ATTACHMENT 1.  METHODS

Project Title: Control of Food-Borne Pathogens in Pre and Post Harvest Environments

Requested Project Duration: October 1, 2007 to September 30, 2012
Methods

Common procedures will be developed between collaborators during these investigations.  When ever possible the Bacteriological Analytical Manual (BAM, http://www.cfsan.fda.gov/~ebam/bam-toc.html) procedures will be used for enumeration and identification of the pathogens in the food products.  
Objective 1.  Develop or improve methods for control or elimination of pathogens in pre-and post harvest environments including meat, poultry, seafood, fruits and vegetables and nutmeats.  

A. Post-Harvest Food Safety:

Inoculation of seafood and fish (LA, MS, VA): Listeria monocytogenes or Salmonella spp. will be grown in BHI broth at 37°C for 24 h.  The culture (5 ml) will then be added to a sterile dip cup and diluted in 45ml of PBS buffer.  The seafood and smoked fish samples will be inoculated by dip method for 1 min. and allowed to sit for 1 h to ensure adhesiveness of cells to the sample surface.  Following inoculation, each sample will be treated with either edible coatings containing antimicrobial agents, cetylpyridinium chloride (CPC) or acidified sodium chlorite (ASC).  Samples will be stored at 4°C under simulated industry conditions and L. monocytogenes counts determined on modified Oxford (L. monocytogenes) or XLD (Salmonella spp.) media at day 0, 2, 4, 6, and 8.

Preparation of sanitizers (LA, MS):  Seven solutions of cetylpyridinium chloride (CPC) will be prepared in sterilized deionized water at concentration levels of 0.05%, 0.1%, 0.2%, 0.4%, 0.6%, 0.8%, and 1.0%.  All solutions will be made fresh prior to conducting experiment and will be used at room temperature within 1 h.  Sodium chlorite solution (Keeper Professional ( Bio-Cide International, Inc.) will be mixed with citric acid and sterile distilled water to form the acidified sodium chlorite solution.  The mixing process will be done according to manufacturer’s instructions with sterile distilled water.  The sodium chlorite concentrate (Keeper Professional) will be mixed with citric acid and allowed to activate for 10 minutes.  The solution concentrate (pH 2.62) will be then diluted with sterile distilled water to 250, 500, 750 and 1000 parts per million (ppm).  The various treatments will be placed in sterile specimen cups and held for one hour at room temperature before being used. Cetylpyridinium chloride treatment will be analyzed at concentrations of  0.05, 0.1, 0.2, 0.4, 0.6, 0.8, and 1.0%.

Edible coating treatment (LA): We will evaluate agar gels (0.75% or 1.25%), chitosan coatings, 15% whey protein films, 5% soy protein films or 0.5% calcium-alginate films with a combination of the most effective antimicrobial agents as determined above (Natrajan and Sheldon, 2000a-b).  In addition, zein propylene glycol liquid film and zein prolamine powder preparations will be obtained from Freeman Industries, L.L.C., Tuckahoe, New York.  The antimicrobial agents incorporated into the edible films will include nisin, lauric acid or lysozyme in combination with chelating agents needed to reduce the bacterial species inoculated onto the surface of food products.  Nisin at a concentration of 500 IU/g, 1000 IU/g 1500 IU/g or 2000 IU/g of film solutions with and without added EDTA at 15 or 30 mM.  Lysozyme will be tested at concentrations of 33, 66 and 99 mg/g of film solutions with and with out EDTA at 15 or 30 mM (Padgett et al., 2000).  Lauric acid at concentrations of 4 and 8% (w/w) will be added to the test film solutions with and without added EDTA at 15 or 30 mM (Padgett et al., 2000).  

Inactivation of Viruses by Pressure in Ready-To-Eat (RTE) Seafood Products (DE):  The laboratory research goals of projects in seafood high pressure processing (HPP) include studying responses of various enteric viruses (hepatitis A and norovirus surrogates) and bacteriophage (6 different phage as surrogates for human viruses) in ready-to-eat food products.   Comparison studies will include realistic HPP in tissue culture media and model food products.  Experimental variables for study will include pressure magnitude, treatment time, and temperature of different foods including a seafood salad and an oyster slurry.  HPP-treated RTE products will be evaluated using consumer taste panels that will educate consumers on foodborne viruses and the potential HPP impact on food safety and preservation.

The high pressure processing machine is a two year old Avure PT-1 laboratory scale single-cell unit with a working volume of 20 ml.  The unit is rated at 700 MPa with temperature control from -20 to 95(C.  Samples are placed in a plastic bag and sealed and then placed in the water filled chamber.  The unit comes to temperature and a uniform pressure is exerted on the entire contents of the bag inside the chamber.  Both pressure and temperature are controlled through a computer interface through which the process can be monitored.


The pressure response of at least four different strains of E. coli bacteriophage along with the norovirus surrogates and hepatitis A virus will be examined in various seafood products. Standardized amounts will be inoculated with specified amounts of virus, and then placed in a tightly fitted bag and vacuum sealed.  Inoculation will simulate potential environmental viral contamination of ready-to-eat products or that from a processing facility or in a post-processing environment by a contaminated food handler.  Virus inactivation will be determined after HPP processing.  Virus will be recovered and infectivity determined in cell culture for hepatitis A and norovirus surrogates and in E. coli K803 for bacteriophage using plaque assays.  

Use of antimicrobial packaging films to control Listeria monocytogenes in fish and fish Products (DE):  Five different commercial polymeric films (DuPont, DE, U.S.A) will be used in this study: low density polyethylene (LDPE); Ethylene Vinyl Acetate copolymer (ELVAX 3128) and Ethylene-co-methacrylic acid copolymers (SURLYN® 1601, NUCREL® 0403 and NUCREL® 0903). 
The films will be coated with 1000 IU/cm2 of nisin. Nisin activity of packaging films stored at ambient and refrigeration temperatures (4(C) will be done qualitatively using an overlay inhibition zone assay. 

Inoculation of produce (NY, CA, SC, CU, UM): In order to reproducibly assess the decontamination treatments, fresh lettuce (iceberg or romaine) and other leafy greens will be obtained from local retail grocery stores or local produce growers and suppliers.  The produce samples (cut and whole leaf) will be spot inoculated with a cocktail of 5 E. coli O157:H7 strains and a cocktail of 5 Salmonella strains at different inoculation levels (103 to 106/g).  Inoculation will be performed by diluting the respective cocktail mixture approximately 100-fold with sterile water to achieve a 107 CFU/g inoculum level.  The produce samples will be immersed in the inoculum mixture for 10 minutes and then removed from the inoculum, spread over sterile cheese cloth and allowed to dry for 30 minutes in a biosafety cabinet.  A representative sample will be taken to determine the initial pathogen levels for each treatment as described below. To enumerate the E. coli O157:H7 and Salmonella, 10 g samples of each treatment will be homogenized with 90 ml of sterile 0.1% peptone and further 10 fold dilutions will be made using sterile 9 ml 0.1% peptone water blanks.  The dilutions will be plated onto XLD media for Salmonella isolation and O157 Chromagar for E. coli O157:H7  Total plate counts using Plate Count Agar, for the produce samples will also be determined to establish if any reduction of the normal sprout microflora occurs due to the various treatments.  All experiments will be plated in duplicate for each.

For samples that fall below detection limits (10 CFU/g), 25 g samples will then be analyzed for Salmonella using enrichment procedures according to the US FDA Bacteriological Analytical Manual (BAM) procedure that employs peptone water enrichment followed by selective enrichment in tetrathionate broth culturing and confirmation on XLT4 and SRV agar media.  Recovery of E. coli O157:H7 will follow FDA BAM enrichment procedures which entails 25 g sample of produce enriched in EEB (E. coli Enrichment Broth) for 24 hours at 37°C followed by direct plating on Tellurite-Cefixime Sorbitol MacConkey agar (TCSMAC) for confirmation.
Decontamination Treatments (NY, CA, SC, CU, UM): The response of several foodborne bacteria, viruses and protozoa to UV, ozone, and hydrogen peroxide and other decontamination treatments will be examined.  Bacterial foodborne pathogens to be used for the inoculated studies will include pathogenic E. coli strains associated with produce outbreaks and Salmonella spp. strains as described above.  

For UV decontamination studies, germicidal low pressure UV lamps will be used for surface decontamination studies on inoculated fresh and cut produce samples.  UV exposure levels will include 2.0, 4.0, 8.0 and 16.0 mJ/cm2 and the UV will be measured using a certified UVP radiometer.  The exposure times will vary depending on the distance from the source to the treatment surface and the level of UV exposure.  

Ozone inactivation studies will be performed using commercially available ozone generators (Oxygenie or Spartan).  Ozone concentrations for produce decontamination studies will include 3, 5, 7.5 and 10 ppm of free ozone.  Treatment times will range from 1-10 minutes depending on concentrations of ozone used and the produce items being studied.

Hydrogen peroxide and peracetic acid studies will be used solely or in combination treatments.  Levels of hydrogen peroxide will include 100, 300, 500 and 1000 ppm while peracetic acid treatment solutions will be 20, 40, 60 and 80 ppm for the decontamination studies.  Solution concentrations will be checked using commercially available test strips.  Inoculated produce samples will be treated at the various concentrations and sanitizer combinations for 1, 3, 5 and 10 minutes to determine the optimum treatment times for the varying concentrations.  Pathogen levels will be determined as described above. 

Control hypochlorite and water treatments: As controls, 100 g of inoculated produce sample (as described above) will be treated with 500 ml of freshly prepared 200 ppm free calcium hypochlorite and allowed to stand for 10 minutes.  The produce samples will be immediately rinsed with three successive rinses of 1-L sterile distilled water.  The surviving pathogen levels will be determined as described above.  The concentration of the free hypochlorite solution will be determined using free chlorine test kits (Hach, Loveland, CO).

As a control for no treatment solution, sterile distilled water will be used at the same volume and treatment time for each produce item, as the treatments described above. 

Viral and parasite inactivation studies: Test viruses will be from different virus families allowing for comparison between virus types to gain insight into their basic biology and response to decontamination processes.  They include hepatitis A, feline calicivirus (a surrogate for norovirus), aichi virus, coxsackie virus, and racoonpox virus (a surrogate for smallpox virus).  Two protozoan parasites to be investigated are Cryptosporidium parvum and Eimeria acervulina, the cause of poultry coccidiosis and a surrogate organism for Cyclospora cayetannensis.  This work will provide data as to the effectiveness of the various treatments for inactivation of viruses and protozoa on structurally different produce types.  

Various decontamination methods will be performed on identified fruits, vegetables and nutmeats using current recognized methods ( Beuchat, 1998; Jaquette et al., 1996; Zhang and Farber, 1996; Sapers et al., 2000, 2001; Annous et al., 2001).  Methodologies between states will be kept consistent to permit comparisons among treatments.
B. Pre-Harvest Food Safety

The hypothesis that primary infection of cattle with BVDV results in prolonged and increased levels of fecal E. coli O157:H7 shedding poses an important pre-harvest food safety risk factor for human food borne illness will be tested by comparing the quantity and duration of fecal E. coli O157:H7 shedding between calves undergoing a primary BVDV infection (Group A) and non-virus, sham-inoculated control calves (Group B).  The detection of E. coli O157:H7 and enumeration of E. coli O157:H7 colonies will be the variable of interest in this project.

Experimental design (A&M, AU, TX, OS):  Two groups of calves will be utilized for this experiment (groups A and B).  Seven-week old calves in group A (n=10 calves) will be infected with 106 TCID50 of the prototype BVDV-2 isolate, BVDV 890, while calves in group B (n=7 calves) will be inoculated with a sham inoculum consisting of cell culture media.  Four days later, calves in both groups A and B will be inoculated with E. coli O157:H7.  

Animals:  Calves used in this project will be maintained under veterinary supervision throughout the duration of the study.  Colostrum-deprived, male, Holstein calves will be obtained immediately after birth from Auburn University’s E.V. Smith Dairy Farm.  Calves will be housed in calf pens until weaning and randomly allocated to either group A (inoculation with BVDV and E. coli O157:H7) or group B (inoculation with sham and E. coli O157:H7).  Calves will be weaned at 5 weeks of age and moved into the Sugg Isolation Facility at 6 weeks of age.  BVDV-infected and non-infected calves will be housed in separate rooms.  After a one-week acclimation period in the isolation unit, the calves will be inoculated.


All calves will be given a physical examination, and any calves with a detectable congenital defect will be excluded.  In addition, all calves will be tested at birth for BVDV by virus isolation and by assay for antibodies to BVDV by virus neutralization.  The presence of BVD virus or antibodies to BVDV indicates evidence of transplacental infection, and calves with evidence of in utero exposure to BVDV will be excluded.  Fecal samples will be collected three times before experimental challenge to assure that calves are free of wild strains of E. coli O157:H7.  To provide passive immunity to prevent infectious diseases common to neonatal calves, plasma will be administered.  Calves will be given, by intravenous infusion, 500 mL of pooled plasma obtained from 6 BVDV antibody negative and virus negative donor steers.  These donor animals will be selected from the Auburn University BVDV-free research herd, and will be maintained in isolated pastures at the North Auburn Beef Unit operated by the Division of Animal Health Research.  Selection of the donors will include testing for BVDV and antibody to BVDV prior to plasma collection.  Calves will be fed a non-medicated milk replacer according to label directions at 12% of body weight twice daily for the first 6 weeks of the study period.  Addition of starter grain, hay, and free-choice water will begin at 2 weeks of age and continue throughout the study period.  

Virus inoculation:  The non-cytopathic BVDV-2 isolate 890, previously shown to induce neutropenia in calves (Walz et al., 1999), will be used for the experimental infection of calves in group A.  The BVDV isolate 890 will be propagated in Madin-Darby bovine kidney (MDBK) cells in Eagle’s minimum essential medium (EMEM), supplemented with 10% equine serum, L-glutamine, penicillin G (100 units/ml), and streptomycin (100 (g/ml).  Virus will be harvested from cells by a single freeze-thaw method, divided into aliquots, and stored (-80(C) until needed.  TCID50 will be determined in MDBK cells using the method of Reed and Munch (1938).  Calves in group A will be inoculated by intranasal aerosol administration with 106 TCID50 of the BVDV 890 isolate.  Group B calves will be inoculated by intranasal aerosol inoculation with a sham inoculum, prepared from an uninfected cell culture lysate.  The viral stocks will be diluted such that the total volume for instillation will be 2.0 ml per nostril.  The same volume of sham inocula will be used.  
E. coli O157:H7 inoculation:  Calves will be inoculated with a spontaneous nalidixic acid resistant (Nalr) isolate of E. coli O157:H7 strain ATCC 43895.  The organism will be grown in 12.5 mL of BHI broth (pH 5.5) to stationary phase.  Cell pellets will be harvested by centrifugation, washed, and suspended in 0.85% NaCl.  Calves will be inoculated by gastric lavage with a 50-mL inoculum of 0.85% NaCl containing 109 CFU of E. coli O157:H7 strain ATCC 43895 Nalr, followed by 500 mL of 0.85% NaCl. 

Clinical assessment:  Students hired as part of this project will assist with calf care and collection of specimens for analysis.  During the experiment, calves will be examined twice daily.  Rectal temperature, fecal volume and consistency, appetite, and general demeanor will be assessed.  

Hematology:  For complete blood cell counts (CBC), blood will be collected in evacuated tubes containing sodium EDTA 10 days before BVDV inoculation, on the day of BVDV or sham inoculation, on the day of inoculation with E. coli O157:H7, and then every other day until the conclusion of the study (4 weeks after O157 inoculation).  The AU-CVM Clinical Pathology Laboratory will perform the CBC’s.  The CBC’s will include hematocrit, total plasma protein, red blood cell count and red blood cell indices, white blood cell count and differential, and platelet count.

Virus isolation:  Virus isolation will be performed on each of the whole blood samples collected for hematology.  Whole blood will be collected in evacuated tubes containing sodium EDTA.  The whole blood will be processed by hypotonic lysis of the red blood cells to yield the white blood cell fraction.  The isolated white blood cells will then be resuspended in EMEM containing 10% equine serum, L-glutamine, and antibiotics.  The cell suspension will undergo co-cultivation on 25 cm3 flasks containing monolayers of MDBK cells and incubated for 5 days at 37(C and 5% CO2.  Following cultivation, 50 (l of the cell culture supernatant will be inoculated into duplicate wells on 96-well microtiter plates containing monolayers of MDBK cells in EMEM containing 10% equine serum and antibiotics.  After 3 days incubation at 37(C and 5% CO2, the cells will be stained for viral infection using an immunoperoxidase staining assay (Givens et al., 1999).  

E. coli O157:H7 detection and enumeration:  Following E. coli O157:H7 inoculation, calf fecal samples will be quantitatively cultured daily for the presence of E. coli O157:H7.  Fifty-gram specimens will be collected each morning and immediately transported back to the laboratory for culture.  Quantitative culture of the specimens will be performed by adding 1 g of feces to 9.0 ml of phosphate buffer followed by serial 10-fold dilution.  Samples will be vortex mixed for 30 sec and a 0.1-mL volume of each dilution will be plated in duplicate onto sorbitol MacConkey agar plates containing 35 µg/ml of nalidixic acid.  All plates will be incubated overnight at 37°C.  After 18-24 hours incubation at 37°C, the dilution plates will be examined and the colonies will be counted to determine the level of fecal E. coli O157:H7 shedding.  Three morphologically characteristic colonies will be confirmed as E. coli O157:H7 by a latex agglutination assay and API strip.  

In this experimental model, E. coli O157:H7 numbers drop below the detection level by direct plating (<103 CFU/g) after about two weeks.  To detect the organism in feces containing <103 CFU/g, fecal swabs will be enriched in BHI containing novobiocin (20 (g/mL), potassium tellurite (2.5 (g/mL), and nalidixic acid (35 (g/mL).  Following overnight incubation, the BHI cultures will be streaked onto Rainbow Agar O157 (Biolog, Inc., Hercules, CA) containing nalidixic acid (35 (g/mL).  Using this enrichment technique, the presence in fecal samples of as few as three organisms per fecal swab can be detected.  Suspect E. coli O157:H7 colonies will be evaluated and confirmed as E. coli O157:H7 using a latex agglutination assay.    The O157-positive isolates will be additionally confirmed as E. coli using API strips. 

Postmortem Examination:  Approximately 4 weeks after inoculation with E. coli O157:H7, all calves will be euthanitized with a lethal injection of barbiturate.  A postmortem examination will be performed and all gross postmortem lesions will be recorded.  Specimens of lung, liver, spleen, bronchial lymph node, rumen, abomasum, jejunum, ileum, mesenteric lymph node, and colon will be collected in 10% neutral buffered formalin for histopathologic examination.  In addition, luminal ingesta samples will be obtained from the ileum, cecum, and colon for E. coli O157:H7 detection and enumeration.  

Statistical analyses:  Data will be analyzed using STATA version 8 (Stata corp. 2003. Stata Statistical Software: Release 8.0. College Station, TX).  An ANOVA with repeated measures of calf over time and calf shedding level as the outcome variable will be used for the analysis. Effects of BVDV inoculation on shedding level and duration of shedding will be examined. 

Objective 2.  Develop and validate mathematical modeling to gain understanding of pathogen behavior in macro and micro-environments (VT, UA, AU, OS).

Chilling studies:  Temperature profiles of carcasses, meat products (primal and subprimal cuts) and pallets of egg cases at different locations and different depths will be measured under various chilling conditions while temperature will be measured in egg white while heating. Mathematical models will be developed to describe the chilling and heating rates using finite element analysis and computational fluid dynamics. These developed models will be validated in processing establishments using real-life scenarios. Microbial predictive models (e.g. Baranyi’s model and neural network models) will be developed using growth kinetics derived from microbial growth experiments at different temperatures. These models will be integrated with the mathematical models describing chilling of meat carcasses, egg cases and meat products to generate growth of food borne pathogens on the carcasses, eggs or meat products. These models will be validated using industry chilling parameters.  A model carcass chilling system (wind tunnel) has been fabricated at University of Nebraska to “simulate” the chilling systems being used in the industry.  This model system has controls for air velocity, temperature, and relative humidity. Humidity in the system is created by atomizing chilled water in the chamber. While majority of the industry uses intermittent water sprays to aid in chilling and prevent moisture loss, similar conditions can be created through atomizing chilled water for controlling humidity.  Analysis of data collected during simulations will be used to verify mathematical chilling models for various meat products

Cooking studies: Evaluate the ability of various empirical and fundamental engineering models to predict the lethality of selected pathogens in meat and poultry products. Model predictions show complete bacterial destruction after some finite time, yet experimental data exhibits long tails indicating a finite number of living bacteria after a long time.  The presence of a finite number of viable bacteria after a long time implies that the probability of survival of bacteria in a large number of beef batches is greater than zero.  Therefore, available non-linear and Weibull models are not sufficiently accurate to predict the effect of cooking processes on bacterial survival after long time.  This will be addressed by developing a new program to predict the experimental data we have previously collected on the thermal destruction of Salmonella species, E. coli O157:H7 and L. monocytogenes in ground beef under isothermal (one temperature) and non-isothermal (ramped heating and cooling rates) conditions (Smith et al., 2001; Gurajala, 2004).  Physical mechanisms relating the nature of long tails in microbial survival curves with microbial kinetics will be identified. 

Objective 3.  Investigate factors leading to the emergence, persistence and elimination of antimicrobial resistance in food processing and animal production environments

Antimicrobial resistance in environmental bacteria (KY): Environmental samples have been acquired from both non-antibiotic and antibiotic receiving farms.  These samples have been maintained frozen (-70oC) and will be thawed for analysis.  The sampling locations include: Lagoon (subsamples), water source (wells), manure pits, core soil samples (from areas where manure has been spread, and pasture).  Feed samples (corn-soybean meal) have also been obtained for the detection of any tetracycline resistance gene contamination that would assist in maintaining resistance in the animal population.  Bacterial populations in these samples will be analyzed for tetracycline resistance genes using PCR methods and two sets of primers - one specific for the V3 region of ribosomal DNA that is conserved and present in all bacteria and a second set for all tetracycline resistance genes.

The role of lactobacilli in maintenance of resistance in the gastrointestinal tract will be evaluated. Fecal samples from pigs housed on the non-antibiotic and antibiotic receiving farms have been obtained and are currently frozen awaiting analysis (-70oC).  Initial examinations will include extraction of total bacterial population genomic DNA and the subsequent analysis for presence of all tetracycline resistance genes using PCR-based procedures.Wild-type isolates will be isolated from  stored fecal samples  of individual pigs (collect a fixed percentage of isolates from selective media; i.e., approximately 10 isolates per animal).  The populations of interest will include lactobacilli, fecal streptococci / Enterococci, and Bacteroides.  These isolates will be evaluated to determine their antibiotic resistance profile by Kirby-Bauer Disc Susceptibility Testing against a wide variety of antibiotics (NCCLS, 2000) and by determining minimum inhibitory concentrations of tetracycline resistance isolates.
Tetracycline resistant isolates will then be evaluated for the presence of tetracycline resistance genes with PCR methods.  The current genes known to be associated with each bacterial population are shown in the following table

	Bacterial Population
	Tet Resistance Determinants

	Lactobacilli
	tetM, tetO, and tetQ

	Fecal Streptococci/ Enterococci
	tetK, L, M, O, S, Q

	Bacteroides
	tetM and tetQ


Isolates with tetM and tetQ tetracycline resistance genes will be evaluated for the presence of conjugative transposon specific genes with specific PCR primers.  For isolates with tetM the integrase gene is in the Tn916 family of conjugative transposons (Doherty et al., 2000; Montanari et al., 2003). The area of interest for the Bacteroides spp. conjugative transposons containing isolates with tetQ is in a region spanning the rteA-rteB (Chung et al., 1999).  This junction is located in the central regulatory region of this type of conjugative transposon.  Using isolates positive for both tetracycline resistance genes and genes specific for regions in conjugative transposon the proximity or linkage of tetracycline resistance gene to conjugative transposon gene will be determined. Southern blots will be utilized to probe chromosomal digests of positive isolates with DNA probes specific for conjugative transposons and tetracycline resistance genes  The mobility of tetracycline resistance genes will be evaluated with in vitro mating experiments using wild-type isolates  of commensal bacteria and selected recipients.  
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