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Escherichia coli in eggshells and ready-to-eat products
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The principal objective of this study was to assess whether chicken eggshells may be contaminated by ESBL-producing E. coli (ESBLC). Additional analysis were carried out to determine if ESBLEC could be detected in other foodstuffs such as cooked poultry or fresh vegetables. Seventy-two eggshells from different supermarkets and stores and 32 salads, 30 samples of cooked poultry and 6 samples of chicken-based pet food samples were analysed.

Characterization of ESBL was performed by PCR and sequencing. Antimicrobial resistance was determined by disk diffusion method. Phylogenetic group was assigned by multiplex-PCR. No ESBLEC was isolated from chicken eggshells, cooked chicken and pet food. One SHV-12producing E. coli was isolated from a salad sample. This is the first study to analyse chicken eggs in an area where there is a high prevalence of ESBLEC in retail chicken meat.

Introduction

The emergence and dissemination of extended spectrum beta-lactamase-producing E. coli (ESBLEC) in the community setting has become a serious worldwide public health problem.

The spread of ESBL-producing E. coli outside the hospital environment could compromise the future usefulness of expanded-spectrum beta-lactam antibiotics for the treatment of serious infections such as complicated urinary tract infections and bacteraemia. In recent years, plasmid-encoded ESBLs have been increasingly observed in E. coli isolates taken from raw meat [START_REF] Jensen | First description of an oxyimino-cephalosporin-resistant, ESBL-carrying Escherichia coli isolated from meat sold in Denmark[END_REF][START_REF] Mesa | Extended-spectrum beta-lactamase-producing Enterobacteriaceae in different environments (humans, food, animal farms and sewage)[END_REF], in cloacal swabs from both healthy and sick food animals [START_REF] Brinas | Detection of CMY-2, CTX-M-14, and SHV-12 beta-lactamases in Escherichia coli fecalsample isolates from healthy chickens[END_REF] and from pets [START_REF] Carattoli | Extended-spectrum beta-lactamases in Escherichia coli isolated from dogs and cats in Rome, Italy, from 2001 to 2003[END_REF]8,[START_REF] Teshager | Isolation of an SHV-12 beta-lactamase-producing Escherichia coli strain from a dog with recurrent urinary tract infections[END_REF]. Several recent studies have focused on raw chicken meat as a possible source of quinolone-resistant E. coli isolates in the community [START_REF] Johnson | Isolation and molecular characterization of nalidixic acid-resistant extraintestinal pathogenic Escherichia coli from retail chicken products[END_REF][START_REF] Warren | Imported chicken meat as a potential source of quinoloneresistant Escherichia coli producing extended-spectrum beta-lactamases in the UK[END_REF]. We recently found ESBLproducing E. coli in 67% of raw samples from retail chickens in our area, being SHV-12 the most prevalent ESBL [START_REF] Doi | Extended-spectrum and CMY-type betalactamase-producing Escherichia coli in clinical samples and retail meat from Pittsburgh, USA and Seville, Spain[END_REF]. There are differences between egg producing poultry and poultry produced for meat treatments. However little is known about the role of other commercial poultry products as chicken eggs in the epidemiology of ESBL. The principal aim of this study was to assess the extend of eggshell contamination by ESBLEC. Additionally, analysis of other food, as cooked chicken and fresh vegetables, could help to determine whether ESBLEC could be detected in ready-to-eat products.

Material and Methods

Between June and October 2008, a total of 140 samples of poultry products and fresh vegetables were analysed, with the shells of 22 pre-packed and 50 loose chicken eggs, along with 32 salads, 30 samples of cooked poultry and 6 samples of chicken-based pet food being processed. The chicken eggs and the pet food were purchased in different supermarkets and grocery shops in northern Seville, Spain. The cooked chicken and fresh salads were kindly provided by volunteers. Refrigerated samples were transported to the laboratory in sterile recipients and tested within 24 hours of collection. The eggshells were sampled by shaking incubation in buffered peptone water [START_REF] Musgrove | Identification of Enterobacteriaceae from washed and unwashed commercial shell eggs[END_REF]. Food samples were homogenized with a Stomacher® blender in predetermined volumes of peptone broth. Lactose-positive bacteria were quantified by plate count on MacConkey agar (Oxoid, Ltd, England) for all samples. After overnight incubation at 37 ºC, broths were plated on MacConkey agar supplemented with 1mg/l cefotaxime or ceftazidime. A representative of each E. coli-like variant from plates showing presumptive E. coli colonies was sub-cultured onto blood agar plates for further identification.

Presumptive colonies of E. coli were identified by standard biochemical methods. ESBL production was determined by the double disk diffusion method following CLSI guidelines [START_REF]Performance Standards for Antimicrobial Susceptibility Testing: Nineteenth Informational Supplement[END_REF].

ESBL-encoding genes were characterized by PCR using specific primers for the CTX-M-9- [START_REF] Sabate | Cloning and sequence of the gene encoding a novel cefotaxime-hydrolyzing beta-lactamase (CTX-M-9) from Escherichia coli in Spain[END_REF],

SHV- [START_REF] Rasheed | Evolution of extended-spectrum beta-lactam resistance (SHV-8) in a strain of Escherichia coli during multiple episodes of bacteremia[END_REF] and CTX-M-1-groups [START_REF] Oteo | Spread of Escherichia coli strains with high-level cefotaxime and ceftazidime resistance between the community, long-term care facilities, and hospital institutions[END_REF] and then sequenced. Susceptibility was determined by the disk diffusion method using Mueller-Hinton agar medium. Phylogenetic group was assigned by the multiplex PCR-based method, as described previously [START_REF] Clermont | Rapid and simple determination of the Escherichia coli phylogenetic group[END_REF].

Results and discussion

There was high lactose-positive bacterial contamination (>3 log CFU/ml) in 6.7% of cooked poultry, 9.4% of salad samples and 33% of pet food samples. A very low coliform contamination (<1 log CFU/ml) was detected among chicken eggshells by direct plate count. No ESBLEC was found after 24 and 48 h incubation in chicken eggshells. Cooked poultry from volunteers and pet food samples were also found to be negative, but one ESBL-producing E. coli was isolated from a salad sample (3%). The enzyme was characterized as SHV-12 and the isolate was assigned to the B1 phylogenetic group. Following CLSI criteria [START_REF]Performance Standards for Antimicrobial Susceptibility Testing: Nineteenth Informational Supplement[END_REF], the strain was resistant to nalidixic acid and ciprofloxacin, intermediate to amoxicillin/clavulanic acid and susceptible to amikacin, gentamicin and tobramycin.

Several studies concerning ESBLEC isolated from farm animals have been published to date [START_REF] Blanc | ESBL-and plasmidic class C beta-lactamase-producing E. coli strains isolated from poultry, pig and rabbit farms[END_REF][START_REF] Brinas | Detection of CMY-2, CTX-M-14, and SHV-12 beta-lactamases in Escherichia coli fecalsample isolates from healthy chickens[END_REF][START_REF] Duan | Escherichia coli producing CTX-M beta-lactamases in food animals in Hong Kong[END_REF]. Furthermore, in Denmark, CTX-M-producing E. coli isolates from healthy layer flocks (not exposed to antimicrobial agents) were found in samples of feces collected from the floor and cloacal swabs [START_REF] Bortolaia | Escherichia coli producing CTX-M-1, -2, and -9 group beta-lactamases in organic chicken egg production[END_REF] so that we might have expected to find ESBLEC among eggshells, which may be contaminated through contact with feces and dust in a soiled environment as well as passing through the vent [START_REF] Huneau-Salaun | Factors influencing bacterial eggshell contamination in conventional cages, furnished cages and free-range systems for laying hens under commercial conditions[END_REF]. In order to protect consumers, individual country regulations permit various sanitation procedures for chicken eggs, such as ultraviolet radiation [START_REF] Chavez | Reduction of eggshell aerobic plate counts by ultraviolet irradiation[END_REF], gaseous ozone [START_REF] Rodriguez-Romo | Inactivation of Salmonella enterica serovar Enteritidis on shell eggs by ozone and UV radiation[END_REF], chlorine [START_REF] Patterson | Hatching eggs sanitized with chlorine dioxide foam: egg hatchability and bactericidal properties[END_REF] or heat treatments [START_REF] Manfreda | Hot air treatment for surface decontamination of table eggs experimentally infected with Salmonella, Listeria, and Escherichia coli[END_REF] to avoid the risk of infections and outbreaks caused mainly by Salmonella. In Spain, as well as in the rest of the European Union, egg washing procedures are specifically banned, although the use of ultraviolet radiation is permitted, as is excluding dirty eggs from direct consumption. Such sanitation measures might indirectly reduce the viable coliform load in the eggshell and could provide a possible explanation for the absence of viable ESBLEC in eggs destined for commercial purposes. In the other hand, in most countries egg laying poultry receive very little in the way of antibiotics (other than anticoccidiostats). In particular they don't receive fluoroquinolones in their water supply nor are they injected with either aminoglycosides or third generation cephalosporins which frequently occurs for meat producing chickens (broilers) either immediately before they hatch or after they hatch.

The differences found between raw meat and eggshell could reflect the impact of antibiotic use in chickens, but further analysis which included comparation of meat and fecal flora from both broilers and laying hens are required. To the best of our knowledge, this is the first survey of ESBLEC in chicken eggs. The cooking procedures carried out to prepare pet food and ready to consum food could have reduced E. coli counts and therefore ESBLEC become undetectable.

Our results support others suggesting that fresh vegetables might be contaminated with ESBLEC during meal preparation [START_REF] Mesa | Extended-spectrum beta-lactamase-producing Enterobacteriaceae in different environments (humans, food, animal farms and sewage)[END_REF]. Our study presents several limitations. The sample size of each product was small and not randomized and analysing ESBLEC contamination of raw ingredients before cooking would have been useful for estimating risk at different processing levels. Nevertheless, there is only limited information about the current prevalence of ESBLEC in poultry farms [START_REF] Mesa | Extended-spectrum beta-lactamase-producing Enterobacteriaceae in different environments (humans, food, animal farms and sewage)[END_REF][START_REF] Smet | Diversity of extended-spectrum beta-lactamases and class C beta-lactamases among cloacal Escherichia coli Isolates in Belgian broiler farms[END_REF] and retail food [START_REF] Doi | Extended-spectrum and CMY-type betalactamase-producing Escherichia coli in clinical samples and retail meat from Pittsburgh, USA and Seville, Spain[END_REF] and even less available data about ready-to-eat food [START_REF] Mesa | Extended-spectrum beta-lactamase-producing Enterobacteriaceae in different environments (humans, food, animal farms and sewage)[END_REF], so that our data provide further information in a setting where there is high contamination of retail chicken meat [START_REF] Doi | Extended-spectrum and CMY-type betalactamase-producing Escherichia coli in clinical samples and retail meat from Pittsburgh, USA and Seville, Spain[END_REF] by several ESBLs.
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