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ABSTRACT

Introduction. Delay in appropriate treatment in patients

with bacteraemia can increase morbidity, mortality, and

health expenditures. We compared the Rapid Direct Test

(RDT) designed to detect ESBL producing gram negative bac

teria (GNB) directly from positive blood cultures bottles, with

two conventional ESBL detection tests: Screening and Confir

matory Disk Diffusion Assay (SC DDA) and an MIC Screen

ing and ESBL E test (MIC/ET). Material and methods.

We screened all blood cultures in a tertiary care facility from

August to December 2005. We only included one positive bot

tle per patient in which GNB were observed. RDT: Blood from

each bottle was inoculated on Mueller Hinton agar. Ceftazi

dime and cefotaxime disks with and without clavulanic acid

were added and incubated at 35 ºC ± 2 ºC for 24 h. Results

were interpreted according to CLSI recommendations for the

SC DDA and MIC/ET. All methods were performed simulta

neously. Time for reporting as an ESBL producer and cost of

the tests were recorded. Results. We isolated 124 GNB in 114

episodes of bacteraemia, 10 of them (8.8%) polymicrobial; 79

(63.7%) of the GNB were enteric bacteria, 44 (35.5%) glucose

non fermenter GNB and one Haemophilus influenzae. The

most common microorganism was Escherichia coli in 56 epi

sodes (45.2%), followed by Pseudomonas aeruginosa in 24

(19.3%), and Klebsiella pneumoniae in 13 (10.5%). Of the 114

episodes, 41 (36%) had at least one GNB resistant to 3rd gen

eration cephalosporins, and 25 (21.9%) were caused by an

ESBL producing GNB. Sensitivity, specificity, positive predic

tive value (PPV) and negative predictive value (NPV) for the

RDT were 96%, 98.9%, 96% and 98.9%, respectively. Agree

ment by kappa index between RDT and SC DDA was 0.95 and

between the RDT and MIC/ET was 0.92. The RDT detected 24/

Detección rápida de los bacilos

gramnegativos productores de BLEE aislados

de sangre: un método razonable y confiable

para países de recursos bajos e intermedios

RESUMEN

Introducción. El retraso en la administración del tratamien

to adecuado en los pacientes con bacteriemia puede aumentar

la morbilidad, la mortalidad y los costos en el cuidado médico.

Comparamos la prueba directa y rápida (PDR) diseñada para

detectar bacilos gramnegativos (BGN) productores de beta

lactamasas de espectro extendido (BGN BLEE) directamente

de los frascos de hemocultivo positivos, con dos métodos con

vencionales para la detección de BGN BLEE: el método de di

fusión de disco para escrutinio/confirmación (SC DDA) y el

método de escrutinio por microdilución y confirmación por

prueba E (MIC/ET). Material y métodos. Incluimos todos

los hemocultivos tomados en un hospital de tercer nivel entre

agosto y diciembre de 2005. Incluimos un frasco positivo a

BGN por paciente. La PDR se realizó con un inóculo de 0.2 mL

de cada frasco de hemocultivo; se sembró en agar Mueller

Hinton; se agregaron discos de ceftazidima y cefotaxima, con

y sin ácido clavulánico y se incubó a 35 ºC ± 2 ºC durante 24

hrs. Los resultados fueron interpretados de acuerdo con

las recomendaciones de CLSI (SC DDA y MIC/ET). Todas las

pruebas fueron realizadas simultáneamente y se analizaron el

tiempo de ejecución y los costos de cada prueba. Resultados.

Identificamos 124 BGN de 114 episodios de bacteriemia, 10 de

ellos (8.8%) polimicrobianos; 79 (63.7%) de los BGN fueron

enterobacterias, 44 (35.5%) BGN no fementadores de glucosa

y un Haemophilus influenzae. El microorganismo más fre

cuente fue Escherichia coli en 56 episodios (45.2%), seguido

† Preliminary results of this study were presented at the 44th Annual Meeting of IDSA, Toronto, Ontario, Canada. October 12-15, 2006.
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INTRODUCTION

Bacterial resistance to β-lactam antibiotics is an

increasing problem worldwide. Extended spectrum

β-lactamases (ESBL), enzymes capable of hydro-

lyzing third generation cephalosporins and mono-

bactams, have disseminated worldwide since their

first description in 1985.1 Currently, over 130

TEM-type and more than 50 SHV-type β-lactama-

ses have been identified, and recently, a new CTX-

M type β-lactamase has been described. They have

been predominantly detected in Escherichia coli,

Klebsiella pneumoniae, and Proteus mirabilis,2 but

they may occur in other enteric bacteria and in

some non-enteric organisms, such as Acinetobacter

species.3,4

The incidence of ESBL-producing enteric bacteria

varies among different geographical regions. Accor-

ding to antimicrobial resistance surveillance studies

such as the SENTRY5 and the MYSTIC,6 the highe-

st rate of ESBL-producing K. pneumoniae was ob-

served in South America and Eastern Europe

(45-50%), whereas in North America the incidence

was only about 8%. E. coli behaves similarly with

incidences of 30% and 20% in Eastern Europe and

South America, and 7% in North America. In Mexi-

co, ESBL-producing K. pneumoniae has been repor-

ted in outbreaks within neonatal intensive care

units.7,8 Our group has recently reported an inter-

mediate prevalence of ESBL-producing K. pneumo-

niae in cases of bacteraemia (14%) during a long

period (1993-2002) and even lower than previously

reported in Latin America. Bacteraemia caused by

ESBL-producing K. pneumoniae was not associated

with a worse clinical outcome and we were able to

identify a plasmid-mediated horizontal dissemination

during the study period.9

The current recommendations of the Clinical and

Laboratory Standards Institute (CLSI) for the de-

tection of bloodstream ESBL-producing organisms

require: a subculture in solid media until a pure iso-

late is obtained, a screening susceptibility and a con-

firmatory ESBL detection test, and three to four

days to deliver a final report following the current

standard recommendations.10 Additionally, many cli-

nical laboratories have problems detecting ESBL-

mediated resistance, especially in low resource

settings.

Since delay in appropriate antimicrobial treat-

ment in patients with bloodstream infections can re-

sult in increased morbidity, mortality and health

cost,11,12 a low-cost and rapid detection test of

ESBL-producing enteric bacteria could help to dimi-

nish risks derived from suboptimal therapy and

length of hospitalization, and eventually might help

to contain costs of health care.

Recently, Navon-Venezia, et al.13 described a me-

thod, which allowed the early and accurate detec-

tion of ESBL-producing gram-negative bacteria in

blood cultures 24 h after growth was detected. The

aim of this report is to describe the performance of a

rapid protocol for ESBL-detection, following the one

described by Navon-Venezia, but sparing the time

taken to observe macroscopic growth on culture me-

dia, after inoculating directly from blood cultures

that automated systems detected as positive and

with a positive identification of a gram-negative ba-

cillus (GNB) upon smear examination. This proto-

por Pseudomonas aeruginosa en 24 (19.3%) y Klebsiella

pneumoniae en 13 (10.5%). De los 114 episodios de bacterie

mia, 41 (36%) tuvieron cuando menos un BGN resistente a

cefalosporinas de 3a generación y 25 (21.9%) fueron ocasiona

dos por un BGN BLEE. La PDR tuvo sensibilidad, especifici

dad, valor predictivo positivo y negativo de 96%, 98.9%, 96% y

98.9%, respectivamente. El índice de concordancia entre PDR

y SC DDA fue de 0.95 y entre PDR y MIC/ET de 0.92. La PDR

detectó 24/25 BGN BLEE. La mediana de tiempo para detec

tar un BGN BLEE a partir de la señal positiva en la consola

de hemocultivos fue de 1.02 ± 0.19 días con PDR y de 3.40 ±

0.59 días con cualquiera de los otros métodos. La diferencia

en el reporte del resultado positivo de una BGN BLEE fue de

2.38 ± 0.63 días (p < 0.0001). El costo estimado para PDR fue

de $1.54 dólares estadounidenses, de $2.32 para SC DDA, y

$49.65 para MIC/ET. Conclusiones. El método de escrutinio

para detección de BGN BLEE (PDR) fue rápido, confiable, de

fácil ejecución y de costo menor que los métodos estándar.

Palabras clave. Bacteriemia. Bacilo gramnegativo. Detec

ción de BLEE. Métodos rápidos.

25 ESBL producing bacteria. The mean time to detect an iso

late as an ESBL producer after a positive blood culture bottle

signal was 1.02 ± 0.19 days when using the RDT, and 3.40 ±

0.59 days when using any other method. The difference in re

porting time was 2.38 ± 0.63 days (p < 0.0001). Our estimat

ed cost per test was $1.54 for RDT, $2.32 for screening/

confirmatory SC DDA, and $49.65 for MIC screening and

MIC/ET. Conclusions. The RDT is a rapid, reliable and easy

analysis to perform, as well as cost effective.

Key words. Bacteraemia. Gram negative rods. ESBL detec

tion. Rapid methods.
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col was then compared with two other tests current-

ly recommended for ESBL-detection to assess the

impact on reporting time and to compare the cost of

this new method with our standard laboratory pro-

cedures. Our results show that this protocol is com-

parable to conventional methods but it has a clear

impact on the time of detection and cost of the pro-

cedure.

MATERIAL AND METHODS

Setting

This prospective study was conducted in a 200-

bed tertiary-care centre in Mexico City. All consecu-

tive blood culture bottles obtained during a 5-month

period (August to December 2005) were included for

evaluation. The study was reviewed and approved by

the Institutional Review Board.

Microbiological methods

Blood culture bottles were incubated in the BAC-

TEC 9240 automated system (Becton Dickinson,

Cockesville, MD, USA). We included all samples in

which GNB were observed in the Gram stain, and

excluded those with gram-positive organisms. The fi-

nal identification of each blood isolate was determi-

ned by the VITEK system (bioMérieux, Lyon,

France) using the VITEK GNI+ card (bioMérieux

Inc., Durham, NC, USA); antimicrobial susceptibili-

ty was tested using the VITEK GNS-604 card (bio-

Mérieux Inc., Durham) and confirmed by an

in-house MIC determination, using broth microdilu-

tion following CLSI guidelines for MIC determi-

nation, which is the standard practice at our

laboratory. The latter was considered the gold stan-

dard for susceptibility testing. An isolate was consi-

dered resistant to 3rd generation cephalosporins

according to the MIC value (≥ 8 μg/mL for ceftazidi-

me or cefotaxime) and/or when it was an ESBL-pro-

ducer.

ESBL detection

• Rapid Direct Test (RDT). Upon detection of

a growth signal from the BACTEC system, and

after its identification as an GNB by the Gram

stain, 0.2 mL aliquots from the positive blood

culture bottle mixture were inoculated into two

Mueller-Hinton (MH) agar (Becton Dickinson)

plates, as previously described.13,14 Four disks

(Becton Dickinson, Le Ponte de Claix, France)

were used: ceftazidime (CAZ) (30 μg), cefotaxime

(CTX) (30 μg), ceftazidime with clavulanic acid

(CAZ/CLA) (30/10 μg) and cefotaxime with cla-

vulanic acid (CTX/CLA) (30/10 μg). Plates were

incubated at 35 ºC + 2 ºC for 18 hr. Results

were interpreted as positive for ESBL produc-

tion if the zone of growth inhibition for either

antimicrobial agent tested in combination with

CLA was ³ 5 mm than the zone of inhibition

when the antimicrobial was tested without CLA;

according to CLSI recommendations for the

DDA.

• Screening and Confirmatory Disk Diffu-
sion Assay (SC-DDA). Isolated colonies from

an overnight agar plate were used for standard

identification and susceptibility testing. Simulta-

neously a screening ESBL test using a standard

DDA, with disks containing CAZ and CTX

was performed. Isolates that were either, E. coli,

Klebsiella sp., or Proteus sp, and that were con-

sidered suspicious of ESBL production according

to CLSI guidelines, were then retested. Confirma-

tory testing required the use of both CAZ and

CTX disks, alone and in combination with 10 μg

of CLA. Plates were incubated at 35 ºC ± 2 ºC for

18 hr. Results were interpreted according to

CLSI recommendations.10,15

• MIC Screening and ESBL E Test (MIC/ET).
Isolated colonies from an overnight agar plate

were used for identification and susceptibility tes-

ting. Simultaneously susceptibility testing using

broth micro-dilution for MIC determination, whi-

ch is routinely done on blood isolates in our labo-

ratory, was carried out. Those isolates with a

MIC ≥ 1 μg/mL for CAZ and/or cefotaxime were

considered suspicious of ESBL production and

confirmed with two E test ESBL strips (AB Bio-

disk, Solna, Sweden); one strip contained CAZ

and CAZ with CLA, and the other CTX and CTX

with CLA. Plates were incubated at 35 ºC ± 2 ºC

for 18 hr. The test was considered positive for

ESBL production when the MIC for CTX was ≥

0.5 μg/mL and the ratio of CTX/CTX-CLA was ≥ 8

and/or when the MIC for CAZ was ≥ 1 μg/mL and

the ratio of CAZ/CAZ-CLA was ≥ 8. If the MIC

for CTX and CAZ alone and with CLA were all

greater than the highest concentrations on the E

test strips, or if the MIC for one of the drugs set

were both greater than the highest concentration

on the E test strip and the other drugs set was

negative, the ESBL results were considered non

determinable.16,17 All interpretations were done

according to the package insert.
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E. coli ATCC 25922 and K. pneumoniae ATCC

700603 were used as negative and positive controls,

respectively, for ESBL production for all methods.

Whenever there was a discordant result between the

comparison methods, the E-test and the DDA were

repeated. A bloodstream isolate was considered an

ESBL-producer whenever the two tests (SC-DDA

and MIC/ET) confirmed its presence. Time to repor-

ting was recorded.

Cost evaluation

The cost of each test was estimated using the pri-

ces listed in the clinical microbiology laboratory of

our institution and reported in US dollars. We esti-

mated the cost of the tests needed to detect one

blood culture with ESBL-producing GNB.

Statistical analysis

To calculate the sensitivity, specificity, positive

and negative predictive values and for each method, a

blood culture was considered to have ESBL produ-

cing organisms, whenever the E-test confirmed its

presence; it was considered resistant to 3rd genera-

tion cephalosporins when it was according to the

MIC value and/or when it was an ESBL producer. Di-

fferences between sensitivity, specificity, positive and

negative predictive values were determined using the

χ2 test. The Cohen-kappa index was used to determi-

ne the agreement between the RDT and the other two

methods. Time to detection of an ESBL producer was

tested with the Wilcoxon Signed Rank Test. Values of

p < 0.05 were considered as significant.

RESULTS

During the study period, 3,219 bottles of blood cul-

tures (643.8 per month) were sent to the laboratory;

420 (13.0%) gave a positive signal. By Gram stain,

growth of a GNB was observed in 246 (58.6%), a

gram-positive bacteria (GPB) in 141 (33.6%), both,

GPB and GNB, in seven (1.7%), a yeast or mould in

14 (3.3%), a yeast and GNB in four (1.0%), and

mycobacteria in eight (1.9%). Those 246 bottles, whi-

ch exclusively grew GNB, belonged to 114 patients,

and we included only one bottle per patient for fur-

ther analysis. Of the 114 episodes of GNB bacterae-

mia, 10 (8.8%) were polymicrobial and 104 (91.2%)

were monomicrobial, in which we isolated 124 GNB:

79 (63.7%) enteric bacteria, 44 (35.5%) glucose non-

fermenter GNB, and one Haemophilus influenzae,

which was excluded from the analysis. The most

common microorganism isolated was E. coli in 56

episodes (45.2%), followed by Pseudomonas aerugino-

sa in 24 (19.3%) and K. pneumoniae in 13 (10.5%). Of

the 114 episodes of bacteraemia, 41 (36%) had at

least one GNB resistant to 3rd generation cephalos-

porins and 25 (21.9%) were caused by an ESBL-pro-

ducing GNB (Table 1).

The sensitivity, the specificity, the positive predic-

tive value and the negative predictive value for detec-

ting an ESBL-producing GNB using the RDT were

96%, 98.9%, 96% and 98.9%, respectively. No statisti-

cal difference was found when compared to the other

two methods (Table 2). The agreement between RDT

and SC-DDA was 0.95 and between the RDT and

MIC/ET was 0.92. The RDT effectively detected 24/25

episodes of ESBL-producing GNB bacteraemia. The

Table 1. Proportion of ESBL producer and/or 3rd generation cephalosporin resistant gram-negative bacteria among patients in this study.

Total ESBL-producer Resistant to 3rd generation
n (%) n (%) cephalosporins n (%)

Patients with bacteraemia due to GNB* 114 25 (21.9) 41 (36)
Monomicrobial 104 (91.2) – –
Polymicrobial† 10 (8.8) – –

Gram-negative rods isolated 124 26 (21) 41 (33.1)
Escherichia coli 56 (45.2) 22/56 (39.3) 24/56 (42 9)
Klebsiella pneumoniae 13 (10.5) 3/13 (23.1) 3/13 (23.1)
Other glucose-fermenters‡ 10 (8.1) 1/10 (10) 2/10 (20)
Pseudomonas aeruginosa 24 (19.3) 0/24 9/24 (37.5)
Other non-fermenters§ 20 (16.1) 0/20 3/20 (15)
Haemophilus influenzae 1 (0.8) 0/1 0/1

* GNB: Gram-negative bacteria. † Each one of the episodes of polymicrobial bacteraemia had two different GNB, which accounts for the 124 gram-negative rods
isolated. ‡ Other gram-negative bacteria: Enterobacter cloacae, Klebsiella oxytoca, Salmonella sp., Serratia marcescens, Proteus mirabilis, Aeromonas sp. § Other
glucose non-fermenters GNB: Acinetobacter sp., Pseudomonas sp., Stenotrophomonas maltophilia, Achromobacter sp., Burkholderia sp., Ralstonia sp.
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only bacteraemia not identified as an ESBL-producer

was a polymicrobial episode (P. aeruginosa and Se-

rratia marcescens), in which P. aeruginosa was resis-

tant to 3rd generation cephalosporins and S.

marcescens was an ESBL-producer; this blood cultu-

re was reported as resistant to 3rd generation cepha-

losporins. When using the RDT for the detection of

resistance to 3rd generation cephalosporins, the test

correctly identified 41/41 episodes of bacteraemia with

resistant GNB; there were nine false positive and no

false negative results. The sensitivity, specificity, po-

sitive and negative predictive values for detecting re-

sistance to 3rd generation cephalosporins using the

RDT were 100%, 87.5%, 82.0% and 100%, respective-

ly (Table 2). The agreement between the RDT and

SC-DDA was 0.76 and between the RDT and MIC/ET

was 0.82, respectively.

The mean time to detection of a clinical isolate

that produced an ESBL after the blood culture bott-

le signalled as positive was 1.02 ± 0.19 days when

using the RDT, and 3.40 ± 0.59 days when using

any of the other two methods. The difference in time

to detection was 2.38 ± 0.63 days (p < 0.0001). The

estimated cost per test for the RDT was $1.54, for

SC-DDA was $2.32 and for MIC/ET was $49.65. The

cost per ESBL detected or cost-effectiveness

(the cost of the total number of tests needed to

detect one ESBL was $7.43 for the RDT, $5.80 for

SC-DDA and $199.22 for MIC/ET (p < 0.0001).

DISCUSSION

In this study we evaluated the usefulness of a ra-

pid direct test for the detection of ESBL-producing

microorganisms, its impact on time of detection and

on cost. Several features of the current study are

worthy of note. First, the sensitivity, the specificity,

the positive and the negative predictive values of the

RDT are comparable to the disk diffusion assay cu-

rrently recommended by the CLSI guidelines for de-

tection of ESBLs, and to the ESBL MIC/ET, which

has been extensively validated for this purpose.16,18

Second, this method allowed us to detect resistance

to 3rd generation cephalosporins even in cases of

polymicrobial infections, such as the mixed bacte-

raemia caused by P. aeruginosa and S. marcescens.

It can be argued that this was an error of detection

of an ESBL-producer in our hands, however, the

majority of the authors conclude that the significan-

ce of this result is marginal and minor,14,19 if detec-

tion of the phenotypic trait (resistance to 3rd

generation cephalosporins) was accomplished. In

fact, we considered them in this way since they

would not have had a major impact on the treat-

ment of this patient. On the other hand, we did have

one false positive result which turned out to be an

infection caused by an K. oxytoca isolate; it was ini-

tially interpreted as an ESBL-producer with the

CTX disks with the RDT, and as a non-producer

with the CAZ disks, the SC-DDA and the MIC/ET.

This result can be explained by several well-descri-

bed mechanisms, such as a denser innoculum or a

different substrate by a particular ESBL. However,

we do not feel this is relevant in our setting.

Navon-Venezia, et al.14 reported sensitivity, speci-

ficity, PPV and NPV of 100%, 98%, 94%, 100%, res-

pectively, but they excluded from the study all

episodes of polymicrobial bacteraemia. Of all the epi-

sodes of bacteraemia included in this study, 8.8%

were polymicrobial; for the RDT to be a useful

screening tool in routine clinical practice, it is im-

portant to show its performance even in the face of

Table 2. Performance of three ESBL detection methods and resistance detection in gram-negative bacteria isolated from blood cultures.

Sensitivity Specificity PPV NPV
% (IC 95%) % (IC 95%) % (IC 95%) % (IC 95%)

ESBL+† (25/113)
RDT* 96 (80-99.8) 98.9 (93.8-99 9) 96 (80.5-99.8) 98.9 (93.9-99.9)
SC-DDA 100 (84.1-100.0) 100 (94.8-100.0) 100 (84.1-100.0) 100 (94.8-100.0)
MIC/ET 96 (78.4-98.7) 100 (94.8-99.9) 100 (83.4-99.8) 98.9 (93-99.6)

Resistance to 3rd generation cephalosporins‡ (41/113)
RDT 100 (89.3-100.0) 87.5 (77.4-92 9) 82.0 (68.6-89.7) 100 (92.9-99.9)
SC-DDA 92.7 (80.6-97.5) 98.6 (92.5-99 9) 97.4 (86.8-99.9) 95 9 (88.7-98.6)
MIC/ET 97.5 (85.6-99.2) 100 (93.8-100.0) 100 (89.3-100.0) 98.6 (91.7-99.5)

* RDT: Rapid Direct Tests. SC-DDA: Screening and Confirmatory Disk Diffusion Assay. MIC/ET: MIC Screening and ESBL E-test. † No statistical differences
were found between the three test concerning ESBL detection. ‡ Concerning resistance to 3rd generation cephalosporins there was a significant statistical di-
fference between the three methods when comparing the sensitivity, specificity and PPV.
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polymicrobial bloodstream infections. When evalua-

ting the performance of the SC-DDA, all cases of

ESBL-producing GNB were correctly identified.

With the MIC/ET, which included MIC screening

and an ESBL E-test, we had one false negative re-

sult; this isolate was an E. coli that had an MIC <

2 for CAZ and CTX. According to CLSI recommen-

dations the isolate would not have been considered

suspicious of ESBL production and would have been

reported as susceptible to 3rd generation cephalos-

porins and not as a truly ESBL-producer. It is wor-

th mentioning that all discordant results were

subject to an ESBL E-test and all isolates were co-

rrectly identified as ESBL-producers by this test. We

found an almost perfect agreement between the RDT

and the other two methods, which suggests that the

use of this test could be equivalent in detecting

ESBL production.

Previous studies have shown the importance of a

prompt and adequate antimicrobial therapy in diffe-

rent patients, hospital settings and co-morbid conditio-

ns, especially in infections caused by ESBL-producing

organisms.11,12,20,21 The impact on morbidity, length of

hospital stay and mortality are clear, therefore, every

effort should be made to initiate adequate antimicrobial

treatment in a timely manner and this could be ac-

complished by reducing the detection time of an ESBL-

producer GNB. Current CLSI recommended methods,

although sensitive and specific, are time consuming

and may delay appropriate antimicrobial treatment.

When evaluating the capacity of the RDT to de-

tect isolates resistant to 3rd generation cephalospo-

rins, it correctly identified 100% of the resistant

isolates. Although the agreement for detecting resis-

tance to 3rd generation cephalosporins was lower

than for detecting ESBL production, and its specifi-

city was not as good (nine false positives), we consi-

der this a minor problem, since we are currently

proposing this method only for triage. As expected,

the other tests had a very high specificity since they

are standard tests to determine antimicrobial sus-

ceptibility.

In relation to the cost of each test, the RDT and

the SC-DDA are similar; both are inexpensive

and easy to perform. The MIC/ET is also easy to

perform but it substantially adds up to the price of

the test. In relation to cost-effectiveness, the price

of the RDT is slightly higher than the combination of

the screening and confirmatory SC-DDA, since the

RDT had to be performed in all blood cultures which

demonstrated GNB. The other two confirmatory

tests were only performed on those GNB that could

be expected to be ESBL-producers. Even with this

setback, the RDT effectively identified ESBL-produc-

tion 2.4 days sooner than the other two tests. Based

on previous studies in which mortality in patients

with bacteraemia is directly related to the timing of

appropriate treatment administration, being signifi-

cantly higher in those who did not receive an ade-

quate treatment during the first 48 hours of

bacteraemia,11,12,20,22 we believe that the RDT may

have a great impact on reduction of morbidity, mor-

tality and length of hospital stay.

In conclusion, the RDT is an inexpensive test,

easy to perform, and can be added as a routine

screening procedure in laboratory practice in medi-

cal institutions located in countries where there is a

high incidence of ESBL-producing GNB and limited

economic and technologic resources.23-26
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