between
the susceptibility of the Alfred®

Pseudomonas spp./other NFGNR (N = 8)

AST system and the reference

method (broth microdilution by Piperacillin/ Meropenem Gentamicin Amikacin Ciprofloxacin
MicroScan) using non-fermenting tazobactam
Gram-negative rods
No. of comparisons 8 8 5 8 5
Correlation (%) 88.9 90 85.7 100 100
was detected by the interpretation of the antibiogram obtained ~ Discussion

by Alfred AST®. In the case of the OXA-48-like-ESBL-
producing K. pneumoniae, we only detected the production
of the ESBL since the carbapenem that we included in the
Alfred AST panel was meropenem and this carbapenemase
showed only resistance to ertapenem and very low hydrolytic
activity against meropenem. In fact, by using the MicroScan
system, the isolate was only resistant to ertapenem.

The categorical agreement for staphylococci was 96.4%.
For all the antimicrobials tested, the correlation was very high
(greater than 96%) with the exception of the glycopeptides for
which the correlation was 87%. We detected eight errors in the
susceptibility determinations against staphylococci, and one
of them was a very major error. All these errors were detected
for coagulase-negative staphylococci. In the case of S. aureus
(seven isolates), the categorical agreement for all antimicro-
bials tested was 100.0% (total agreement).

The categorical agreement for enterococci (12 isolates) was
97.6%. There was only one mayor error for the detection of
high-level gentamicin resistance in one Enterococcus faecium
isolate. The categorical agreement for Streptococcus spp. was
97.7% with only one mayor error in the detection of vanco-
mycin resistance in an S. pneumoniae isolate.

For non-fermenting Gram-negative rods, the categorical
agreement was 90.9% with four major errors. We included one
major error in the detection of trimethoprim/sulfamethoxazole
susceptibility of an isolate of Stenotrophomonas maltophilia.

The turnaround time for the detection of the direct
antibiogram by Alfred AST® system was 5 versus 48 h for
the reference method. This time to results allows Alfred
AST® to be applied and informed in the routine of our blood
culture laboratory in the same work shift.

In this study including 115 BSIs, Alfred AST® system proved
to be an adequate method to test antimicrobial susceptibilities
of the bacterial isolates from positive blood cultures with an
excellent categorical correlation (97.1%) with the reference
method. Performing of the technique directly from the posi-
tive blood culture bottles reduced the time of the determina-
tion of antimicrobial susceptibility. Results were available 5 h
after the processing of the positive blood cultures is started.
We only detected one very major error, 22 major errors,
and one minor error. These make the system more reliable
as the great majority (95.8%) of the errors of Alfred
AST® system consisted in categorizing the bacteria as
resistant, while with the reference method, the isolates
were reported as susceptible. Categorical agreement rates
for glycopeptides in coagulase-staphylococci were 86%.
For us, this was a matter of concern. Some studies have
described the lack of concordance in the detection of gly-
copeptide susceptibility for staphylococci isolates using
different standardized susceptibility methods [9—-11].
Anyway, we consider that Alfred AST® system should
improve the detection of glycopeptide susceptibility.
MALDI-TOF MS has demonstrated to be useful in the
rapid identification of microorganisms directly from positive
blood cultures [12]. In a study, the authors evaluate the com-
bination of MALDI-TOF and Vitek-2 Compact System to
achieve rapid identification and susceptibility testing by direct
inoculation from positive blood cultures [13]. The average
times required to obtain AST testing results were 6.45 +4.52
and 9.55+2.97 h for Gram-negative rods and Gram-positive
coccli, respectively. In our setting, time to susceptibility results

Table 4 Correlation (%) between the susceptibility of the Alfred® AST system and the reference method (broth microdilution by MicroScan) using

Staphylococcus spp.

Staphylococcus spp. (N =30)

Cefoxitin Amikacin Gentamicin Clindamycin Levofloxacin Cotrimoxazole Rifampin Linezolid Vancomycin Teicoplanin

No. of comparisons 29 28 27 27 26
Correlation (%) 96.5 96.4 100 100 96.1

24 24 22 23 15
100 100 100 86.9 86.7
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Table 5
Gram-positive cocci arranged in pairs or chains

Correlation (%) between the susceptibility of the Alfred® AST system and the reference method (broth microdilution by MicroScan) using

Enterococcus spp. (N =12)

Streptococcus spp. (N =12)

Ampicillin Linezolid Vancomycin High-level gentamicin Ampicillin Linezolid Vancomycin
No. of comparisons 12 10 12 8 11 9 10
Correlation (%) 100 100 100 87.5 100 100 90

should be available in less than 5-6 h in order to communicate
the information to the responsible physician or to the infec-
tious diseases consultants who are physically present at the
hospital only in the morning shift. Alfred AST® system pro-
vides real-time growth curves for the bacteria with or without
antimicrobials. Although final time to results are 3 or 5 h
depending on the antimicrobial, the manual reading of the
curves may anticipate the definitive results as most of the
curves show a clear resistance or susceptible pattern prior to
the final readings.

Other molecular methods, like Verigene® and
Filmarray®, allow rapid identification for a limited num-
ber of bacterial or yeast identification and detection of
some resistance markers directly from blood culture bot-
tles is available [14—16]. The time to result of these two
former systems is shorter than the time to result of the
method we evaluated; however, the number of antimicro-
bials available by Alfred AST® system is much higher
and the system is flexible to design the more adequate
panel of antimicrobials for every setting. However, using
the Alfred AST® system involves prior identification
method like MALDI-TOF in order to assign the proper
antimicrobial panel.

Our study has limitations. First, the study was performed in a
single center with a small number of clinical samples. Besides, as
we could only include seven cases of bacteremia caused by non-
fermenting Gram-negative rods, the conclusion for this group of
microorganism was limited. Besides, the growth of these micro-
organisms in the system was not always adequate. Twenty-seven
percent of the cases of bacteremia caused by Pseudomonas
aeruginosa could not be evaluated due to insufficient growth.
The exclusion of the polymicrobial bacteremia is another limita-
tion of this study. In our setting, 10% of all cases of bacteremia
are polymicrobial.

In conclusion, the evaluation of the Alfred AST® system
for the determination of antimicrobial susceptibility directly
from positive blood culture bottles showed an excellent cor-
relation of this rapid method with the standard microdilution
method at least 1 day earlier than the preliminary results were
obtained. This allows clinical decisions in the same work shift
that the episode of bacteremia is detected. Studies are needed

to assess the clinical impact of the application of the Alfred
AST® system on antimicrobial treatment, length of hospital-
ization, medical costs, and mortality.
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