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A c c e p t e d M a n u s c r i p t ABSTRACT The prevalence and characterisation of integrons and the genetic environment of sulphonamide resistance genes were studied in 135 Escherichia coli isolates recovered from blood cultures in a Spanish hospital during 2007. Class 1 and 2 integrons were identified in 54 isolates (intI1, 52 isolates; intI2, 1 isolate; and intI1 + intI2, 1 isolate). Of the 53 intI1-positive isolates, 36 (67.9%) contained the classic class 1 integron including the qacE1-sul1 region, and 11 different gene cassette arrangements were demonstrated in 33 of these isolates. Seventeen intI1-positive isolates lacked the qacE1-sul1 region, and 8 gene cassette arrangements were demonstrated in 12 of these isolates. Seventy-one isolates showed a sulphonamideresistant phenotype, 63 of which contained sul genes. The sul1 gene was associated with intI1 in 36 of 42 sul1-positive isolates, and the sul3 gene was associated with non-classic class 1 integrons in 5 of 7 sul3-positive isolates. Finally, sul2 was found associated with strA-strB genes in 32 of 35 sul2-positive isolates, identifying 11 genetic structures, 1 of them presenting the IS150 element disrupting the strB gene; this structure was included in GenBank with accession no. FJ705354. Almost onehalf of the E. coli isolates from blood cultures contained integrons and sul genes.

Moreover, sul genes were detected in different structures, one of them new, and could be important determinants in antibiotic resistance dissemination.

A c c e p t e d M a n u s c r i p t

Introduction

Integrons are genetic structures able to capture, excise and express genes, frequently included in mobile elements such as plasmids that allow their dissemination among bacteria. Class 1, 2 and 3 integrons have been implicated in the dissemination of antimicrobial resistance [START_REF] Partridge | Gene cassettes and cassette arrays in mobile resistance integrons[END_REF]. Classic class 1 integrons include in their 5'-conserved segment (5'-CS) an integrase gene (intI1) and in their 3'conserved segment (3'-CS) the qacE1 + sul1 genes encoding resistance to quaternary ammonium compounds (partially deleted) and sulphonamides, respectively [START_REF] Partridge | Gene cassettes and cassette arrays in mobile resistance integrons[END_REF]. However, non-classic class 1 integrons lacking the 3'-CS region have also been reported [START_REF] Liu | Characterization of a novel macrolide efflux gene, mef(B), found linked to sul3 in porcine Escherichia coli[END_REF][START_REF] Soufi | Prevalence and diversity of integrons and associated resistance genes in Escherichia coli isolates from poultry meat in Tunisia[END_REF][START_REF] Chuanchuen | Characterization of class 1 integrons with unusual 3' conserved region from Salmonella enterica isolates[END_REF][START_REF] Sunde | Genetic linkage between class 1 integrons with the dfrA12-orfF-aadA2 cassette array and sul3 in Escherichia coli[END_REF][START_REF] Vinué | Prevalence and diversity of integrons and associated resistance genes in faecal Escherichia coli isolates of healthy humans in Spain[END_REF][START_REF] Antunes | Dissemination of sul3-containing elements linked to class 1 integrons with unusual 3' conserved sequence region among Salmonella isolates[END_REF][START_REF] Cocchi | Distribution and characterization of integrons in Escherichia coli strains of animal and human origin[END_REF][START_REF] Sáenz | Mechanisms of resistance in multiple-antibiotic-resistant Escherichia coli strains of human, animal, and food origins[END_REF].

Sulphonamides were the first group of systemic antimicrobial agents introduced into medicine and have been extensively used since then [START_REF] Sköld | Sulfonamide resistance: mechanisms and trends[END_REF]. Three acquired genes (sul1, sul2 and sul3) implicated in sulphonamide resistance have been described in Escherichia coli. The sul1 gene is typically associated with class 1 integrons [START_REF] Partridge | Gene cassettes and cassette arrays in mobile resistance integrons[END_REF], sul2 has been found adjacent to streptomycin resistance genes [START_REF] Bean | Plasmids imparting sulfonamide resistance in Escherichia coli: implications for persistence[END_REF], and the sul3 gene has been recently described linked to 3'-CS-lacking class 1 integrons [START_REF] Liu | Characterization of a novel macrolide efflux gene, mef(B), found linked to sul3 in porcine Escherichia coli[END_REF][START_REF] Soufi | Prevalence and diversity of integrons and associated resistance genes in Escherichia coli isolates from poultry meat in Tunisia[END_REF][START_REF] Chuanchuen | Characterization of class 1 integrons with unusual 3' conserved region from Salmonella enterica isolates[END_REF][START_REF] Sunde | Genetic linkage between class 1 integrons with the dfrA12-orfF-aadA2 cassette array and sul3 in Escherichia coli[END_REF][START_REF] Antunes | Dissemination of sul3-containing elements linked to class 1 integrons with unusual 3' conserved sequence region among Salmonella isolates[END_REF]. This study presents the prevalence of sulphonamide resistance genes, characterisation of the genetic environment of these genes, and the prevalence and types of integrons in clinical E. coli isolates.

A c c e p t e d M a n u s c r i p t

Material and methods

Escherichia coli isolates and antimicrobial susceptibility testing

All E. coli isolates (n = 135) recovered from blood cultures of different patients during a 1-year period (2007) in the Hospital San Pedro (Logroño, Spain) were included in this study. Susceptibility testing to 16 antimicrobial agents was performed for all isolates by the disk diffusion method [START_REF]Performance standards for antimicrobial susceptibility testing; approved standard. Seventeenth informational supplement[END_REF]. The double-disk synergy test with cefotaxime and ceftazidime in proximity to amoxicillin/clavulanic acid was used for the detection of extended-spectrum -lactamases (ESBLs).

Study of integrons

Presence of the intI1, intI2 and intI3 genes was studied by polymerase chain reaction (PCR) in all isolates [START_REF] Sáenz | Mechanisms of resistance in multiple-antibiotic-resistant Escherichia coli strains of human, animal, and food origins[END_REF]. The 3'-CS of class 1 integrons (qacE1 + sul1 genes) and the variable region of class 1 and 2 integrons were characterised by PCR and sequencing [START_REF] Sáenz | Mechanisms of resistance in multiple-antibiotic-resistant Escherichia coli strains of human, animal, and food origins[END_REF].

Detection of sulphonamide resistance genes and their genetic environment

The presence of sul1, sul2 and sul3 genes, implicated in sulphonamide resistance, was studied by PCR in all sulphonamide-resistant (SUL R ) E. coli isolates [START_REF] Sáenz | Mechanisms of resistance in multiple-antibiotic-resistant Escherichia coli strains of human, animal, and food origins[END_REF]. The genetic environment of the sul1 gene was determined when characterisation of integrons was performed. The presence of strA-strB genes (conferring resistance to streptomycin) and its possible association with the sul2 gene was determined by a primer-walking PCR strategy with subsequent sequencing in all sul2-positive E. coli isolates [START_REF] Bean | Plasmids imparting sulfonamide resistance in Escherichia coli: implications for persistence[END_REF]. The qacH-IS440 region, associated with sul3 and with non-classical A c c e p t e d M a n u s c r i p t class 1 integrons, was analysed in all sul3-positive E. coli isolates by a primerwalking PCR strategy on the basis of the known integron sequences included in GenBank (accession nos. EF051037 and EF113389, among others). In addition, the presence of the putative macrolide efflux gene, mef(B), was investigated in the sul3positive isolates [START_REF] Liu | Characterization of a novel macrolide efflux gene, mef(B), found linked to sul3 in porcine Escherichia coli[END_REF].

Detection of other antimicrobial resistance genes and determination of phylogenetic groups

The presence of genes associated with resistance to ampicillin (bla TEM , bla SHV , bla CTX- M andbla OXA-1 ), tetracycline [tet(A)-tet(E), tet(G) and tet(M)], streptomycin (aadA),

gentamicin [aac(3)-I, aac(3)-II, aac(3)-III and aac(3)-IV], kanamycin [aph(3')-Ia and aph(3')-IIa] and chloramphenicol (cmlA and floR) was also analysed by PCR in all

SUL R E. coli isolates [START_REF] Sáenz | Mechanisms of resistance in multiple-antibiotic-resistant Escherichia coli strains of human, animal, and food origins[END_REF]. Chloramphenicol acetyltransferase activity was studied as previously described [START_REF] Sáenz | Mechanisms of resistance in multiple-antibiotic-resistant Escherichia coli strains of human, animal, and food origins[END_REF].

Identification of four major phylogenetic groups (A, B1, B2 and D) was carried out by multiplex PCR [START_REF] Vinué | Prevalence and diversity of integrons and associated resistance genes in faecal Escherichia coli isolates of healthy humans in Spain[END_REF]. Positive and negative controls from the collection of the University of La Rioja (Logroño, Spain) were included in all PCRs.

Results and discussion

Prevalence of antimicrobial resistance

The percentages of antimicrobial resistance detected among the E. coli isolates were as follows: ampicillin, 54.8%; amoxicillin/clavulanic acid, 7.4%; cefoxitin, 1.5%; 

Characterisation of integrons among the isolates

Fifty-four E. coli isolates (40%) contained integrons. The intI1 gene was detected in 52 isolates (38.5%), intI2 in 1 isolate (0.7%) and both the intI1 and intI2 gene in an additional E. coli isolate (0.7%). No isolate presented the intI3 gene. It is interesting to note that integrons were only detected among SUL R isolates and not among sulphonamide-susceptible isolates. Class 1 integrons were the most frequent type of integrons detected in this study (39.3%), similar to previous reports [START_REF] Soufi | Prevalence and diversity of integrons and associated resistance genes in Escherichia coli isolates from poultry meat in Tunisia[END_REF][START_REF] Vinué | Prevalence and diversity of integrons and associated resistance genes in faecal Escherichia coli isolates of healthy humans in Spain[END_REF][START_REF] Cocchi | Distribution and characterization of integrons in Escherichia coli strains of animal and human origin[END_REF]. Table 1 shows the gene cassette arrangements of integrons detected in this study.

Of the 53 intI1-positive E. coli isolates, 36 (67.9%) harboured class 1 integrons with the classic structure based on the presence of 5'-CS and 3'-CS, and 1 of these isolates contained two class 1 integrons. Eleven different gene cassette arrangements were identified in 33 of the 36 intI1-positive isolates as follows (number of isolates): dfrA12 + orfF + aadA2 (1); aadB + aadA1 + cmlA6 (1); aadB + aadA1 + ISUnCu1 (1); dfrA17 + aadA5 [START_REF] Sköld | Sulfonamide resistance: mechanisms and trends[END_REF]; dfrA1 + aadA1 (5); dfrA15 + aadA1 (1); dfrA17 + aadA5 and aadA (1); dfrA17 (2); dfrA7 (1); dfrA5 (1); and aadA [START_REF] Sáenz | Mechanisms of resistance in multiple-antibiotic-resistant Escherichia coli strains of human, animal, and food origins[END_REF]. All PCRs behind the intI1 gene were negative in the remaining three intI1-positive isolates (Table 1). Two isolates carrying dfrA1 + aadA1 and dfrA17 + aadA5 gene cassettes, respectively, presented the intI1 gene interrupted at the 3'-end by the insertion of the IS26 element, as previously reported (i.e. GenBank accession nos. AF205943 or AJ870926).

In addition, 17 (32.1%) of the 53 intI1-positive E. coli isolates lacked the 3'-CS of classic class 1 integrons. Eight different gene cassette arrangements were detected in 12 of these 17 integrons as follows (number of isolates): dfrA5 + ereA2 (2); dfrA17 + aadA5 (1); dfrA1 + aadA1 (1); bla OXA-1 + aadA1 (1); dfrA1 (2); dfrA5 (2); dfrA17 (1); and aadA (2) (Table 1). The remaining five isolates presented long structures associated with the sul3 gene (discussed below in Section 3.3). The existence of non-classic class 1 integrons lacking the 3'-CS region has been previously reported in E. coli isolates recovered from different origins [START_REF] Soufi | Prevalence and diversity of integrons and associated resistance genes in Escherichia coli isolates from poultry meat in Tunisia[END_REF][START_REF] Sunde | Genetic linkage between class 1 integrons with the dfrA12-orfF-aadA2 cassette array and sul3 in Escherichia coli[END_REF][START_REF] Vinué | Prevalence and diversity of integrons and associated resistance genes in faecal Escherichia coli isolates of healthy humans in Spain[END_REF][START_REF] Antunes | Dissemination of sul3-containing elements linked to class 1 integrons with unusual 3' conserved sequence region among Salmonella isolates[END_REF][START_REF] Cocchi | Distribution and characterization of integrons in Escherichia coli strains of animal and human origin[END_REF][START_REF] Sáenz | Mechanisms of resistance in multiple-antibiotic-resistant Escherichia coli strains of human, animal, and food origins[END_REF].

Most of the gene cassettes found within the variable region of these class 1 integrons corresponded to different alleles of dfrA (dfrA1, dfrA5, dfrA7, dfrA12 and dfrA17), aadA (aadA1 and aadA2) and aadB genes, conferring resistance to trimethoprim, streptomycin and gentamicin/tobramycin/kanamycin, respectively. The dfrA17 + aadA5 and aadA gene cassette arrangements were the most frequently detected in our study (in 12 of 53 class 1 integrons in each case), followed by dfrA1 + aadA1 arrangement (in 6 isolates). It is interesting to note the presence of two unusual variable regions carrying both aadB and aadA1 gene cassettes. One of them presented aadB + aadA1 followed by an insertion element ISUnCu1, part of the A c c e p t e d M a n u s c r i p t IS1111 group, previously described in an E. coli isolate from sick animals in Germany [START_REF] Kadlec | Analysis and distribution of class 1 and class 2 integrons and associated gene cassettes among Escherichia coli isolates from swine, horses, cats and dogs collected in the BfT-GermVet monitoring study[END_REF], and the other showed aadB + aadA1 followed by a chloramphenicol resistance gene cassette, cmlA6, previously detected in a commensal E. coli isolate from Bolivia [START_REF] Pallecchi | Population structure and resistance genes in antibiotic-resistant bacteria from a remote community with minimal antibiotic exposure[END_REF]. ISUnCu1 is located after the first nucleotide of the 2L core site of attC of the aadA1 gene cassette [START_REF] Partridge | Gene cassettes and cassette arrays in mobile resistance integrons[END_REF], with the transposase of ISUnCu1 in opposite orientation to aadB + aadA1 cassette genes. Disruption of the aadA1 gene cassette by insertion of an IS1111-attC element will probably negatively affect its mobilisation.

The two intI2-positive E. coli isolates presented the same gene cassette arrangement in their variable region (dfrA1 + sat + aadA1), and one of them also harboured a class 1 integron including the aadA gene cassette (Table 1). It is known that dfrA1 + sat + aadA1 is the more frequently detected cassette arrangement among class 2 integrons [START_REF] Vinué | Prevalence and diversity of integrons and associated resistance genes in faecal Escherichia coli isolates of healthy humans in Spain[END_REF][START_REF] Cocchi | Distribution and characterization of integrons in Escherichia coli strains of animal and human origin[END_REF][START_REF] Kadlec | Analysis and distribution of class 1 and class 2 integrons and associated gene cassettes among Escherichia coli isolates from swine, horses, cats and dogs collected in the BfT-GermVet monitoring study[END_REF].

Genetic environment of sul genes

A total of 71 E. coli isolates showed a SUL R phenotype and it was possible to identify at least one sul gene in 63 (88.7%) of them. The following combinations of sul genes were detected (number of isolates): sul1 (22); sul1 + sul2 (17); sul1 + sul3 (3); sul2 (17); sul2 + sul3 (1); and sul3 (3). In addition, as previously indicated, 52 of the 71 SUL R isolates contained class 1 integrons, 1 isolate a class 2 integron and another isolate carried both class 1 and 2 integrons.

The genetic environment of the sul1 gene was associated with class 1 integrons in 36 (85.7%) of the 42 sul1-positive isolates, as previously indicated (Table 1).

A c c e p t e d M a n u s c r i p t

The sul3 gene was associated with a non-classic class 1 integron (lacking the 3'-CS) in five of the seven sul3-positive isolates, and the following structures were detected: dfrA12 + orfF + aadA2 + cmlA1 + aadA1 + qacH + IS440 + sul3 + orf1 + mef(B) + IS26 (2 isolates); estX + psp + aadA2 + cmlA1 + aadA1 + qacH + IS440 + sul3 + orf1 + mef(B) + IS26 (2 isolates); and dfrA12 + orfF + aadA2 + cmlA1 + aadA1 + qacH + IS440 + IS10 + sul3 + orf1 + mef(B) + IS26 (1 isolate). This last structure has been included in the GenBank database with the accession no. FJ587511 (Fig. 1), although it was previously described in a clinical human E. coli isolate [START_REF] Sunde | Genetic linkage between class 1 integrons with the dfrA12-orfF-aadA2 cassette array and sul3 in Escherichia coli[END_REF]. The sul3 gene was identified in two additional isolates, but non-related to class 1 integrons. In one of them, the sul3 gene was linked to qacH and to the macrolide efflux gene mef(B), identifying the following structure: qacH + IS440 + sul3 + orf1 + mef(B) + IS26 (Fig. 1). The genetic context of the other sul3-positive isolate could not be identified because all the performed PCRs were negative. The qacE1-sul1 fragment replaced by qacH-IS440-sul3 sequence in the sul3-positive strains has been previously reported [START_REF] Soufi | Prevalence and diversity of integrons and associated resistance genes in Escherichia coli isolates from poultry meat in Tunisia[END_REF][START_REF] Chuanchuen | Characterization of class 1 integrons with unusual 3' conserved region from Salmonella enterica isolates[END_REF][START_REF] Sunde | Genetic linkage between class 1 integrons with the dfrA12-orfF-aadA2 cassette array and sul3 in Escherichia coli[END_REF], even associated with the mef(B) gene [START_REF] Liu | Characterization of a novel macrolide efflux gene, mef(B), found linked to sul3 in porcine Escherichia coli[END_REF].

The genetic environment of the sul2 gene was identified in 32 (91.4%) of the 35 sul2positive E. coli isolates, detecting eleven different genetic structures (Fig. 2). The most frequent structure contained the repC + sul2 + strA-strB + IS26 + tnpB structure. It is interesting to note that four E. coli isolates presented the strA-strB genes but they were truncated: In this sense, the dfrA14 gene cassette is integrated into the strA gene in three isolates, and IS150 disrupts the strB gene in one isolate.

The whole genetic structure that includes IS150 truncating strB has not been previously described and has been registered in the GenBank database with the accession no. FJ705354 (Fig. 2). A frequent association of the sul2 gene with strA-A c c e p t e d M a n u s c r i p t strB genes was demonstrated in all cases, similar to previous observations [START_REF] Bean | Plasmids imparting sulfonamide resistance in Escherichia coli: implications for persistence[END_REF].

Disruption of the strA gene by insertion of a functional trimethoprim gene cassette, dfrA14, has been previously reported in human E. coli isolates in Nigeria [START_REF] Partridge | Gene cassettes and cassette arrays in mobile resistance integrons[END_REF]. In this study we found another disrupted gene, strB, but in this case by the insertion of IS150, to our knowledge the first time this has been reported. The 1443-bp E. coli transposable element IS150, a member of the widespread IS3 family, contains two consecutive out-of-phase open reading frames (ORFs), orfA and orfB, that partially overlap. These ORFs encode three proteins, InsA, InsB and InsAB, which are jointly encoded by both ORFs by means of programmed translational frame-shifting [START_REF] Haas | Escherichia coli insertion sequence IS150: transposition via circular and linear intermediates[END_REF].

Characterisation of other antimicrobial resistance genes and phylogenetic groups

The presence of other resistance genes was also studied in the 71 SUL R isolates. In total, 60 ampicillin-resistant isolates were detected, 34 of which harboured a bla TEM lactamase gene and 1 additional isolate harboured the bla OXA-1 gene. Seven of these isolates also showed resistance to cefotaxime or ceftazidime, and all of them were ESBL-producers. The gene encoding CTX-M-14a -lactamase was detected in six of these isolates and the gene encoding SHV-12 enzyme in the remaining ESBLpositive isolate, all of them containing integrons. The 71 SUL R E. coli isolates were typed to determine their phylogenetic groups.

Phylogroup B2 was detected in 26 (36.6%) of the isolates and phylogroups D, A and B1 in 29.6%, 26.7% and 7%, respectively.

In summary, 40% of the E. coli isolates from blood cultures contained integrons, mainly class 1. In addition, 52.6% showed a SUL R phenotype, most of these isolates harbouring sul genes (88.7%); sul1 and sul2 were the most frequently genes detected in SUL R isolates, one-third of them harbouring more than one sul gene. In most of the cases, sul1 and sul3 genes have been found associated with classic and non-classic class 1 integrons, respectively. On the other hand, most of sul2-positive isolates contained this gene associated with strA-strB genes, showing a variety of genetic structures, one of them not previously described. Thus, sul genes, which confer resistance to old antimicrobial agents, are very frequently detected in blood E. coli isolates, in most cases in close association with other resistance genes for nonrelated antimicrobial agents, and these determinants could be important in the selection and dissemination of antimicrobial-resistant bacteria. 

A

  c c e p t e d M a n u s c r i p t performed to detect the gene cassettes (aadA, dfr, cmlA, ereA, estX, psp and tet)

  Among 40 tetracycline-resistant isolates (36 containing integrons), 15 isolates carried tet(A), 14 carried tet(B) and 2 carried tet(D) genes. The remaining nine tetracyclineresistant isolates did not contain tetracycline resistance genes. In addition, 20 gentamicin-resistant isolates were detected [7 with the aac(3)-II gene and 2 with the aac(3)-IV gene] and 18 kanamycin-resistant isolates were identified [12 with the A c c e p t e d M a n u s c r i p t aph(3')-Ia gene]. Finally 14 chloramphenicol-resistant isolates were identified, 6 of which harboured the cmlA gene, 1 presented the floR gene, and chloramphenicol acetyltransferase activity was demonstrated in other 3 isolates.

Fig. 1 .

 1 Fig. 1. Genetic structures associated with the sul3 gene (6 isolates).

Fig. 2 .

 2 Fig. 2. Genetic structures associated with the sul2 gene (32 isolates).

  , 28.9%; gentamicin, 14.9%; kanamycin, 14.1%; streptomycin, 47.4%; tetracycline, 35.5%; sulphonamides, 52.6%; trimethoprim/sulfamethoxazole, 35.5%; chloramphenicol, 11.1%; and imipenem, 0%. Resistance to one or more antimicrobial

	agents was observed in 124 isolates (91.9%). Eighty-seven isolates (64.4%)
	presented a multiresistant phenotype (resistance to three or more antimicrobial
	M families) and 25 isolates (18.5%) exhibited resistance to at least five different families of antimicrobial agents. Moreover, 10 (7.4%) of the 135 isolates exhibited a positive a n u s c r i p t ESBL test.
	A c c e p t e d
	cefotaxime, 8.1%; ceftazidime, 3%; aztreonam, 5.2%; nalidixic acid, 40.1%;

ciprofloxacin
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a intI1 was truncated by the insertion sequence IS26 in two isolates, one with dfrA17 + aadA5 and another with dfrA1 +aadA1 as gene cassettes.

b Not sequenced; determined by PCR mapping and could be aadA1 or aadA2.

c Long structure associated with sul3 and described in Fig. 1.