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The chromogenic BLACTA™ test was evaluated to detect ceftazidime resistance in P. aeruginosa isolates from
patients with cystic fibrosis. Best results were obtained after one hour of incubation with low sensitivity (64.1%),
high specificity (98.3%), and negative and positive predictive values of 80.3% and 96.2%, respectively.

Pseudomonas aeruginosa is a Gram-negative nonfermenting bacillus,
which commonly colonizes pulmonary airways of cystic fibrosis (CF)
patients (Elborn, 2016). This pathogen is associated with chronic in-
fections and acute pulmonary exacerbations, which result in high
morbidity and mortality rates in this population. P. aeruginosa is in-
trinsically multidrug resistant (MDR) due to its low membrane perme-
ability, multiple efflux pumps and the constitutive expression of a
chromosomally-encoded [-lactamase (Lister et al., 2009). These re-
sistance mechanisms are often deregulated in clinical isolates from CF
patients, resulting in high-level resistance to most antipseudomonal f-
lactams, including ceftazidime (Llanes et al., 2013; Tomas et al., 2010).
Selection pressure with broad-spectrum antibiotics is known to promote
the emergence of MDR isolates in CF patients (Giwercman et al., 1990;
Mouton et al., 1993; Spencker et al., 2003). Conventional antibiotic
susceptibility testing methods for Gram-negative bacilli provide results
in 16-20 h. A rapid detection of ceftazidime-susceptible P. aeruginosa
isolates on primary cultures could prove useful to spare broad-spectrum
antibiotics, including new antipseudomonal treatments such as ad-
ministration of the new cephalosporin ceftolozane or the ceftazidime-
avibactam combination, which would otherwise be administered as
empiric treatments (van Duin and Bonomo, 2016). This strategy could

reduce the risk of emergence of higher drug resistance levels by guiding
the use of ceftazidime alone as a first-line treatment (Carmeli et al.,
2011; El Amari et al., 2001; Paramythiotou et al., 2004).

The BLACTA Test (BLT) (Biorad, Marnes-la-Coquette, France) is a
rapid chromogenic assay, based on the hydrolysis of the third genera-
tion cephalosporin (3GC) HMRZ-86, which is structurally close to cef-
tazidime. It was initially developed for the rapid detection of resistance
to 3GC in Enterobacteriaceae (Renvoisé et al., 2013), but was also re-
ported to be reliable for the detection of resistance to ceftazidime in P.
aeruginosa (including acquired-p-lactamase-producing strains and
strains overproducing the AmpC chromosomal cephalosporinase)
(Laurent et al., 2013). However, testing of P. aeruginosa by the BLACTA
Test (BLT) remains an off-label use since it is only licensed to test iso-
lates of Enterobacteriaceae. The aim of this study was to evaluate the
performance of the BLT in detecting ceftazidime-resistance in P. aeru-
ginosa clinical isolates from CF patients. A rapid detection of ceftazi-
dime resistance would allow us to rapidly deescalate the empiric anti-
biotic treatment received by CF patients during acute pulmonary
exacerbations.

A total of 97 non-duplicate P. aeruginosa isolates from pulmonary
samples (including sputum samples, bronchial aspirates, and
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bronchoalveolar lavage fluids) of 80 CF patients were included in this
study. They were collected from four university hospitals in Paris,
France, and were immediately stored at —80°C before testing.
Nineteen isolates originated from children and 78 from adult patients.
Resistance to ceftazidime was assessed by the disk-diffusion method
using 10-ug ceftazidime disks according to the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) 2018 recommendations
(version 8.1) (http://www.eucast.org/clinical_breakpoints/). Mueller-
Hinton agar plates containing cloxacillin (1000 ug/mL) were used for
the detection of cephalosporinase overproduction as was previously
described (Berrazeg et al., 2015). All ceftazidime-resistant isolates were
screened for extended spectrum f3-lactamase (ESBL) production by the
double-disk synergy test (Laudy et al., 2017) using amoxicillin-clavu-
lanate, ceftazidime, cefepime and aztreonam on Mueller-Hinton agar
plates containing cloxacillin (1000 pg/mL). When resistance to cefta-
zidime was not related to the production of ESBL or to cephalosporinase
overproduction, screening for the production of carbapenemases was
performed using the Xpert® Carba-R molecular test (GeneXpert, Cep-
heid), which detects a large range of carbapenemase-encoding genes
(including blakpc, blaypwm, blaymy, blapyp.1, and blagxa.4g). An in-house
PCR assay was additionally performed to detect all blapp and blaymy
carbapenemase genes (data not shown). Moreover, the 3-CARBA Test,
which has previously shown a good performance in the detection of
carbapenemase activity in P. aeruginosa (Bernabeu et al., 2017), was
performed on all the strains with unidentified resistance mechanisms.

All isolates were removed from storage at —80 °C, subcultured on
Columbia agar plates supplemented with 5% horse blood (bioMérieux,
La Balme-les-Grottes, France), and incubated for 16-24 h at 35 °C. The
BLT was then performed on fresh colonies following the manufacturer's
instructions. Briefly, colonies were harvested with a 1-uL loop and
suspended in one drop of each of the R1 and R2 reagents of the BLT kit.
Results were reported by two independent readers after 5 min, 15 min,
30 min, 1h and 3h of incubation at room temperature and interpreted
as previously reported for P. aeruginosa (Laurent et al., 2013): yellow,
negative; orange/red: positive. In case of discrepancy between the
readings of the independent readers, or between the results from the
BLT and the disk diffusion method, both experiments were repeated
two more times to determine a majority result.

Disk diffusion showed ceftazidime resistance in 39 P. aeruginosa
isolates, with most strains (34/39, 87%) showing high-level resistance
(inhibition zone diameter = 6 mm). Resistance was due to over-
expressed cephalosporinase (18/39, 46%, ceftazidime susceptibility
was fully recovered using cloxacillin 1000 pg/mL), overexpressed ce-
phalosporinase combined with possible deregulated efflux pumps (12/
39, 31%, ceftazidime susceptibility was partially recovered using
cloxacillin 1000 pg/mL), ESBL (1/39, 3%) and unidentified resistance
mechanisms (8/39, 20%, ceftazidime susceptibility was not recovered
using cloxacillin 1000 pg/mL, or no bacterial growth was observed
using cloxacillin 1000 pg/mL). The full resistance phenotype to pB-lac-
tams of these last eight strains is detailed in Supplementary Table S1.
No carbapenemase was detected in any of the strains using molecular
methods coupled with the 3-CARBA Test.

The distribution of BLT results compared to disk diffusion suscept-
ibility testing is shown in Fig. 1. Detailed comprehensive results by each
independent reader are shown in Supplementary Table S2. The BLT
yielded positive results for up to 26/39 (66.7%) ceftazidime-resistant
strains (Table 1). Results remained negative for 57/58 (98.3%) cefta-
zidime-susceptible strains after a 3-h incubation (the BLT turned orange
after 30 min for the false positive result). Results of sensitivity and
specificity according to durations of incubation are reported in Table 2.
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The performance of the test was the best after an incubation of one hour
with sensitivity, specificity, negative predictive value (NPV), and po-
sitive predictive value (PPV) of 64.1%, 98.3%, 80.3%, and 96.2%, re-
spectively. This incubation is longer than stated in the manufacturer's
instructions (15min) and than previously used by Laurent et al.
(30 min) (Laurent et al., 2013). There was an additional positive result
for the ceftazidime-resistant strains after an incubation of 3h (26 for a
3-h incubation versus 25 for 1 h, Table 1). However, the global reading
of colorimetric changes was more difficult since after 3 h of incubation
the red color began to fade back to orange for several tests (11/25, data
not shown). Positive results obtained by the BLT were highly specific
for ceftazidime resistance, suggesting that this test might be useful to
exclude ceftazidime from empiric antibiotic therapy. However, this test
should not be used to detect ceftazidime resistance in clinical isolates of
P. aeruginosa since it generated an unacceptably high number of major
errors by identifying 35.9% of the tested ceftazidime-resistant isolates
as ceftazidime-susceptible.

No particular resistance profile was found to explain the lack of BLT
sensitivity for 14/39 (35.9%) strains, nor could colorimetric changes be
associated with any ceftazidime-resistance mechanism. Among these 14
strains, resistance to ceftazidime was associated with elevated AmpC
production (8/14, 57%) and elevated AmpC production combined with
probable deregulated efflux pumps (6/14, 43%). In comparison, cefta-
zidime-resistant strains yielding a positive BLT result showed over-
expressed cephalosporinase (6/25, 24%) and overexpressed cephalos-
porinase combined with probable deregulated efflux pumps (10/25,
40%), while ESBL production was found in only one strain (causing the
BLT to turn red in less than 15min). We could not identify with cer-
tainty the resistance mechanisms in the eight (32%) remaining strains.
No carbapenemase was found in the entire collection.

The BLT has previously shown high sensitivity and specificity in the
detection of resistance to 3GC in Enterobacteriaceae (Renvoisé et al.,
2013). However, its negative predictive value (NPV) decreased from
99% to 89% for the detection of a stable overproduction of AmpC in
Enterobacter spp. and Serratia spp. due to a lower affinity of this -
lactamase for HMRZ-86 (Hanaki et al., 2007; Renvoisé et al., 2013).
Moreover, the lack of sensitivity of the BLT for high-level active efflux
strains was previously suggested for one ceftazidime-resistant P. aeru-
ginosa isolate (Laurent et al., 2013). Ceftazidime resistance in P. aeru-
ginosa isolates from CF patients is mainly due to deregulated efflux
pumps and AmpC overproduction rather than the acquisition of ex-
trinsic B-lactamases (Llanes et al., 2013; Tomas et al., 2010); such re-
sistance mechanisms can also be found in collections of non-CF clinical
isolates (Castanheira et al., 2014). This could explain why the perfor-
mance of the BLT in our P. aeruginosa collection was poorer than that
suggested by Laurent et al., who reported sensitivity, specificity, NPV
and PPV of 95%, 87%, 99%, and 100%, respectively (Laurent et al.,
2013). When only considering the 18 strains overexpressing cephalos-
porinase in our study (characterized by a full recovery of the suscept-
ibility to ceftazidime by cloxacillin 1000 ug/mL), the sensitivity rate
was 55.6% (versus 94.7% as reported by Laurent et al. (Laurent et al.,
2013)).

In conclusion, the BLT colorimetric change (to orange or red) was
highly specific for ceftazidime resistance after one hour of incubation at
room temperature, for a collection of P. aeruginosa in which over-
expression of cephalosporinase and efflux pumps was predominant. The
high PPV of the BLT suggests that the test could be used to exclude
ceftazidime from empiric antibiotic treatment when the result is posi-
tive. However, a negative result cannot be relied upon to provide an
antibiotic treatment consisting of ceftazidime only to CF patients given
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Fig. 1. B LACTA Test results and distribution of ceftazidime (10 pg) inhibition zone diameters for 97 P. aeruginosa clinical isolates collected from cystic fibrosis
patients. Final colorimetric results (red, orange or yellow) were reported after 1-hour incubation at room temperature. The resistant and susceptible zones are defined
following the EUCAST 2018 clinical breakpoints. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this

article.)

Table 1
B LACTA Test results for 97 P. aeruginosa clinical isolates collected from cystic
fibrosis patients.

B LACTA Test result at:

5min 15min 30min 1h 3h

Ceftazidime-susceptible isolates Yellow 58 58 57 57 57
(n=158)* Orange 0 0 1 1 1
Red 0 0 0 0 0

Ceftazidime-resistant isolates Yellow 30 21 16 14 13

(n=39) Orange 4 9 7 4 15

Red 5 9 16 21 11

? Ceftazidime susceptibility was determined using the ceftazidime 10-pg disk
diffusion method as described in the EUCAST 2018 guidelines.

Table 2
Performance of the f LACTA Test at various incubation periods compared to
antibiotic susceptibility testing using the disk diffusion method.

15min 30 min 1h 3h
Sensitivity 46.2 59.0 64.1 66.7
Specificity 100.0 98.3 98.3 98.3
Negative predictive value 73.4 78.1 80.3 81.4
Positive predictive value 100.0 95.8 96.2 96.3

its low NPV in this context. This study has demonstrated that the BLT
should not be used to determine resistance to ceftazidime in clinical
isolates of P. aeruginosa.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
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References

Bernabeu, S., Dortet, L., Naas, T., 2017. Evaluation of the 3-CARBA™ test, a colorimetric
test for the rapid detection of carbapenemase activity in Gram-negative bacilli. J.
Antimicrob. Chemother. 72, 1646-1658.

Berrazeg, M., Jeannot, K., Ntsogo Enguéné, V.Y., Broutin, L., Loeffert, S., Fournier, D.,
Plésiat, P., 2015. Mutations in -lactamase AmpC increase resistance of Pseudomonas
aeruginosa isolates to antipseudomonal cephalosporins. Antimicrob. Agents
Chemother. 59, 6248-6255.

Carmeli, Y., Lidji, S.K., Shabtai, E., Navon-Venezia, S., Schwaber, M.J., 2011. The effects
of group 1 versus group 2 carbapenems on imipenem-resistant Pseudomonas aerugi-
nosa: an ecological study. Diagn. Microbiol. Infect. Dis. 70, 367-372.

Castanheira, M., Mills, J.C., Farrell, D.J., Jones, R.N., 2014. Mutation-driven p-lactam
resistance mechanisms among contemporary ceftazidime-nonsusceptible
Pseudomonas aeruginosa isolates from U.S. hospitals. Antimicrob. Agents Chemother.
58, 6844-6850.

van Duin, D., Bonomo, R.A., 2016. Ceftazidime/avibactam and ceftolozane/tazobactam:
second-generation -lactam/p-lactamase inhibitor combinations. Clin. Infect. Dis. 63,
234-241.

El Amari, E.B., Chamot, E., Auckenthaler, R., Pechére, J.C., Van Delden, C., 2001.
Influence of previous exposure to antibiotic therapy on the susceptibility pattern of
Pseudomonas aeruginosa bacteremic isolates. Clin. Infect. Dis. 33, 1859-1864.

Elborn, J.S., 2016. Cystic fibrosis. Lancet 388, 2519-2531.

Giwercman, B., Lambert, P.A., Rosdahl, V.T., Shand, G.H., Hgiby, N., 1990. Rapid
emergence of resistance in Pseudomonas aeruginosa in cystic fibrosis patients due to in-
vivo selection of stable partially derepressed beta-lactamase producing strains. J.
Antimicrob. Chemother. 26, 247-259.

Hanaki, H., Koide, Y., Yamazaki, H., Kubo, R., Nakano, T., Atsuda, K., Sunakawa, K.,
2007. Substrate specificity of HMRZ-86 for beta-lactamases, including extended-
spectrum beta-lactamases (ESBLs). J. Infect. Chemother. 13, 390-395.

Laudy, A.E., Rdg, P., Smolifiska-Krél, K., Cmiel, M., Stoczyriska, A., Patzer, J.,
Dzierzanowska, D., Wolinowska, R., Starosciak, B., Tyski, S., 2017. Prevalence of
ESBL-producing Pseudomonas aeruginosa isolates in Warsaw, Poland, detected by
various phenotypic and genotypic methods. PLoS One 12.

Laurent, T., Huang, T.D., Bogaerts, P., Glupczynski, Y., 2013. Evaluation of the BLACTA
test, a novel commercial chromogenic test for rapid detection of ceftazidime-non-
susceptible Pseudomonas aeruginosa isolates. J. Clin. Microbiol. 51, 1951-1954.

Lister, P.D., Wolter, D.J., Hanson, N.D., 2009. Antibacterial-resistant Pseudomonas aeru-
ginosa: clinical impact and complex regulation of chromosomally encoded resistance
mechanisms. Clin. Microbiol. Rev. 22, 582-610.

Llanes, C., Pourcel, C., Richardot, C., Plésiat, P., Fichant, G., Cavallo, J.-D., Mérens, A.,



P. Ract et al.

GERPA Study Group, 2013. Diversity of -lactam resistance mechanisms in cystic
fibrosis isolates of Pseudomonas aeruginosa: a French multicentre study. J. Antimicrob.
Chemother. 68, 1763-1771.

Mouton, J.W., Hollander, D., G, J., Horrevorts, A.M., 1993. Emergence of antibiotic re-
sistance amongst Pseudomonas aeruginosa isolates from patients with cystic fibrosis. J.
Antimicrob. Chemother. 31, 919-926.

Paramythiotou, E., Lucet, J.-C., Timsit, J.-F., Vanjak, D., Paugam-Burtz, C., Trouillet, J.-L.,
Belloc, S., Kassis, N., Karabinis, A., Andremont, A., 2004. Acquisition of multidrug-
resistant Pseudomonas aeruginosa in patients in intensive care units: role of antibiotics
with antipseudomonal activity. Clin. Infect. Dis. 38, 670-677.

Renvoisé, A., Decré, D., Amarsy-Guerle, R., Huang, T.D., Jost, C., Podglajen, 1., Raskine,

24

Journal of Microbiological Methods 158 (2019) 21-24

L., Genel, N., Bogaerts, P., Jarlier, V., Arlet, G., 2013. Evaluation of the Lacta test, a
rapid test detecting resistance to third-generation cephalosporins in clinical strains of
Enterobacteriaceae. J. Clin. Microbiol. 51, 4012-4017.

Spencker, F.B., Staber, L., Lietz, T., Schille, R., Rodloff, A.C., 2003. Development of re-
sistance in Pseudomonas aeruginosa obtained from patients with cystic fibrosis at
different times. Clin. Microbiol. Infect. 9, 370-379.

Tomas, M., Doumith, M., Warner, M., Turton, J.F., Beceiro, A., Bou, G., Livermore, D.M.,
Woodford, N., 2010. Efflux pumps, OprD porin, AmpC beta-lactamase, and multi-
resistance in Pseudomonas aeruginosa isolates from cystic fibrosis patients.
Antimicrob. Agents Chemother. 54, 2219-2224.



