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SUMMARY
The rapid detection of extended-spectrum β-lactamase Enterobacterales (ESBL-E) in a positive blood culture is important in order to initiate an appropriate antibiotic therapy and thus
decrease mortality. We evaluated the new BL-RED (β-Lactamase Rapid Electrochemical Detection) test in 100 positive blood culture broths to detect (in ten minutes) the presence or
absence of ESBL-E. The BL-RED test appears to be an easy, rapid and reliable test to detect
the presence of ESBL directly in Gram negative bacilli-positive blood culture broths, with
good performances (sensibility =97.3%, specificity =90.5%, predictive positive value =85.7%
and predictive negative value =98.3%). This test could be useful for therapeutic decisions and
adjustments of sepsis empirical antibiotic therapy, particularly in wards where the ecology is
unfavorable, such as in intensive care units.
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INTRODUCTION
In recent decades, antimicrobial resistance has become a major threat to public health worldwide.
Among Enterobacterales, the production of β-lactamases is the most prevalent type of β-lactam resistance. Among these β-lactamases, extended-spectrum β-lactamase (ESBL) and overproduced cephalosporinase enzymes are the major representative
mechanisms hydrolyzing the majority of β-lactams,
including third-generation cephalosporins (3GC) except carbapenems (Drieux et al., 2008; Bush et al.,
2020). In case of sepsis, good and rapid microbiological documentation is of paramount importance
for the success of therapeutic strategy, as well as for
a quick start of adequate treatment. Therefore, the
rapid detection of ESBL Enterobacterales in a positive blood culture is important for determining an
appropriate antibiotic therapy with a decrease in
mortality, thereby avoiding emerging antibiotic resistance and longer hospital stay (Kollef et al., 2000;
Harbarth et al., 2003). Even if it is now possible to
perform the antimicrobial susceptibility test directKey words:
Blood culture, Sepsis, Third generation cephalosporins resistance,
ESBL detection, Rapid test.
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ly on positive blood broth, 8-10 hours are needed to
obtain the result for antimicrobial β-lactam susceptibilities requires using the Vitek 2 platform (Hogan
et al., 2019; Höring et al., 2019). Recently, a new test
called BL-RED (β-Lactamase Rapid Electrochemical Detection) test developed by Coris BioConcept
(Gembloux, Belgium) is able to detect ESBL activity in ten minutes, directly on positive blood culture
broth with a rod morphology evocating Enterobacterales on Gram staining. The aim of this study was to
evaluate this new test on 100 positive blood cultures
showing Gram-negative bacilli (GNB) staining evocating Enterobacterales.

MATERIALS AND METHODS
One hundred positive blood culture broths with
GNB staining evocating Enterobacterales were tested. These samples were taken from patients with a
context of antimicrobial treatment or hospitalization in the three preceding months. The gold standard to evaluate this new test was the performed
and expertized antimicrobial susceptibility test
using the Vitek 2 AST-N233 and AST-XN05 cards
(BioMérieux, Marcy-l’Étoile, France) associated
with the MASTDISCS ID ESBL detection disc diffusion tests (Mast Diagnostics, Amiens, France) to
confirm the presence of ESBL or overproduction
of cephalosporinase (Drieux et al., 2008; Nourisson et al., 2015). In case of carbapenem resistance,
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the O.K.N.V.I. Resist Coris test (CorisBioconcept,
Gembloux, Belgium) allowed us to type the carbapenemase. The BL-RED test is based on a voltametric phenotypic test detecting ESBL activity with
disposable carbon screen printed sensors using a
3GC-like β-lactamase chromogenic substrate. The
principle of the electrochemical test is based on the
hydrolysis of its β-lactam cycle, with the substratum
converted into a catalytic product whose specific
oxidation peak is detected as analytical response.
The intensity of the peak current is proportional to
the amount of ESBL, thus indicating the number of
ESBL-producing bacteria in the sample. The tests
were performed as recommended by the manufacturer, using 1.5 mL of blood culture broth; results
were interpreted after 10 minutes.

RESULTS
Among the 100 GNB observed after Gram staining
performed on blood culture broth, identification by
MALDI-TOF spectrometry was as follows: 32 Escherichia coli, 31 Klebsiella pneumoniae, 2 K. oxytoca, 1
K. variicola, 17 Enterobacter cloacae, 6 K. aerogenes,
3 Serratia marcescens, 1 Citrobacter freundii, 1 Morganella morganii, 5 Pseudomonas aeruginosa and 1
Acinetobacter junii. The results of the new test were
reported in Table 1 in comparison with our gold
standard, allowing classification of the presence of
the resistance support. These results allowed us to
determine a sensibility =97.3%, a specificity =90.5%,
a predictive positive value (PPV) =85.7%, and a predictive negative value (PNV) =98.3%.

DISCUSSION
Compared to the princeps test developed in 2018, this
second-generation test shows identical performance
(sensibility =97.3/100%; specificity =90.5/80%) for
the direct detection of resistance to 3GC directly on GNB-positive blood culture broths (Betelli et
al., 2018). The main advantage of this new test is
the time needed to obtain an objectively measured
result (10 minutes) compared to the longer time (2
hours 30 minutes) of the old version. In addition to
their simplicity, low cost, speed and sensitivity, electrochemical measurements can be carried out in
colored and turbid environments such as blood and
allow both objective measurements and the traceability of current signals. In comparison to this new
test, previous studies evaluated the rapid detection of
ESBL-producing Enterobacterales (ESBL-E) in blood
cultures using a colorimetric b-lacta test. Dortet et al.
(Dortet et al., 2015) evaluated the ESBL NDP test directly from blood cultures (n=211) with a sensitivity,
a specificity, a PPV and a NPV of 100% for the detection of ESBL-E within 30 minutes. Walewski et al.
(Walewski et al., 2015) used the b-lacta test® (Bio-Rad,
Marnes-la-Coquette, France) for identifying ESBL-E
from positive blood cultures (n=132), after treatment
with saponin and two washes, with a sensibility of
95.7% and a specificity of 100%. Compain et al. (Compain et al., 2015) evaluated the b-lacta test® (Bio-Rad,
Marnes-la-Coquette, France) on 3-hour incubated
solid medium subcultures from positive blood cultures (n=108) with a sensitivity of 84.8%, a specificity
of 100%, a PPV of 100% and a PNV of 94%. Endly,
Hasso et al. (Hasso et al., 2017) evaluated the b-lacta

Table 1 - BL-RED test results of the 100 GNB positive blood culture broths.
Species (n)

Gold standard

24 non ESBL (9 wild type, 12 TEM, 3 IRT)
8 ESBL
7 wild type
18 ESBL
K. pneumoniae (31)
3 ESBL + OXA-48
2 OXA-48
1 plasmid cephalosporinase
K. oxytoca (2)
2 wild type
K. variicola (1)
1 ESBL
4 wild type
E. cloacae (17)
8 overproduced cephalosporinase
5 ESBL
E. aerogenes (6)
6 wild type
2 wild type
S. marcescens (3)
1 ESBL
C. freundii (1)
1 wild type
M. morganii (1)
1 overproduced cephalosporinase
P. aeruginosa (5)
5 non ESBL
A. junii (1)
1 non ESBL

E. coli (32)

BL-RED
Neg
Pos
24
0
0
8
6
1
1
17
0
3
2
0
1
0
1
1
0
1
4
0
5
3
0
5
6
0
2
0
0
1
1
0
0
1
5
0
1
0

Index range
(electrochemical signal)

Interpretation

0
1160-3169
0-1360
0-3629
30-2500
0
0
0-2500
2400
0
0-299
1370-2920
0
0
490
0
100
0
0

24 TN
8 TP
6 TN – 1 FP
17 TP – 1 FN
3 TP
2 TN
1 TN
1 TP – 1 FP
1 TP
4 TN
5 TN – 3 FP
5 TP
6 TN
2 TN
1 TP
1 TN
1 FP
5 TN
1 TN

IRT = Inhibitor Resistant TEM; TN = True Negative result; TP = True Postive result; FN = False Negative result; FP = False Positive result; OXA-48 = OXA48 carbapenemase.
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test® (Bio-Rad, Marnes-la-Coquette, France) for detection of ESBL-producing organisms using smudge
plates prepared from positive blood culture broths
(n=269) with a sensitivity of 100% and a specificity
of 97.8%. All these studies evaluated a colorimetric
test, and even if the authors did not observe uninterpretable color, the interpretation may be subjective when the result is yellow-orange or red-orange.
In comparison to these tests, the BL-RED test gives
an objective electro-chemical signal allowing reliable
interpretation of a positive or negative result. The
BL-RED test may be considered an efficient test for
detection of ESBL in blood culture, but not for detection of all 3GC-resistant bacteria. Indeed, among the
6 false positive tests, 4 concerned Enterobacterales resistant to cephalosporin by other mechanisms such
as ampC or overproduction of penicillinase for K.oxytoca. Even if no ESBL was detected in these cases,
the positive BL-RED test gave interesting information to the clinician regarding probable cephalosporin resistance. On the other hand, the failure to detect
an overexpressed cephalosporinase phenotype may
be a limit of the BL-RED test: a negative BL-RED test
does not ensure that 3GC is efficient. The BL-RED
test should be used to allow antibiotic incrementation (use of broader spectrum antibiotic) when it is
positive. This rapid diagnostic test will be useful for
therapeutic decisions and adjustments in empirical
antibiotic therapy in order to rapidly detect sepsis
due to ESBL-E, particularly when the ecology is unfavorable, as in intensive care units.
In conclusion, the BL-RED test appears to be an easy,
rapid and reliable test to detect the presence of ESBL
directly on Enterobacterales positive blood culture
broths. The test is easy to increment in the workflow
of the bacteriological work in a routine laboratory.
Depending on the ecology of each hospital, the microbiologist may propose to clinicians the detection
of this resistance for certain wards to quickly adapt
the antibiotic prescription.
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