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SUMMARY
.A total of 59 home made mozzarella cheese samples were taken at a local producer in the Jequitinhonha Valley (Northeast of Minas Gerais, Brazil).  A hundred-forty-seven E .coli isolates from the cheese were screened for resistance to 12 antimicrobial agents. Predominant resistance was to tetracycline (52.4%), cephalothin (44.2%), amikacin (34.1%), ampicillin (31.3%) and nalidixic acid (30.0%).Multidrug resistance was found in high level (60.0%) what represent a reason for concern due to the risk of dissemination of antimicrobial resistant genes to the microbiota of human beings.
KEY-WORDS: mozzarella cheese, Escherichia coli, antimicrobial resistance, multidrug resistance.
RESUMO
.Um total de 59 queijos mussarela de fabricação caseira foi coletado em um pequeno produtor no vale do Jequitinhonha (Nordeste de Minas Gerais, Brasil).  Cento e quarenta e sete isolados de E. coli recuperados dos queijos foram examinados para sua resistência frente a 12 agentes antimicrobianos. As principais resistências foram detectadas para tetraciclina (52,4%), cefalotina (44,2%), amicacina (34,1%), ampicilina (31,3%) e ácido nalidíxico (30,0%). A resistência a múltiplas drogas foi encontrada em um nível elevado entre as bactérias examinadas (60,0%) o que representa um motivo de preocupação devido ao risco de disseminação de genes de resistência aos antimicrobianos na microbiota humana.
PALAVRAS-CHAVE: queijo mussarela, Escherichia coli, resistência antimicrobiana, resistência a múltiplas drogas.
INTRODUCTION

Cheesemaking is a major industry worldwide, and much is still practiced on a relatively small scale with only basic hygienic practices (KOUSTA et al., 2010; DIAS et al., 2012).  Mozzarela in this study is a hand-made cheese with a small scale production at the farm where the milk is produced. In Minas Gerais this is the most produced cheese (TEIXEIRA et al., 2007) and used only bovine milk in the manufacturing of this cheese. Although mozzarella cheese receives a severe heat treatment during curd stretching, some investigators have demonstrated the possibility of a post-heat treatment contamination with organisms originally derived from manufacturing environments or from human manipulator (DIAS et al., 2012). 

Antimicrobial resistance has been recognized as an emerging worldwide problem both in human and veterinary medicine, usage of antimicrobial is considered the most important factor for the emergence, selection and dissemination and selection of antimicrobial resistant bacteria (UNLU et al, 2011).

The emerging antibiotic resistance in the Enterobacteriaceae family is a significant problem that requires immediate attention. The increasing prevalence of antibiotic resistant Enterobacteriaceae especially Escherichia coli, not only pathogenic but also commensal bacteria, suggests that the community can act as a reservoir and that food can contribute to the spread of these resistant strains (AMADOR et al., 2009). E. coli is commonly present in the intestinal tract of humans and animals and its detection in processed foods is an indication of fecal matter contamination. It also evidence the inadequate control of the environment of the processing unit of cheese, the personal hygiene of the food handlers and the poor quality of the finished product (KOUSTA et al., 2010; DIAS et al., 2012). The present study was conducted to investigate the occurrence of E. coli in mozzarella cheese produced in a small farm in Minas Gerais and to determine the antimicrobial resistance of the E. coli isolates for a panel of 12 antimicrobial drugs commonly used in human and veterinary medicine.
MATERIAL AND METHODS

Sample collection and culture 

In this study 59 raw milk cheese samples (mozzarella cheese) collected at the producer level at a farm in the Jequitinhonha Valley (Northeast of Minas Gerais, Brazil) during the period of July 2004 to January of 2006 were analyzed. Fifteen cheeses samples were collected each six months, (one sample was lost, total 59 samples) in two different day’s collection from different batches; for this study, a batch is defined as the cheese produced in one day. All samples were kept under refrigeration in plastic bags; information about dates of production and of assigned shelf lives was not presented. Samples were transported under refrigeration (4-6oC) in thermal boxes containing ice packs and were tested immediately after arrive at the laboratory. A 25 g portion of each cheese was blended with 225 mL of nutrient broth (Difco, Detroit, USA) for two min at normal speed using a Stomacher lab blender and incubated at 37oC for 24h. A 1mL sample of the nutrient broth culture was mixed with 9 mL of MacConkey broth (Oxoid, Hampshire, UK) and further incubated at 37oC for 24h. One loop of each tube was streaked on MacConkey agar.  At least five colonies from each plate with typical E. coli morphology were selected and examined by biochemical tests, including hydrogen sulphide, citrate, urease and indole (KONEMAN et al., 1997). 
Susceptibility testing

Antimicrobial susceptibility tests were performed using the disk diffusion method recommended by the National Committee for Clinical Laboratory Standards (NCCLS 2002). All E. coli isolates were inoculated in Brain Heart Infusion broth and incubated at 37oC for 24h. Furthermore, 100μL of these overnight cultures were streaked on Mueller Hinton agar (MHA, CM0337, Oxoid); after that, antibiotic disks (CEFAR, São Paulo, BR) were applied on the surface. The concentrations of antimicrobials were as follows: ampicillin(AMP,10μg);amoxicillin(AMO,10μg);tetracycline(TET,30µg);amoxicillin/clavulanic acid (AMC,30μg); amikacin (AMK,30μg); cephalothin (CFL,30μg); ceftriaxone (CEF,30μg); gentamicin (GEN,5μg); streptomycin (STR,10μg); nalidixic acid (NAL,30μg); cotrimoxazole (COT, 25μg); ciprofloxacin (CIP,5μg). MHA plates were incubated at 37oC and evaluated after 24h of incubation. All zones that appeared were measured using a ruler and the isolates classified as resistant, intermediate or susceptible according to the NCCLS (2002) (actually Clinical and Laboratory Standards Institute- CLSI) guidelines. E. coli ATCC 43889 and E. coli ATCC 8739 strains were used as a control.
RESULTS AND DISCUSSION
A hundred and forty seven E. coli strains were isolated from 38 mozzarella cheeses (64.4%) positive for E. coli in the samples analyzed; this result was less than reported by Teixeira et al. (2007) who found that 90.0% of the mozzarella whey from different regions of Minas Gerais was contaminated with E. coli. The isolates were tested for antimicrobial susceptibilities profiles against 12 different antimicrobial agents. The results of all E. coli isolates are summarized in Figure 1. The E. coli isolates in mozzarella cheese showed the highest resistance to tetracycline (52.4%), cephalothin (44.2%), amikacin (34.1%), ampicillin (31.3%) and nalidixic acid (30.0%). The susceptibility to ciprofloxacin, ceftriaxone and cotrimoxazole was observed in very high percentages 93.3%, 91.2% and 90.5% of the isolates respectively (Figure 1). Amador et al (2009) examined 20 cheese samples in Portugal and reported a high antimicrobial resistance among the E. coli isolates to tetracycline (46.5%) what agree with the present study. Unlu et al (2011) examined 600 cheese samples in Turkey and reported a high antimicrobial resistance to tetracycline (58.6%) and ampicillin (53.3%) among the E. coli isolates what agree with the present study. The antimicrobial resistance among the Enterobacteriaceae to beta-lactams, aminoglycosides, sulfamethoxazole/trimethoprim and tetracyclines has increased dramatically (SCHROEDER et al, 2004; PATERSON, 2006) due to the extensive use of these antimicrobial drugs in veterinary practice.  Paneto et al (2007) examined 50 Minas frescal cheese samples in Brazil and the reported antimicrobial resistance found among the E. coli isolates was similar with the present study for ampicillin (29.0%), cephalothin (60.0%) and nalidixic acid (40.0%) but less than for tetracycline (31.0%) what agree with the reports above mentioned. A multidrug resistant (MDR) phenotype was defined for isolates resistant to three or more antimicrobial drugs that were structurally unrelated.  MDR was seen in 60.0% of the isolates in the present study and resistance to 3 or 4 antibiotics was the most common among them, including TET, AMK, NAL (11 isolates); STR, NAL, CIP (6 isolates); AMP, TET, NAL (6 isolates), AMP, TET, STR (4 isolates) and AMO, CFL, TET, NAL (4 isolates) what represent 34.0% of the total of multidrug resistant phenotypes recovered. The frequency of MDR found in the present study was the double of the frequency reported by Amador et al (2009) to E. coli isolates from cheeses in Portugal (31.0%) and also the most prevalent resistant phenotypes from Portugal were completely different to those reported in the present study. The possibility of a horizontal transmission of antimicrobial resistant genes from food to the human microbiota may become a major health concern because several studies have reported this transfer in the food chain (ANGULO et al, 2004). Humans can be colonized with antimicrobial-resistant E. coli of animal origin, and because of resistance to commonly used antimicrobial agents, these bacteria may cause infections for which limited therapeutic options are available.
Experimental studies have already shown that a treatment at high temperature such as curd stretching at 80oC for 5 min during the manufacture of cow’s milk mozzarella cheese has been shown to effectively control E. coli strains growth (SPANO et al., 2003). In the present study a curd stretching at 75 – 85oC for at least 10 min was reported by the farmer producer, indicating an efficient heat treatment. The identification of the source of contamination was beyond the scope of this study since we aimed to analyze the potential hazard of the cheese available as a vehicle for the dissemination of E. coli as it reaches the final customer, however cheese can be easily contaminated by food handlers who practice poor personal hygiene (KOUSTA et al, 2010) at some point during cheese preparation and/or assembly line.
Campos et al (2009) reported the analysis of 92 samples from food handlers, 24 samples of raw milk and 24 samples of Minas frescal cheese for the presence of E. coli in a dairy processing plant of Goías State. Forty-seven E. coli strains were obtained and compared by DNA macrorestriction patterns obtained from pulse-field gel electrophoresis (PFGE). Based on PFGE genotyping, one strain isolated from the hands of a food-handler was identical to one strain from cheese, suggesting, in that case the probable source of E. coli contamination in cheese. Dias et al (2012) reported on the implementation of Good Manufacturing Practices (GMP) in a small processing unit of mozzarella cheese in Paraná, Brazil that the main hurdles for the implementation of GMP were related to the difficulties to change the hygiene practices of food handlers. Research and educational efforts identifying potential on-farm risk factors will better enable dairy products to reduce/prevent foodborne pathogens contamination of dairy products leaving the farm. Identification of on-farm reservoirs could aid with implementation of farm-specific bacterial reduction programs.
 To conclude, the present study showed a high antimicrobial resistance among the E. coli isolates from mozzarella to tetracycline, cephalothin, amikacin, ampicillin and nalidixic acid as well as a high MDR phenotype. So a mozzarella cheese could be considered a vehicle for the transmission of the MDR E. coli and the dissemination of the antimicrobial resistance genes to human microbiota what is a reason for concern.
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Figure1. Resistance proportions of Escherichia coli strains from mozzarella cheese (n=147) in Brazil. AMP- ampicillin; AMO- amoxicillin; AMC- amoxicillin/clavulanic acid; CFL- cephalothin; CEF- ceftriaxone; TET- tetracycline; GEN- gentamicin; STR- streptomycin; AMK- amikacin; NAL- nalidixic acid; CIP- ciprofloxacin; COT- cotrimoxazole.
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