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Abstract

ESBLs (extended-spectrum R-lactamases) are enzymes produEedebgbacteriaceaeespecially
Klebsiella pneumonigewhich mediate resistance to extended-spectrum R-lactams and aztreonam.
Considering the importance of detecting ESBLs producing strains, in this sgudy} screening and
confirmatory assays were compared. One hundred and seven stidirmelimoniagisolated from

patients with urinary tract infection, were screened for ESBLs production according to NCCLS 2005
guidelines, using broth microdilution in the Microscaalkdway (Dade Behering) and Kirby-Bauer disk
diffusion (KBD) test. Fifty-five strains selected as possible ESBL producers (51,4%), were submitted to
confirmatory assays: E-test, double disk (DD) approximation and clavulanic acid (CA) association. Production
of ESBLs was detected by the five methods used in 38 (69%) strains and 10 (18,2%) were negative only in DD.
Seven strains (12,7%) did not present suggestive breakpoints in the Micradkawady and were negative

in the DD test, whereas the KBD values for the same strains obtained were indicative of ESBLs production.
These results suggest that the combination of KBD breakpoints determination and CA association can be
used as an efficient, alternative and less expensive system than the E-test.
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Resumo

BLEAs (3-lactamases de espectro estendido) sao enzimas produzidas por varias espécies de
EnterobacteriaceaeprincipalmenteKlebsiella pneumonigeas quais conferem resisténcia aos R3-
lactamicos de espectro ampliado e aztreonam. Considerando a importancia da deteccdo de BLEAS, neste
estudo foram comparados métodos de triagem e de confirmacao. As 107 amdstasedenoniae,

isoladas de pacientes com infecc¢ao urinaria foram triadas quanto a producao de BLEAs, segundo normas
do NCCLS 2005, utilizando microdiluicio em caldo no Microscatkdvay e teste de disco difuséo de
Kirby-Bauer (KBD). As 55 cepas selecionadas foram submetidas a ensaios de confirmagéo como possiveis
produtoras de BLEAs (51,4%): E-test, aproximagédo com discos duplos (DD) e associagédo com acido
clavulanico (CA). A producao de BLEAs foi detectada pelos cinco métodos em 38 (69%) amostras e 10
amostras (18,2%) foram negativas para o teste DD. Sete amostras (12,7%) ndo apresentaram valores
sugestivos no método automatizado e também foram negativos no teste de DD, mas os valores dos halos
no teste de KBD foram indicativos da producédo de BLEAs. Estes resultados sugerem que o uso combinado
do método KBD e associagdo com CA podem ser utilizados como um sistema alternativo eficiente e
menos dispendioso que o E-test.

Palavras-chaveK.pneumoniaeBeta-lactamases de espectro ampliado (BLEAS). Triagem.
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Introduction National Committee for Clinical Laboratory
g%andards (NCCLS, 2005); double disk approximation

(ESBLSs) is one of the most important mechanisn‘ESt (JARLIER et al., 1988); combined disk method

of resistance to third-generation cephalosporin(gACOBY; HAN_’ 1996; BABIC et al., 2006), and
amongEnteiobacteriaceag especiallyKlebsiella E-test ESBL strips (CORMICAN et al., 1996). Each

pneumoniaeBacteria producing ESBL, frequentlymethod presents disadvantages as already described

present resistance to others classes of antibiotigg, different author§ ((,:ORMICAN et al., 1996;
resulting in difficult-to-treat infections BROWN et al, 2000; M'ZALI et al., 2000).

(MACKENZIE et al., 2002; STURENBURG; Therefore, this study attempts to compare the use
MACK, 2003). As outbreaks of nosocomial infection®f breakpoints in broth microdilution (Microscan
due to strains oKlebsiellaESBL producing occur Walkaway) and the Kirby-Bauer disk filiion test
worldwide in intensive care units, the identificatioKBD), as well as Double disk approximation test
of such strains is desirable so that infection contr@DD), clavulanic acid association test (CA), and E-
measures can be investigated and applidds(¥et test strips for detecting ESBL producing among 55
al., 2000; SINVA et al., 2001; BRREL et al., 2003; strains ofK. pneumoniagselected from 107 strains
TZELEPI et al., 2003; COLODNER et al., 2004jsolated from patients with urinary tract infection.
VILLEGAS et al., 2004; HERNANDEZ et al.,

2005). Risk factors associated with ESBL production

include: prolonged hospital or intensive care unit staly!aterials and Methods

prior hospitalization (BISSON et al., 2002), multipleBacterial strains

courses of antimicrobial therapy particularly
extended-spectrum cephalosporin (LUCET et al

1996: LAUTENBACH et al., 2001). Additional risks S0 2rcd from urinary tract infection, ata University
. . . . ospital in the city of Londrina, were studied. Strains
involve: indwelling devices as central venous an

. ere initially identified with Microscan Wkawa
urinary catheters (LUCET et al., 1996; KIM et aI.W iniaty | med wi ! way

- . : . ... (Dade Behring, Sacramento, USA), followed by
2002); intubation and assisted mechanical Ventllatl(%:%nfirmation with API 20E (Bio-Merieux, Marcy

LIN et al., 2003) and severe underlying disease ) . . . .
( ) vere u ying d ?Etoﬂe, France), and stored in brain heart infusion (BHI)

malignancy and heart failure (HO et al, 2002). Thgroth +20% glicerol at —2C. Among these isolates,

degree of resistance to third-generatio . .
g g gS strains were selected by the resistance phenotypes

cephalosporins can be highly variable. While some . .
, resented, suggesting resistance to 3-lactams and other
ESBLs confer frank resistance to expanded-

. . classes of antimicrobial agerks.pneumoniadTCC
spectrum cephalosporins, many isolates when tes

. , i ) 0603 was used as a positive control Fesherichia
in laboratory may present intermediate resistance or. .
. coli HB 101 as a negative control.
they are susceptible to one or more of these
antimicrobials, despite the carriage of ESBL genes.
Therefore, considering the increase of ESBhgiection of ESBL pducing strains
producing strains, the routine clinical microbiology )
laboratories should choose sensitive and preci%eESBL screening was performed by
detection methods for this purpose (STURENBURGI) Broth microdilution: according to the

MACK, 2003). manufacture’s recommendations commercial
Several screenings for the presence of ESBIgfhydrated panels neg/urine combo type 3 (NUC 3)

have been suggested: modified breakpoints fBFOVided by Microscan Wlkaway (Dade Behr.ing, _
standard methods of susceptibility testing by th@acramento, USA) was used. Results obtained in

Production of extended-spectrum R-lactamas

A collection of 107K. pneumoniaestrains
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screening breakpoints were considered accordingléactam disk and disk containing antibiotic associated
NCCLS, 2005, ESBL as: for cefpodoxime MC with clavulanic acid was 5mm.

8 ug/mL and for ceftazidime, aztreonam andc) ESBL E-test strips(AB Biodisk, Solna, Sweden)
cefotaxime MIC2 2 ug/mL. (CORMICAN et al., 1996): the strips carry two
b) Kirby-Bauer disk diffusion (KBD) test: by antibiotic gradients: ceftazidime (0,5 ajg#ml), and
using Mueller-Hinton agar (BBL Microbiology ceftazidime with clavulanic acid (0,064 tpg/mL).
Systems, Cockeysville, USA); diminished zones ofhe E-test method was carried out according to
inhibition around third-generation 3-lactam disks wemnmanufacturéess instructions. Colonies from 18-24h
considered suggestive of ESBL productionculture, in Mac Conkey Agawere emulsified in
According to NCCLS (2005) the following antibioticssterile, normal saline to an inoculum turbidity
3-lactams and zone diameters indicative of resistanequivalent to a 0,5 McFarland standard. This
were used to indicate ESBL production: cefpodoximsuspension was swabbed onto a Mueller-Hinton Agar
< 17 mm (30pg) (Oxoid, Basingstoke, UK); (BBL Microbiology Systems, Cockeysville, USA)
cefotaxime (3Qug) (Oxoid, Basingstoke, UK) and plate and it was allowed to dry for 10-15min at room
aztreonanx 27 mm (3Qug) (Bristol-Myers Squibb, temperature. An ESBL E-test strip was then applied
Séao Paulo, Brasil); ceftazidime 22mm (30ug) to each plate with sterile forceps and the plate was
(Oxoid, Basingstoke, UK). incubated at 3T for 18h. After incubation, the MICs
were read according to the manufactigguidelines
and the ratio determined. A MIC rat@8 is indicative
2.Phenotypic confirmatory testing of ESBL production. It was considered gold
a) Double-disk (DD) approximation test Standard.
(JARLIER et al., 1988): brieflythe culture was
swabbed onto a Mueller-Hinton Agar (BBL _ _
Microbiology Systems, Cockeysville, USA) plate. AReSUItS and Discussion
susceptibility disk containing amoxacillin (2@)/ A key problem in the detection of ESBL producing
clavulanate (1qug) (Oxoid, Basingstoke, UK) was bacteria is the variable MIC and zone diameters
placed in the center of the plate, and disks containinglues by disk diffusion testing possibility due to the
aztreonam (3Qg-Bristol-Myers Squibb, Sao Paulo,low-level expression of the enzyme or the inoculum
Brasil), ceftazidime (3Qg-Oxoid, Basingstoke, UK), effect. Consequentlyisolates may be reported by
cefotaxime (3Qug-Oxoid, Basingstoke, UK) were the laboratory as susceptible to third-generation
placed 25 mm apart from the amoxicillin-clavulanateephalosporins whereas treatment failure may occur
disc. Enhancement of the inhibition zone of thé€D’AGATA et al., 1998).

oxyimino- R-lactam, resulting from the synergy of The 107 strains oK. pneumoniadere studied

.the'clavulanate in the amoxmlllln.-clavulanate OIIS‘lﬂNere initially tested for antimicrobial susceptibiity
indicates an ESBL producer strain. according to NCCLS 2005 guidelines, for breakpoints
b) Clavulanic acid association tes{JACOBY; in a broth microdilution method using Microscan
HAN, 1996): for the combined disk method, disk¥Valkaway and KBD test. In broth microdilution, 48
containing cefpodoxime (30g), ceftazidime (3fdg) strains yielded positive results suggestive of ESBL
and cefotaxime (3Qug) all supplied by Oxoid, producers. Using KBD, performed with the 107
Basingstoke, UK with and without clavulanic acidstrains, 55 presented inhibition zonesfdactams
(10 pg), were used. The resulting inhibition zonesuggestive of ESBL producers, including seven
were compared. A test was considered positive whéh?,7%) strains that did not present breakpoints
the difference of zone diameters between the Buggestive of ESBL by broth microdilution test. These
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strains showed resistance also to first-generation When KBD assay is highly controlled, the
cephalosporins (cephalotin and cefuroxime)iameters of the inhibition zones can be converted to
aminoglycosides and quinolones in the same tes¥lIC values (MACKENZIE et al., 2002). However
Moland et al. (1998) suggest thidebsiellaisolates Freitas et al. (2003) suggest that the KB method was
with hidden resistance to extended spectrunseful only as a screening since it provided several
cephalosporins and aztreonam, might not be detectethifse positive results. In this stydgsults obtained
the specific pannel is not used in Microscaalk&way in KBD were better indicators of ESBL production
or the strains produce low amounts of ESBL. than the breakpoints in automated system of
microdilution method.

Table 1.Results obtained with 1IK. pneumoniastrains not identified as ESBLSs in broth microdilution and DD test.

Broth microdiluition

Strains (ug/mL) KBD test (mm) CA association test (mm) E-test ((ug/mL DD tes
no CTX CPD ATM CAZ CPD CAZ CTX CPD+CA CAZ+CACTX+CA CAZ CAZzZ+CA

16* <2 <1 <2 <2 16 18 20 21 23 25 0,75 0,094 neg
17 >32 2 16 213 19 16 18 26 25 1,0 0,094 neg
22* <2 <1 <2 <2 16 14 20 23 21 25 0,75 0,064 neg
25 4 >2 8 216 19 24 25 25 30 0,75 0,064 neg
34 >32 >2 >16 >160 0 0 10 19 19 32 0,5 neg
40 4 >2 8 215 20 22 23 25 26 15 0,094 neg
50* <2 <1 <2 <2 14 20 25 25 25 30 15 0,094 neg
55 >32 >2 >16  >1617 20 22 29 29 32 0,75 0,064 neg
57* <2 <1 <2 <2 16 25 20 22 28 28 0,75 0,064 neg
61 4 2 8 814 16 21 25 20 31 4,0 0,19 neg
71* <2 <1 <2 <2 14 20 22 24 25 27 0,75 0,064 neg
76 8 >2 >16 216 20 23 28 29 32 20 0,19 neg
79 8 >2 >16 212 0 0 17 20 21 15 0,094 neg
88 16 >2 >1 411 20 22 27 28 30 2,0 0,19 neg
89 4 >2 8 216 20 22 22 25 28 2,0 0,19 neg
93* <2 <1 <2 <2 17 20 19 24 25 24 1,0 0,125 neg
105* <2 <1 <2 <2 15 0 0 23 24 25 0,75 0,094 neg

* strain negative for ESBLs screening in broth microdiluition and DD test; the other ones, negative only in DD test
CTX-cefotaxime, CPD- cefpodoximeTM-aztreonam, CAZ-ceftazidime, CA-clavulanic acid

The other strains (38) presented positive resulitsoculum is too large or the disks are too far from
as ESBLs producers in all tests. each otherSome authors have proposed a disc

Using DD confirmatory test for the 55 strainsd'Sta_n_C? edge-to-edge of 15mm, as showing greater
positive in KBD; negative results were obtained igensitivity than the 25-30mm apart center to center

17 strains including those seven already negativefﬁ?quemly used (STURE_NBURG; MAC_:K’ 2003,
broth microdilution (table 1). This means that it WagROVER et aI.?OOG). This _COUId_ explain the 31%
not observed any enhancement of the inhibition zor?é negative strains, found since '_t W?.S “Sefﬂ' 30mm
of the oxyimino- R-lactam as a result of the synerg?/s'[a_nces' These .results are coincident with those
of the clavulanate in the amoxicillin-clavulanate disk(.)bt"’IInGCI by Cormican et al. (1996).
However DD test as proposed by Jarlier et al. (1988), Tests performed with disk association with CA
remains a reliable method for ESBL detection amshowed 55 (100%) isolates as ESBLs producers.
the disadvantage of this method is that the sinerghis method has been successfuly used all over
between the amoxicillin-clavulanate disk and théhe world (M'ZALI et al., 2000; GROVER et al.,
indicator cephalosporin may be overlooked if th@006), althoughit also presents limitations, like
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strains that produce enzymes which are not inhibit&ROWN, D.FJ.; ANDREWAS, J.; KING, A.; MAC

by clavulanic acid, will not be distinguished. ThilCOWAN, A. P. Detection of extended-spectrum R-
. actamases with Etest and double-disc potentiation
method will not detect, as well, ESBLs that are NQhethods.Journal of Antimicobial Chemotheraphy

active against ceftazidime, unless disks containir@xford, v46, p.327-328, 2000.
otherf-lactms are included (BROWN et al., 2000) -0l ODNER R.: RAZ. R.: CHAZAN. B.: SAKRAN. W

E-test ESBL has been described as a sensiti§85ceptibi“ty pattern of extended-spectrum R —lactamase
producing bacteria isolated from impatients to five

and convenient method bY Ssome authorgyimicrobial drugs in a community hospital in Northern
(CORMICAN et al., 1996), and it is considered agsrael. International Journal of Antimicrobial Agents

gold-standard for ESBL detection. In this studly ~Shannon, 24, p.409-410, 2004.
55 strains initially screened as positive in KBD wer€ORMICAN, M. G.; MARSHALL, S. A.; JONES, R. N.

confirmed by this test. Howevét requires an extra Detection of extended-spectrum R-lactamases (ESBL)-

agar plate to be inoculated, what makes it difficult t%lri?: ?gg:g% ggw;sﬁitﬁgttois\gi Spcrlefg%lf;%%' 4°f1§|9'2'ca|

incorporate into a routine disk testing system, and it
is also comparatively expensive (M'ZALI et al. D'AGATA, E.; VENKATARAMAN, L.; DEGIROLAMI,

'P.; WEIGEL, L.; SAMORE, M.; TENOVER, FThe
2000; MACKENZIE el al., 2002).Recently molecularmo|ecu|ar and clinical epidemiology of

methods have been described as sensitive abaterobacteriaceag@roducing extended spectrum R-
specific, however they are expensive, timéctamase in atertiary care hospifaiurnal of Infection,

consuming and require specialized equipment allTandon,\BG, p.279-285, 1998.
expertise (GROVER et al., 2006). FARREL, D. J.; MORRISSEY.; DERUBEIS, D.; ROBBINS,
M.; FELMINGHAM, D. A UK multicentre study of the
Summarizing our results showed that 100% straimgitimicrobial susceptibility of bacterial pathogens causing

were detected as ESBLs producers by agreementugpary tract infectionJournal of Infectionl.ondon,v.46,
E-test strips (gold standard), with CA and KBD result;?;‘gd"loo’ 2003.
87 % were detected by broth microdilution (MicroscahRE!TAS, A. L. ; MACHADO, D. F; SOARES, FS. C.;

L . BARTH, A. L. Extended-spectrum R-lactamases in
0 L
Walkaway) and 69% by DD. Considering praCtICall:ﬁlebsiellaspp andescherichia colbbtained in a Brazilian

reasons and the better results obtained by the usqgfhing hospital: detection, prevalence and molecular

more than one method, the disk diffusion agar amgbing. Brazilian Journal of Micobiology, S&o Paulo,

clavulanic acid association may be suggested for ESBB4, p-344-348, 2003.

screening and confirmation in clinical laboratories, &8SROVER, S. S.; SHARMA, M.; CHRTOPADHYA, D.;

sensitive and less expensive system than E-test. KAPOOR, H.; ASHA, S. T; SINGH, G. Phenotypic and
genotypic detection of ESBL mediated cephalosporin
resistance ifKlebsiella pneumoniaeemergence of high
resistance against cefepime, the fourth generation
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