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A novel commercial chromogenic technique, the �LACTA test (Bio-Rad, Marnes-la-Coquette, France), was evaluated to detect
nonsusceptibility to ceftazidime in Pseudomonas aeruginosa isolates. Easily implemented in the routine microbiology labora-
tory, this rapid test was sensitive (95%) and specific (87%) and presented negative and positive predictive values of 99% and
100%, respectively.

Pseudomonas aeruginosa is a nonfermenting Gram-negative ba-
cillus commonly responsible for nosocomial infections that

are associated with high mortality and morbidity (1). Moreover, it
is known to display a predilection to infect immunocompromised
patients and debilitated patients (2). The low permeability of its
outer membrane, overexpression of various efflux pumps, and
constitutive production of �-lactamases make P. aeruginosa in-
trinsically resistant to several �-lactams (2). According to most
international therapy guidelines, first-line treatment options usu-
ally rely on ceftazidime (CAZ), piperacillin-tazobactam, or fluo-
roquinolones (3). Resistance mechanisms against broad-spec-
trum �-lactams in P. aeruginosa could result from reduced
permeability through porin deficiency, increased active efflux,
overproduction of constitutive cephalosporinase, or the acquisi-
tion of exogenous �-lactamases hydrolyzing various antipseudo-
monal �-lactams, including CAZ (4). Rapid identification of
CAZ-nonsusceptible P. aeruginosa strains on primary culture may
be useful to guide the decision on whether to use CAZ as empirical
therapy for P. aeruginosa infections.

The �LACTA test (BLT) (Bio-Rad, Marnes-la-Coquette,
France) is a qualitative colorimetric test based on the selective
cleavage of a chromogenic substrate, HMRZ-86, which is struc-
turally close to CAZ. HMRZ-86 is not hydrolyzed by narrow-
spectrum �-lactamases, due to their poor affinity for this com-
pound. On the other hand, this substrate is hydrolyzed by evolved
�-lactamases, such as extended-spectrum-�-lactamases (ESBLs)
and metallo-�-lactamases (MBLs), but also by stably derepressed
chromosomal AmpC cephalosporinase (5). Hydrolysis of the
�-lactam ring modifies the wavelength absorbed by the molecule,
shifting the color of the compound from the initial yellow to or-
ange to red to purple, depending on the degree of hydrolysis (6).
BLT was primarily designed for the detection of Enterobacteria-
ceae strains with decreased susceptibility to extended-spectrum
cephalosporins. This test appeared to be reliable for the detection
of ESBL-producing Enterobacteriaceae (7, 8).

The aim of this study was to evaluate the ability of this newly
developed test to rapidly discriminate directly from primary cul-
ture colonies between CAZ-susceptible and CAZ-nonsusceptible
(intermediately of fully resistant) P. aeruginosa isolates.

A total of 164 P. aeruginosa isolates were tested in this study,
including 100 consecutive nonduplicate strains isolated from rou-

tine clinical samples and 64 collection strains previously charac-
terized for their �-lactamases at the molecular level by multiplex
PCR and sequencing (9, 10). Routine clinical samples included
mainly lower respiratory tract specimens (68%), but also urine
specimens (10%), blood cultures (3%), and other specimens
(19%). �-Lactamase-producing isolates from the collection in-
cluded ESBLs (n � 22), MBLs (n � 24), producers of various
oxacillinases (n � 9) and carbenicillinases (n � 5), and producers
of both MBLs and ESBLs (n � 4) and are listed in Table 1. All P.
aeruginosa strains were tested for susceptibility to 16 antimicrobi-
als, including CAZ, by the disk diffusion method according to the
CLSI recommendations (11). After 18 to 24 h of incubation at
35°C, CAZ inhibition zone diameters were recorded and the BLT
was performed according to the manufacturer’s instructions on
fresh colonies grown on plates containing Trypticase soy agar
(TSA) supplemented with 5% sheep blood (Becton, Dickinson, Le
Pont de Chaix, France), which served as an antibiogram purity
plate. Briefly, one drop each of two reagent solutions was added
extemporaneously in a microtube. Isolated colonies picked up
with a 1-�l loop were then suspended in the reaction mixture. Test
results were recorded after up to 30 min of incubation at room
temperature. Any colorimetric change from yellow to orange, red,
or purple was considered a positive result, and the absence of a
colorimetric change was considered a negative result. BLT was
also evaluated under the same conditions for 20 representative
strains (including 10 acquired �-lactamase-producing strains, 5
overexpressed �-lactamase-producing strains, and 5 wild-type
susceptible strains), each grown on the following agar plates: TSA,
MacConkey’s agar (Becton, Dickinson, Le Pont de Chaix, France),
cystine-lactose-electrolyte-deficient agar (bioMérieux, Marcy
l’Etoile, France), and chocolate Haemophilus agar 2 (bioMérieux,
Marcy l’Etoile, France).
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The BLT yielded a positive test for 18 out of 19 clinical isolates
that were found to be CAZ nonsusceptible by disk diffusion, while
results were negative for all 81 CAZ-susceptible strains collected
from the routine clinical samples. Eighteen of the 19 CAZ-non-
susceptible strains displayed a �-lactam resistance phenotype typ-
ical of chromosomal AmpC cephalosporinase overproduction
(high-level resistance to ticarcillin, piperacillin, piperacillin-tazo-
bactam, and ceftazidime and susceptibility to cefepime and az-
treonam) associated or not with an outer membrane permeability
defect (decreased susceptibility to imipenem). The only CAZ-
nonsusceptible strain that was unrecognized by BLT was pheno-
typically compatible with a high-level active efflux-producing
strain (high-level resistance to ticarcillin, piperacillin, ceftazidime,
cefepime, aztreonam, and meropenem and intermediate resis-
tance to piperacillin and piperacillin-tazobactam). Multiplex PCR
targeting minor ESBL (including VEB, PER, BEL, and GES types),
carbapenemase (including VIM, IMP, NDM, OXA-48, and KPC
types), extended-spectrum penicillinase (including OXA-10,
OXA-18, OXA-20, OXA-1, OXA-30, OXA-2, OXA-9, and OXA-
198 types), and carbenicillinase (CARB-1 to -6) bla coding genes
(9, 10) remained negative for this strain. Final positive colorimet-
ric changes (orange, red, or purple) were variable and are detailed
in Fig. 1. Based on these results, the negative and positive predic-
tive values (NPV and PPV, respectively) of BLT were found to be
99% and 100%, respectively.

In the collection of P. aeruginosa strains characterized for their
�-lactamases, 61/64 were BLT positive (Table 1). Interestingly,
HMRZ-86 hydrolyzing activity was detected in 12 P. aeruginosa
isolates that were phenotypically CAZ susceptible (BEL-1 [n �
1]), VIM-4 [n � 1], CARB type [n � 5], OXA-2 [n � 2], OXA-10
[n � 2], and OXA-198 [n � 1]). On the other hand, 2 CAZ-
nonsusceptible VIM-producing P. aeruginosa strains were found
negative by the chromogenic test (Table 1). Among these isolates,
colorimetric modification appeared to vary according to �-lacta-
mase type. For the majority of the VIM-producing strains, color-
imetric variation appeared slower, shifting from yellow to orange,
and the BLT failed to detect 3 of the 19 VIM-producing isolates

TABLE 1 �LACTA test results and CAZ 30-�g disk inhibition
diameters of acquired �-lactamase-producing P. aeruginosa strains

Resistance
mechanism(s)

Resistance
determinant(s)

CAZ inhibition
zone diam (mm) BLT result

ESBLs BEL-1 17 Purple
BEL-1 12 Purple
BEL-1 21 Purple
BEL typea 6 Purple
BEL typea 13 Purple
BEL typea 14 Purple

GES-1 6 Orange
GES-5 10 Orange
GES-5 10 Red
GES-18 � CARB-1 17 Orange
GES typea 13 Red

PER-1 6 Purple
PER-1 6 Purple
PER typea � OXA G2 6 Purple
PER typea 6 Purple
PER typea 6 Purple
PER typea 6 Purple

VEB-1a 6 Purple
VEB-1b 6 Purple
VEB-1b 6 Purple
VEB-1b � OXA-10 6 Purple
VEB-1 6 Purple

MBLs IMP-7 6 Purple
IMP-7 6 Purple
IMP-13 6 Purple
IMP-13 6 Purple
IMP-13 6 Purple

VIM-2 6 Orange
VIM-2 6 Orange
VIM-2 12 Orange
VIM-2 9 Orange
VIM-2 13 Orange
VIM-2 10 Orange
VIM-4 18 Yellow
VIM-4 6 Orange
VIM-4 25 Orange
VIM-4 7 Red
VIM-4 � OXA-35 12 Orange
VIM typea 9 Orange
VIM typea 12 Yellow
VIM typea 8 Orange
VIM typea 6 Yellow
VIM typea 10 Orange
VIM typea 6 Red
VIM typea 10 Orange
VIM typea 6 Red

Carbenicillinases CARB typea 21 Orange
CARB typea 25 Orange
CARB typea 22 Orange
CARB typea 23 Orange
CARB typea 25 Orange

TABLE 1 (Continued)

Resistance
mechanism(s)

Resistance
determinant(s)

CAZ inhibition
zone diam (mm) BLT result

Oxacillinases OXA-1 16 Orange
OXA-2 21 Orange
OXA-2 20 Red
OXA-9 6 Orange
OXA-10 25 Purple
OXA-G10 24 Purple
OXA-18 � OXA-20 10 Purple
OXA-18 � OXA-20 6 Purple
OXA-198 27 Orange

MBLs with
ESBLs

VIM-2 � BEL-1 6 Purple

VIM-2 � BEL-2 8 Purple
VIM typea �

BEL-typea

6 Purple

VIM typea �
BEL-typea

6 Purple

a Unsequenced gene.
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(including one CAZ-susceptible isolate). The overall BLT sensi-
tivity and specificity, calculated for the 164 isolates on the basis of
the CAZ-susceptible or -nonsusceptible phenotype, were found to
be 95% and 87%, respectively. No colorimetric differences were
observed in the results for each of the 20 representative strains
tested from different agar plates.

On the whole, the BLT proved very accurate for the detection
of CAZ hydrolysis associated with CAZ nonsusceptibility, against
both routine P. aeruginosa isolates and those from this collection.
In addition to its high NVP, PPV, sensitivity, and specificity, the
BLT was easy to use and rapid to perform (about 30 min) with
colonies grown on any agar plate types, and interpretation of re-
sults was simple.

In nosocomial infections with Pseudomonas aeruginosa, multi-
drug resistance (including resistance to CAZ) usually results from
previous antibiotic selective pressure leading to chromosomal
AmpC cephalosporinase and/or efflux pump overexpression (12)
or from the acquisition of various transferable �-lactamases. Ac-
cording to our results, a negative BLT result accurately predicts in
vitro susceptibility of P. aeruginosa to CAZ and would allow the
continuation or initiation of treatment with this agent in case of
infection. Since, the BLT result can be obtained 24 h earlier than
the CAZ susceptibility results obtained by conventional methods,
its use could avoid the prescription of broad-spectrum agents such
as carbapenems for empirical treatment in infected patients.
However, the lower sensitivity in detecting VIM-type-producing
isolates has to be considered, especially during potential hospital
epidemic outbreaks and in geographical regions characterized by
high prevalence (13). A decrease in turnaround time for obtaining
laboratory susceptibility results could have a significant beneficial
impact on direct and indirect costs inherent in these infections
and may also possibly curb the rise of microbial resistance. Previ-
ously, Bouza et al. evaluated prospectively the impact of direct
Etest susceptibility testing on respiratory samples from patients
with suspected ventilator-associated pneumonia (14). Reporting
these early results was associated with substantial clinical benefits,
including fewer days of fever, decreased antibiotic use and dura-
tion of mechanical ventilation, less Clostridium difficile-associated
diarrhea, and lower cost of antimicrobial agents.

Molecular techniques, such as endpoint PCR (15, 16), real-
time PCR (17–19), or microarray technology (20), have also been
proposed as alternative methods for the prediction of bacterial
resistance. However, the molecular-based technologies require
specific equipment and trained personnel, and they do not allow
the detection of novel unidentified genes. On the other hand, the
BLT detects phenotypic hydrolysis of CAZ, resulting from the
expression of either acquired or constitutively overexpressed
�-lactamases. Furthermore, the BLT is a simple test that may be
easily implemented in routine laboratories, although local epide-
miological data should also be taken into account.

In conclusion, the BLT is a rapid, sensitive, and specific test
that may be implemented in any laboratory worldwide. The ther-
apeutic added value of this test should be evaluated in the clinical
field, particularly in the setting of life-threatening infections
caused by P. aeruginosa—for example, in intensive care unit pa-
tients. A negative BLT could guide physicians to prescribe CAZ in
such patients, ensuring an early appropriate empirical therapy and
also avoiding the unnecessary use of broad-spectrum antibiotics.
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