International Journal of Food Microbiology 197 (2015) 88-91

journal homepage: www.elsevier.com/locate/ijfoodmicro

Contents lists available at ScienceDirect

International Journal of Food Microbiology

INTERNATIONAL
MICROBIOLOGY

Short communication

Detection of blacrx-m-type genes in complex class 1 integrons carried by
Enterobacteriaceae isolated from retail chicken meat in Brazil

@ CrossMark

Tiago Casella ?, Maria Margarita Rodriguez °, Juliana Tiemi Takahashi ¢, Barbara Ghiglione , Milena Dropa ¢,
Ednei Assuncao ¢, Mauricio Lacerda Nogueira €, Nilton Lincopan ef

Gabriel Gutkind , Mara Corréa Lelles Nogueira “*

@ Instituto de Biociéncias, Letras e Ciéncias Exatas, Universidade Estadual Paulista “Jiilio de Mesquita Filho”, Sdo José do Rio Preto, SP, Brazil
Y Universidad de Buenos Aires, Facultad de Farmacia y Bioquimica, Ciudad Auténoma de Buenos Aires, BA, Argentina

¢ Faculdade de Medicina de Sdo José do Rio Preto, Sdo José do Rio Preto, SP, Brazil

d Departamento de Prdtica de Satide Piiblica, Faculdade de Satide Priblica, Universidade de Sdo Paulo, Séo Paulo, SP, Brazil
¢ Departamento de Microbiologia, Instituto de Ciéncias Biomédicas, Universidade de Sdo Paulo, Sio Paulo, SP, Brazil
f Departamento de Andlises Clinicas, Faculdade de Ciéncias Farmacéuticas, Universidade de Sdo Paulo, Séo Paulo, SP, Brazil

ARTICLE INFO ABSTRACT

Article history:

Received 5 August 2014

Received in revised form 11 November 2014
Accepted 6 December 2014

Available online 11 December 2014

CTX-M-type extended-spectrum B-lactamase (ESBL)-producing Enterobacteriaceae have been increasingly iden-
tified in humans and animals, and their potential transmission by contaminated food has been highlighted. In this
study, we report for the first time the isolation of multidrug-resistant (MDR) Escherichia coli, Klebsiella
pneumoniae and Proteus mirabilis strains harboring blacrxw.2 or blacrxw-g gene variants in chicken meat sold in

markets in southeast Brazil. In this regard, the genetic environment of the blacrx.v-> gene is composed of a com-
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plex class 1 integron and an ISCR1-associated sequence with dfr and/or aadA gene cassettes located within the
variable region. In summary, chicken meat may be a reservoir of MDR Enterobacteriaceae harboring blacrx-v-
type genes, which is a public health concern.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Healthcare-associated and community-acquired infections caused
by extended-spectrum (-lactamases (ESBLs)-producing bacteria have
been increasingly reported worldwide (Pitout and Laupland, 2008).
Although the predominant ESBL families have been TEM, SHV and
CTX-M (Bush and Jacoby, 2010), in the last years, the incidence of the
CTX-M-type has risen dramatically (Wellington et al., 2013). In fact,
currently the CTX-M-2, CTX-M-8 and CTX-M-15 variants are widely dis-
seminated all over the world within Enterobacteriaceae from humans
and animals, and their potential transmission by contaminated food,
mainly chicken meat, has been highlighted (Egervarn et al., 2014;
Kawamura et al., 2014; Kiiru et al., 2012). These enzymes are encoded
by blacrx.m-type gene associated with mobile genetic elements, includ-
ing insertion sequences ISEcp1 type and ISCR1, most carried on transfer-
able plasmids (Zhao and Hu, 2013). In Brazil, although the production of
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the CTX-M enzymes has become the most prevalent mechanism of ac-
quired resistance to broad-spectrum cephalosporins in gram-negative
bacteria from clinical samples, poultry, food-producing animals, hospi-
tal wastewater and urban rivers (Aizawa et al., 2014; Carvalho-Assef
et al,, 2014, Ferreira et al., 2014; Peirano et al., 2011; Silva et al., 2013;
Tollentino et al., 2011), there are no data available regarding the detec-
tion of CTX-M-producing bacteria in chicken meat intended for sale on
the Brazilian market, which is curious, since the presence of CTX-M-2-
and CTX-M-8-producing E. coli in raw chicken and broiler meat
imported into European countries from South America countries, in-
cluding Brazil, has been previously reported (Dhanji et al., 2010;
Egervdrn et al., 2014; Warren et al., 2008). So, the aim of this study
was to investigate the presence of ESBL-producing bacteria and the ge-
netic background of genes encoding ESBLs in retail chicken meat from
markets, in southeastern Brazil.

2. Materials and methods
2.1. Sampling
We investigated the presence of ESBL-producing bacteria in four

pork, three beef, and eight chicken meat samples, collected between
March 2011 and July 2013 from seven traditional marketplaces in the
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state of Sdo Paulo, south-eastern Brazil. The samples were immediately
transported to the laboratory for microbiological analysis. For bacterial
isolation, sub samples of 200 g were dispensed on sterile plastic bags
(Whirl-Pak, Nasco, WI, USA) containing 200 mL of Tetrathionate broth
plus 5% of Brilliant-Green broth, and incubated at 37 °C to 24 h. After,
1 mL of this diluent was submitted to serial dilution on Lactose broth
and inoculated on MacConkey agar (Oxoid, Hampshire, England) and
incubated at 37 °C for 24 h.

2.2. Bacterial identification and antibiotic susceptibility testing

Bacterial identification and initial susceptibility testing and detec-
tion of ESBL producers were performed using the Vitek 2 system
(bioMérieux, France). Identification of ESBL producers was based on
the comparison of MIC values for ceftazidime, ceftriaxone and cefepime
tested alone and in association with clavulanic acid, according to CLSI
recommendation (CLSI, 2011). Additionally, antimicrobial susceptibility
profiles were determined by the disc diffusion method using commer-
cially available discs (Oxoid, UK). Interpretation was performed accord-
ing to criteria of the Clinical and Laboratory Standard Institute (CLSI,
2008, 2011) or following EUCAST guidelines (EUCAST, 2011).
Escherichia coli ATCC 25922 was used as reference strain.

2.3. Identification of ESBL genes and PCR mapping of class 1 integron

ESBL genes were screened by PCR as previously described
(Tollentino et al., 2011). Sequencing was performed using the BigDye
Terminator v3.1 (Applied Biosystems, Foster City, CA) with the ABI
PRISM 3130 automated sequencer (Applied Biosystems, Foster City,
CA). The sequences were annotated in DS Gene 2.0 software and com-
pared with GenBank.

The architecture of the class 1 integron was assessed using the fol-
lowing primers: intl1 gene, I5 (5'-ACCGCCAACTTTCAGCACAT-3’) and
I3 (5’-GCGTTCGGTCAAGGTTCTGG-3'); gene cassettes region, 5'-CS
(5’-GGCATCCAAGCAGCAAGC-3') and 3'-CS (5’-AAGCAGACTTGACCTG
AT-3'); orf513, ORFend (5’-CCGTTAAGCTCTTATGTGGG-3'); blacrx-m-2,
blal (5’-TTAATGATGACTCAGAGCATT-3") and blall (5’-GATACCTCGCTC
CATTTATTGC-3'); sull + ISCR1, F12F (5'-GTATTGCGCCGCTCTTAGAC-
3’) and F12R (5’-AAACCAGCATGGTTGGCTAC-3'); and 3'-CS (qacEA1),
qacEA1B (5’-CAAGCTTTTGCCCATGAAGC-3’) (Power et al., 2005).

3. Results

During the study, six broad-spectrum cephalosporin-resistant En-
terobacteriaceae strains were recovered from four different retail chick-
en meat samples, purchased from distinct markets (Table 1). These
antibiotic-resistant isolates identified as Proteus mirabilis (n = 1),
Citrobacter diversus (n = 1), Klebsiella pneumoniae (n = 1) and

Table 1

Escherichia coli (n = 3) exhibited additional resistance to human and
veterinary quinolones, aminoglycosides and/or trimethoprim-
sulfamethoxazole and were positive for the production of ESBL. In fact,
PCR screening for blagsg; genes showed that the six strains carried
CTX-M-encoding genes. According to sequencing results, while most
strains harbored the blacryx.p.2 gene, the presence of the blacrx-m-s
was only confirmed in one E. coli strain from market D (Table 1). On
the other hand, the analysis of the genetic environment revealed that
blacrx-m-2 genes in P. mirabilis S11, K. pneumoniae S105, and E. coli
S$137 and Lac60 strains comprised a complex class 1 integron and an
ISCR1-associated sequence, with dfi and/or aadA gene cassettes located
within the variable region of the class 1 integron (Fig. 1). Curiously, for
C. freundii Ec32 and E. coli CF1 strains the genetic environment of the
blacrx-m-2 and blacrxv.-g gene variants could not be determined by the
methodology used herein, since the presence of class 1 integron was
not observed in either of them.

4. Discussion

In this study, we report the occurrence of MDR Enterobacteriaceae in
chicken meat intended for sale in the Brazilian market. Resistance to
broad-spectrum cephalosporins was associated with CTX-M-2 and
CTX-M-8 enzymes, which is a cause of clinical concern. In order to de-
termine the genetic background of blacrx.y genes, different PCRs were
conducted, using several primer combinations (Power et al., 2005).
The results showed that blacrx.m-> Was part of a structure similar to
the complex class 1 integrons InS21 and In116, except for the variable
region (Di Conza et al,, 2002; Power et al., 2005). This kind of structure
has been very common in South America (Andrade et al.,, 2010; Power
et al.,, 2005; Quiroga et al., 2013), whereas, it has been also found spo-
radically in Spain (Valverde et al., 2006). Additionally, in a recent
study in Belgium, similar class 1 integron structures were identified in
Salmonella enterica isolated from poultry (Doublet et al., 2014). Thus,
this study report for the first time the presence of blacrx.m-2 genes
harbored by complex class 1 integrons in Enterobacteriaceae strains re-
covered from retail chicken meat in Brazil. With regard to P. mirabilis
strain S11, the genetic environment of blacry_wm-2 is composed of a com-
plex class 1 integron and an ISCR1-associated sequence, with dfrA1 and
aadA1 gene cassettes located within the variable region, which confer
resistance to trimethoprim and streptomycin, respectively. This ar-
rangement of gene cassettes was found in E. coli and Salmonella isolated
from poultry in Korea and in Belgium (Dessie et al., 2013; Doublet et al.,
2014) and from clinical isolates from animals in Ireland (Karczmarczyk
etal, 2011). K. pneumoniae S105 presented only the dfrA1 gene in the
variable region, which has not been previously reported; and while
E. coli S137 presented the dfrA7 gene, a variant of dfrA1 previously
found in a E. coli from an unhealthy animal in Ireland (Karczmarczyk
et al., 2011), E. coli Lac60 carried only the aadA1 gene in the variable

Characteristics of multidrug-resistant CTX-M-producing Enterobacteriaceae isolated from chicken meat in Brazilian markets.

Resistance profile (Kirby-Bauer)?*

Strain® Date Market AMC CTX CRO EFT CAZ FEP FOX ATM NA ENO CIP LEV MXF SXT GEN AK EST p-lactamases

PmS11  03/14/2011 A R R R R S R S S R R S S R R S S R CTX-M-2

CdEc32  04/25/2011 B R R R R S S R S S S S S S S S S S CTX-M-2

KpS105 08/23/2011 C R R R R R R S R R R S S R R R S S CTX-M-2, SHV-11, TEM-1
EcS137  08/23/2011 C R R R R S S S S S S S S S R S S R CTX-M-2, TEM-1
Eclac60 08/23/2011 C R R R R S R S R R R R S R S S S S CTX-M-2

Ec CF1 07/10/2013 D R R R R S R S S R R R I R S R S S CTX-M-8, TEM-1

2 AMC, amoxicillin-clavulanic acid; CTX, cefotaxime; CRO, ceftriaxone; EFT, ceftiofur; CAZ, ceftazidime; FEP, cefepime; FOX, cefoxitin; ATM, aztreonam; NA, nalidixic acid; ENO,
enrofloxacin; CIP, ciprofloxacin; LEV, levofloxacin; MXF, moxifloxacin; SXT, trimethoprim-sulfamethoxazole; GEN, gentamicin; AK, amikacin; EST, streptomicin. Resistance is indicated in
bold. The CLSI breakpoints were used to interpret the susceptibility results (CLSI, 2008, 2011), except for moxifloxacin where the EUCAST criteria (resistant <17 mm) was applied (http://

www.eucast.org/clinical_breakpoints/).

b Pm, Proteus mirabilis; Cd, Citrobacter diversus; Kp, Klebsiella pneumoniae; Ec, Escherichia coli.
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Fig. 1. Schematic representation of class 1 integrons carrying blacrx.m.2 genes in Enterobacteriaceae strains isolated from retail chicken meat. These integrons had approximate sizes of
7.7 kb (P. mirabilis S11), 7.2 kb (K. pneumoniae S105), 7 kb (E. coli S137) and 7.2 kb (E. coli Lac60). Fat arrows indicate the direction of transcription. Thin arrows indicate primers used

to identify gene cassette arrays in integrons (Power et al., 2005).

region, such as In2::ISCR1::blactx_\-» integron previously reported in
Argentina (Quiroga et al., 2013).

In summary, to the best of our knowledge, this is the first Brazilian
study showing retail chicken meat as an important vehicle for the
dissemination of ESBL-producing enterobacteria, which is a major
commercial and public health issue, since Brazil is the third largest
producer of chicken meat and the largest exporter of this product,
with a high domestic consumption (Alves et al., 2012). So, surveillance
of antimicrobial resistance in bacteria from food-producing animals
and derived food products needs to be established as a priority.
Moreover, strategies for the rational use of antimicrobial agents in
food animals need to be taken urgently, in order to inhibit the release
of MDR bacteria harboring blacrx.v-type genes in food.

Funding

This study was supported by Fundagdo de Amparo a Pesquisa do
Estado de Sdo Paulo (FAPESP), grant number 2011/07778-1.

Acknowledgement

T.C. was supported by CAPES and FAPESP (2010/04861-2)
fellowships.

J.T.T. was supported by CAPES fellowship.

M.LN. was supported by CNPq fellowship.

N.L. is a research fellow of CNPq.

M.M.R. and G.G. are researchers of CONICET, Argentina.

M.C.L.N. was supported by FAPESP fellowship (2011/07778-1).

References

Aizawa, ], Neuwirt, N., Barbato, L., Neves, P.R,, Leigue, L., Padilha, J., Pestana de Castro, AF.,
Gregory, L., Lincopan, N., 2014. Identification of fluoroquinolone-resistant extended-
spectrum (-lactamase (CTX-M-8)-producing Escherichia coli ST224, ST2179 and
ST2308 in buffalo (Bubalus bubalis). ]. Antimicrob. Chemother. 69 (10), 2866-2869.

Alves, J., Marques, V.V., Pereira, LE.P., Hirooka, E.Y., De Oliveira, A.CR.M., 2012. Multiplex
PCR for the detection of Campylobacter spp. and Salmonella spp. in chicken meat.
J. Food Saf. 32, 345-350.

Andrade, L.N., Minarini, L.A., Pitondo-Silva, A., Climaco, E.C,, Palazzo, 1.C., Medeiros, M.L,,
Darini, A.L, 2010. Determinants of beta-lactam resistance in meningitis-causing En-
terobacteriaceae in Brazil. Can. J. Microbiol. 56, 399-407.

Bush, K., Jacoby, G.A., 2010. Updated functional classification of beta-lactamases.
Antimicrob. Agents Chemother. 54, 969-976.

Carvalho-Assef, A.P., Pereira, P.S., Albano, R.M., Berido, G.C., Tavares, C.P., Chagas, T.P.,
Marques, E.A., Timm, L.N., Da Silva, R.C,, Falci, D.R., Asensi, M.D., 2014. Detection of
NDM-1-, CTX-M-15-, and qnrB4-producing Enterobacter hormaechei isolates in
Brazil. Antimicrob. Agents Chemother. 58, 2475-2476.

CLSI, 2008. Performance Standards for Antimicrobial Disk and Dilution Susceptibility
Tests for Bacteria Isolated from Animals; Approved Standard. third edition. Clinical
and Laboratory Standards Institute.

CLSI, 2011. Performance Standards for Antimicrobial Susceptibility Testing; Twenty-First
Informational Supplement. Clinical and Laboratory Standards Institute.

Dessie, HK., Bae, D.H.,, Lee, Y.J., 2013. Characterization of integrons and their cassettes in
Escherichia coli and Salmonella isolates from poultry in Korea. Poult. Sci. 92, 3036-3043.

Dhanyji, H., Murphy, N.M., Doumith, M., Durmus, S., Lee, S.S., Hope, R., Woodford, N.,
Livermore, D.M., 2010. Cephalosporin resistance mechanisms in Escherichia coli isolated
from raw chicken imported into the UK. J. Antimicrob. Chemother. 65, 2534-2537.

Di Conza, J., Ayala, J.A., Power, P., Mollerach, M., Gutkind, G., 2002. Novel class 1 integron
(InS21) carrying blacrx-m-2 in Salmonella enterica serovar infantis. Antimicrob. Agents
Chemother. 46, 2257-2261.

Doublet, B., Praud, K., Nguyen-Ho-Bao, T., Argudin, M.A., Bertrand, S., Butaye, P.,
Cloeckaert, A., 2014. Extended-spectrum (3-lactamase- and AmpC (-lactamase-
producing D-tartrate-positive Salmonella enterica serovar Paratyphi B from broilers
and human patients in Belgium, 2008-10. J. Antimicrob. Chemother. 69, 1257-1264.

Egervdrn, M., Borjesson, S., Byfors, S., Finn, M., Kaipe, C,, Englund, S., Lindblad, M., 2014.
Escherichia coli with extended-spectrum beta-lactamases or transferable AmpC
beta-lactamases and Salmonella on meat imported into Sweden. Int. J. Food
Microbiol. 171, 8-14.


http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0120
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0120
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0120
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0005
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0005
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0005
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0010
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0010
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0015
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0015
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0020
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0020
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0020
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0025
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0025
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0025
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0030
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0030
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0035
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0035
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0040
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0040
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0045
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0045
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0045
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0045
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0050
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0050
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0050
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0055
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0055
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0055

T. Casella et al. / International Journal of Food Microbiology 197 (2015) 88-91 91

EUCAST, 2011. Breakpoint tables for interpretation of MICs and zone diameters. Version
1.3, 2011. http://www.eucast.org/clinical_breakpoints/.

Ferreira, J.C,, Penha Filho, RA, Andrade, L.N., Berchieri, AJ., Darini, A.L, 2014. Detection of
chromosomal blacrx-m-2 in diverse Escherichia coli isolates from healthy broiler
chickens. Clin. Microbiol. Infect. 20 (10), 0623-0626.

Karczmarczyk, M., Abbott, Y., Walsh, C,, Leonard, N., Fanning, S., 2011. Characterization of
multidrug-resistant Escherichia coli isolates from animals presenting at a university
veterinary hospital. Appl. Environ. Microbiol. 77, 7104-7112.

Kawamura, K., Goto, K., Nakane, K., Arakawa, Y., 2014. Molecular epidemiology of
extended-spectrum -lactamases and Escherichia coli isolated from retail foods in-
cluding chicken meat in Japan. Foodborne Pathog. Dis. 11, 104-110.

Kiiru, J,, Kariuki, S., Goddeeris, B.M., Butaye, P., 2012. Analysis of 3-lactamase phenotypes
and carriage of selected 3-lactamase genes among Escherichia coli strains obtained
from Kenyan patients during an 18-year period. BMC Microbiol. 28 (12), 155.

Peirano, G., Asensi, M.D., Pitondo-Silva, A., Pitout, ].D., 2011. Molecular characteristics of
extended-spectrum beta-lactamase-producing Escherichia coli from Rio de Janeiro,
Brazil. Clin. Microbiol. Infect. 17, 1039-1043.

Pitout, ].D., Laupland, K.B., 2008. Extended-spectrum beta-lactamase-producing Entero-
bacteriaceae: an emerging public-health concern. Lancet Infect. Dis. 8, 159-166.
Power, P., Galleni, M., Di Conza, ]., Ayala, J.A., Gutkind, G., 2005. Description of In116, the
first blacrx-m-2-containing complex class 1 integron found in Morganella morganii iso-

lates from Buenos Aires. J. Antimicrob. Chemother. 55, 461-465.

Quiroga, M.P., Arduino, S.M., Merkier, A.K., Quiroga, C., Petroni, A., Argentinian Integron
Study Group, Roy, P.H., Centrén, D., 2013. Distribution and functional identification
of complex class 1 integrons. Infect. Genet. Evol. 19, 88-96.

Silva, K.C,, Fontes, L.C., Moreno, A.M., Astolfi-Ferreira, C.S., Ferreira, AJ., Lincopan, N., 2013.
Emergence of extended-spectrum-f3-lactamase CTX-M-2-producing Salmonella
enterica serovars Schwarzengrund and Agona in poultry farms. Antimicrob. Agents
Chemother. 57, 3458-3459.

Tollentino, F.M., Polotto, M., Nogueira, M.L., Lincopan, N., Neves, P., Mamizuka, E.M.,
Remeli, G.A., De Almeida, M.T., Ribio, F.G., Nogueira, M.C., 2011. High prevalence of
blacrx-m extended spectrum beta-lactamase genes in Klebsiella pneumoniae isolates
from a tertiary care hospital: first report of blasyy.12, blasyy_31, blasyy_3s, and blacrx.
M-15 in Brazil. Microb. Drug Resist. 17, 7-16.

Valverde, A., Cantdn, R., Galan, J.C., Nordmann, P., Baquero, F., Coque, T.M., 2006. In117, an
unusual In0-like class 1 integron containing CR1 and blacrx.u.» and associated with a
Tn21-like element. Antimicrob. Agents Chemother. 50, 799-802.

Warren, R.E,, Ensor, V.M., O'Neill, P, Butler, V., Taylor, J., Nye, K., Harvey, M., Livermore,
D.M., Woodford, N., Hawkey, P.M., 2008. Imported chicken meat as a potential source
of quinolone-resistant Escherichia coli producing extended-spectrum B-lactamases in
the UK. J. Antimicrob. Chemother. 61, 504-508.

Wellington, E.M., Boxall, A.B., Cross, P., Feil, E.J., Gaze, W.H., Hawkey, P.M., Johnson-
Rollings, A.S., Jones, D.L., Lee, N.M., Otten, W., Thomas, C.M., Williams, A.P., 2013.
The role of the natural environment in the emergence of antibiotic resistance in
gram-negative bacteria. Lancet Infect. Dis. 13, 155-165.

Zhao, W.H,, Hu, Z.Q., 2013. Epidemiology and genetics of CTX-M extended-spectrum [>-
lactamases in Gram-negative bacteria. Crit. Rev. Microbiol. 39, 79-101.


http://www.eucast.org/clinical_breakpoints/
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0130
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0130
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0130
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0130
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0060
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0060
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0060
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0065
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0065
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0065
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0135
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0135
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0135
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0070
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0070
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0070
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0075
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0075
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0080
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0080
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0080
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0080
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0140
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0140
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0090
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0090
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0090
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0095
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0095
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0095
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0095
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0095
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0095
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0095
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0095
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0095
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0100
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0100
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0100
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0100
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0105
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0105
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0105
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0110
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0110
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0115
http://refhub.elsevier.com/S0168-1605(14)00595-9/rf0115

	Detection of blaCTX-�M-�type genes in complex class 1 integrons carried by Enterobacteriaceae isolated from retail chicken ...
	1. Introduction
	2. Materials and methods
	2.1. Sampling
	2.2. Bacterial identification and antibiotic susceptibility testing
	2.3. Identification of ESBL genes and PCR mapping of class 1 integron

	3. Results
	4. Discussion
	Funding
	Acknowledgement
	References


