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STATEMENT OF THE PROBLEM

In 1999, the Centers for Disease Control and Prevention (CDC) reported new, more accurate estimates of food-borne illnesses that occur annually.  There are an estimated 76 million cases of food-borne illness, 325,000 hospitalizations, and 5,000 deaths each year from food-borne diseases (Mead et al., 1999).  The new surveillance system, FoodNet, indicated that there were more cases of food-borne illness occurring, but fewer deaths were caused by food-borne disease agents than previously reported.  Campylobacter spp. was responsible for the most cases of food-borne illness while Salmonella (nontyphoidal) caused the most deaths with Listeria monocytogenes also causing a significant number of deaths.   Overall, the report indicates that food-borne pathogens have a significant impact on human health and the food industry in the United States.  

In addition to human suffering, food-borne illnesses also have a substantial economic impact in the United States.  It is estimated that the annual cost of food-borne illness in the U.S. is $5-$6 billion for loss of productivity and medical expenses (Marks and Roberts, 1993).  The most costly food-borne illnesses are caused by Toxoplasma gondii, Salmonella spp., Campylobacter spp., and enterohemorrhagic Escherichia coli.  


New methods to prevent, reduce or eliminate food-borne disease agents at all points of the food chain, from “farm to fork”, need to be investigated to improve the safety of the food supply to prevent illnesses and deaths and to prevent economic losses to the food industry.

JUSTIFICATION


Across the nation there are numerous scientists who study food safety.  Some study the behavior of pathogens at the pre-harvest stage of the food chain while others focus on preventing food-borne pathogen occurrence in the food product itself.  A cooperative effort among these scientists can result in a reduction of the number of pathogens in the food supply and in the number of deaths and food-borne illnesses that occur annually.  Live animal research, the pre-harvest segment of the food chain, is the first step in reducing pathogens in the environment.

A pathogen commonly associated with production agriculture, especially cattle, is E. coli O157:H7.  E. coli O157:H7 is a member of the enterohemorrhagic group of pathogenic E. coli (EHEC).  This agent has emerged as a food-borne and waterborne pathogen of humans that causes hemorrhagic colitis, hemolytic uremic syndrome, and thrombotic thrombocytopenic purpura.  Outbreaks involving undercooked ground beef (Bell et al., 1994) and a variety of other foods including salami (CDC, 1995) and apple cider (Besser et al., 1993) have been documented. 



Most human disease outbreaks caused by this organism have been linked to bovine fecal contamination of food or water.  E. coli O157:H7 inhabits the intestinal tract of cattle, but it is unclear whether it actually colonizes the bovine intestinal tract (Shere et al., 1998).  Reducing this organism in cattle prior to slaughter may reduce contamination of waters subject to runoff and of food produced in the processing plant.  


  Scientists participating in this project will form a multi-state team to study the impact of bacteriophage on E. coli O157:H7 occurrence and survival in live cattle.  Bacteriophage are viruses which infect bacteria, and use their host to make multiple copies of themselves.  Because they target specific receptors on the bacterial surface, phage are often strain-specific.  Scientists at Auburn have identified several bacteriophage that inhibit E. coli O157:H7, but have no effect on other strains of E. coli.  This limited host specificity is the basis for phage typing of bacterial strains.  It also provides an advantage in targeting a species of pathogenic bacterium in an animal while leaving commensal flora unaffected.  Thus, selected phages could be used prophylactically to protect an animal against infection with a specific pathogen, or therapeutically to remove an infectious agent from an animal.  Phage can be grown to high titer inexpensively, facilitating their use in animals to reduce E. coli O157:H7.  



One major deficiency preventing pathogen removal is the lack of knowledge of the epidemiology of O157 in nature, including definitive data regarding what triggers shedding of the organism from infected cattle.  Antibiotic usage in cattle is widespread, both to treat infections (therapeutic) and to promote growth (sub-therapeutic).  We hypothesize that therapeutic and sub-therapeutic antimicrobial treatment of cattle colonized with E. coli O157:H7 perturbs the normal bovine gut flora, resulting in a modulation in shedding frequency and quantity of the pathogen, followed potentially by transmission to new hosts, and contamination of food and water.  We suspect that some antimicrobial drugs will enhance E. coli O157 shedding from calves, while others will not.  The application of this research could help veterinarians more carefully choose both the type of antimicrobial drug to use to treat common bovine infections or to promote growth, and the timing of administration of these drugs, thus providing a pre-harvest food safety critical control point for reducing O157 in meat and uncooked foods such as fruits and vegetables contaminated by bovine feces.
In addition to E. coli O157:H7, there is a consensus among the scientists that we must work toward the control of salmonella and other pathogens at the pre-harvest stage. The occurrence of the pathogen is related to a number of factors including the innate resistance of the animal, the infectious dose, the virulence and the serotype. Certain measures can and have been used to successfully lower or abolish the incidence of salmonellosis.  These efforts are very much dependent on improvements in management.  Environmental stresses, poor feed or nutrition, improper sanitation and animal density all play a vital role in salmonella control. Because of the great diversity in the manner in which pathogens spread no one single solution will solve the problem. As in cattle, broad-spectrum antibiotics are commonly used in most species, but with variable results. Prophylactic use of antibiotics in animal feeds has also come under fire by many consumer groups with concerns over the increasing number of antibiotic resistant strains. Other options available to the producer for control of potential pathogens include: early weaning to remove the young animal from possible contamination from the adult, higher pelleting temperatures, acidification of the feed or water with propionic or other organic acids, identification and removal of carrier animals, improved sanitation in the facilities and nutritional manipulation of the gastrointestinal tract through the use of oligosaccharides, probiotics or competitive exclusion products.  A multi-state project will allow several scientists to study different factors under the same conditions to determine which ones are most effective in reducing the pathogen in the live animal.
Although a large majority of publicity and research has focused on pre-harvest food safety in animal foods, fresh produce has been implicated in major food-borne illness outbreaks (Rasmussen et al., 1993; Besser et al., 1993; Beuchat, 1996; Griffin & Tauxe, 1991; Neill et al., 1994).  An increasing number of these outbreaks have been directly linked to fecal contamination of fresh and minimally processed produce.  USDA/FDA guidelines for fruit and vegetable production dedicate an entire section of the proposal to the proper handling of treated and untreated manure.  The use of untreated manure on produce crops carries a higher risk of contamination as compared to treated manure which has markedly reduced levels of pathogens.  The contamination with fecal pathogens poses a potential threat to cause food-borne illness if sufficient levels of viable pathogens are contained on the produce.  In an attempt to reduce this risk, the guidelines suggest incorporating raw manure into the soil prior to planting as well as maximizing the time between manure application and harvest.  Additionally, holding the manure for several days may result in a natural reduction of pathogens.  Initially, the draft USDA/FDA guidelines recommended holding times of 60 days.  This recommendation was taken from the Organic Food Production Act of 1990, which was based on pathogen survival in feces.  Subsequent research has shown that E. coli O157:H7 is capable of surviving for more than 70 days in feces (Wang et al., 1996).  The research performed thus far has investigated the survival and growth of pathogens in feces or composting manure which do not accurately depict the survival of pathogens in untreated manure when applied on cropland and exposed to various environmental stress factors such as UV, moisture and temperature fluctuations and a mixed, competitive, microbial flora. 

Both organic and nonorganic produce growers utilize untreated manure as a source of crop fertilizer.  This widespread use of untreated manure is deemed "essential" by the produce growers and "potentially hazardous" by food safety experts.  The response of produce growers across the country was strong opposition to the implementation of guidelines for untreated manure because of the lack of research that was based on the recommended holding time for untreated manure on crops.  Both growers and government officials admit to the need for additional research regarding untreated manure before implementation of these guidelines.  Thus far, food safety research has been directed more towards inhibiting food-borne pathogens after the farm rather than at the farm, where a major portal exists for the entry of pathogens into the food system.  Much of the founding work for pathogen survival in manure was performed prior to the emergence of present day pathogens that plague the food industry. E. coli O157:H7 is an example of a new and virulent strain, mutated from a once nonpathogenic and commonly isolated bacterium (Riley et al., 1983).  This new virulent strain is also known to have physical characteristics such as enhanced acid tolerance that has changed it's potential in causing food-borne illness in foods that before were thought as safe with adequate protective measures due to the acidic nature of the product.  It is not known whether E. coli O157:H7 also has an increased resistance level to the conditions found in untreated manure and the environmental factors that exist when spread onto cropland. There is a critical need for the establishment of minimum holding times for untreated manure when applied to cropland that will be used to produce minimally processed and fresh fruit and vegetables.  The results of this work will provide viable data to support guidelines for untreated manure holding time standards that will ensure inactivation of key food-borne disease causing pathogens that may be introduced onto fruit and vegetable crops during manure application.  With the increasing concern of the safety of imported produce, these results could also be extended to support recommendations for countries exporting produce to the United States.

While E. coli and Salmonella are major concerns in pre-harvest food-safety, Campylobacter jejuni also causes a spectrum of diseases including gastroenteritis, proctitis, septicemia, meningitis, abortion, arthritis and Guillain-Barré syndrome (GBS) (On, 1996) and originates in the pre-harvest environment.  Campylobacter was targeted as one of the four most important food-borne pathogens in the United States based on the number of reported cases and their severity (CDC, 1994; FSIS, 1995; Buzby and Roberts, 1996; ASM, 1997).  The number of cases of Campylobacter enteritis is estimated at 1.1 to 7 million per year making C. jejuni and C. coli the most commonly isolated enterobacterial pathogens (Buzby and Roberts, 1996; ASM, 1997; Mead et al., 1999). Campylobacters are estimated to cause nearly 100 deaths annually in the US (Mead et al., 1999). The combined annual costs of human illness due to Campylobacter infection was reported in the range of $1.3 to $6.2 billion (Buzby and Roberts, 1996, 1997).

Contaminated poultry is the most common route of transmission from animals to humans (Altekruse et al. 1997; Konkel and Cieplak, 1996; Harris et al., 1986). Smith et al. (1999) observed an increase in fluoroquinolone (FQ) resistant C. jejuni poultry isolates following approval for veterinary use in the US in 1995. Nearly 90% (80/91) of the market chickens contained Campylobacter and 20% of these chickens (18/91) contained Campylobacter isolates resistant to at least 32 ug/ml of Cip.  Resistant isolates were detected in birds from 15 processing plants located in 9 different states suggesting that FQ resistance is becoming widespread.  A more comprehensive surveillance can be conducted through collaborations developed in the regional project.  C. jejuni infections in immuno compromised human patients and other susceptible individuals which result in severe gastroenteritis or infections of deep tissues, require antibiotic treatment for successful resolution (Adler-Mosca et al., 1991).  Failure of antibiotic therapy due to development or transfer of antibiotic resistance is extremely important because these severe infections are the largest contributors to the health and economic impact of this foodborne disease agent.  Erm and Cip, are the antibiotics of choice for treatment of severe C. jejuni infections (Konkel and Cieplak 1996; Smith et al., 1999).  The 1998 report of the National Antimicrobial Resistance Monitoring System (NARMS) reported that of the 332 C. jejuni isolates submitted, 181 (54%) were resistant to antibiotics surveyed including Cip (MIC  4 ug/ml; 13.3%) and Erm (MIC 8 ug/ml; 2.2%).  Little is known about the ability of Campylobacter to transfer chromosomally mediated Cip or Erm resistance to susceptible strains.  Trieber and Taylor (1999) reported transfer of ErmR from resistant to susceptible isolates via natural transformation using naked genomic DNA but transfer efficiencies were not reported. The ability of C. jejuni and C. coli to develop or acquire Erm and Cip resistance via spontaneous mutation or transfer of resistance genes can result in failed antibiotic therapy. Since FQs are among the antibiotics of choice for treatment of infections due to Salmonella, Shigella, and Vibrio (Dryden et al.,1996) antibiotic resistant Campylobacters have the potential to serve as reservoirs for acquired resistance for these important enteric pathogens.  
CipR in C. jejuni.  In C. jejuni, the primary target for nalidxic acid (Nal) and the FQ antibiotics appears to be DNA gyrase (Heisig and Tschorny, 1994; Wiedemann and Heisig, 1994; Gaunt and Piddock, 1996; Piddock, 1995b; Piddock, 1995a).  Mutations in codon thr86 in the quinolone resistance-determining region (QRDR) in gyrA in C. jejuni are strongly associated with high-level CipR (HLCR; MIC  16 ug/ml) in the limited number of strains (30 out of 30 isolates) described to date (Charvalos et al., 1996; Husmann et al., 1997; Gaunt and Piddock, 1996; Gibreel et al., 1998; Ruiz et al., 1998). CipS isolates did not contain this mutation.  However, a direct causal relationship between codon 86 mutations and HLCR has not been conclusively established. 

Collaboration among the scientists in this group could establish this relationship by examining numerous isolates from pre-harvest and processing environments.

Recent food-borne disease outbreaks have also brought about increased consumer demand and subsequent regulatory pressure to improve the microbiological safety of raw food commodities from in food processing facilities. It has been well established that raw meat and poultry are prevalent sources of food-borne pathogens and vehicles of food-borne disease. To address the safety of meats and poultry, the USDA-FSIS has implemented new regulations (USDA, 1996). While not mandating the use of specific antimicrobial treatments, these new regulations call for pathogen reduction measures and set microbiological performance standards that all meat and poultry processors must meet. In addition to food safety issues attributed to raw meats and poultry, food-borne disease attributed to fresh fruits and vegetables has doubled over the last ten years. Increased consumption, greater geographical variety, and consolidation of agricultural production areas have, in part, contributed to this increase in produce-borne illness.  While the prevalence of food-borne pathogens on fresh produce is typically lower than that encountered on raw meat and poultry, many fruits and vegetables, in contrast to meats and poultry, are consumed raw. The occurrence of human pathogens on raw food commodities can represent a substantial food safety risk to the consumer. Therefore, consumer demands and regulatory pressure have and will continue to challenge food producers and processors to take steps to further reduce or eliminate pathogens in their commodities.

Recently, there has been renewed and keen interest to develop antimicrobial treatments, most in the form of dips, washes, sprays, etc., that can be applied to raw foods to reduce or eliminate the pathogen load. For antimicrobial treatments to be commercially feasible, and therefore have impact on food safety, their efficacy must be clearly established.  Unfortunately, it has been difficult to compare research findings to fully establish the efficacy of potential treatments. The difficulty in comparing results arises primarily due to differences in experimental procedures used from one researcher to the next, which often accounts for apparent variation in results from study to study. This lack of consistent results and difficulty in comparing results from different studies has proven to be an obstacle in the adoption of novel treatments in commercial processing. That is, few novel antimicrobial treatments have been adopted by food producers and processors. Thus, there is a need to standardize methods of evaluating antimicrobial treatments. A standardized tested method would be an invaluable tool in the development of efficacious and feasible antimicrobial treatments that can be applied to improve the microbiological safety of foods (Conner and Bilgili, 1994). 

To standardize methodologies, inter-laboratory studies are required. A multi-state project provides an ideal structure under which this needed collaborative approach can be implemented effectively. Moreover, the current participants have been actively involved in evaluation of potential antimicrobial treatments, which provides a critical mass of researchers to conduct these inter-laboratory studies. Therefore, an objective of this project is to generate and compare data needed to develop (and recommend) a fundamental testing protocol for assessing the antimicrobial activity of potential treatments. Development of such a protocol would allow for evaluation of a wide range of treatments in a standard format in any laboratory, which in turn will allow for better comparison of results from one study to the next. Subsequently, a means of comparing results will facilitate the adoption of novel treatments that can be used by producers and processors to maintain and improve the microbiological safety of their products.

Another aspect of the new USDA/FSIS regulatory requirements with regard to pathogen reduction is the implementation of HACCP plans in meat and poultry processing facilities.  Traditional approaches to food safety have focused on prevention of pathogen growth.  Today, the low infectious dose required of some pathogens dictates that successful prevention must focus on reducing, controlling or eliminating the microorganisms with a Hazard Analysis and Critical Control Points (HACCP) plan.   HACCP was initially developed by NASA and Pillsbury to provide the safest food possible for the space program (Bauman, 1992).  The National Advisory Committee for the Microbiological Criteria for Foods have standardized the original HACCP concept into 7 step by step principles that can be used by the food processing industry to reduce, prevent or eliminate biological, chemical, and physical hazard from occurring in the final food product (NACMCF, 1998).    

All meat and Poultry processors are required to implement HACCP plans by January, 2000 (USDA, 1996).  A properly written, implemented plan should reduce hazards if the appropriate hazards were identified and the hazard analysis, critical limits, and corrective actions are based on sound, scientific data.  However, much of the scientific information needed to develop scientifically sound HACCP plans is not available.  Simple, easy to understand information needs to be developed to assist processors in setting critical limits and to understand the relationships between temperatures in the processing room and the temperature of the meat products and/or on the surfaces on which the products are processed.  Greater understanding and control of effects of processing environmental conditions on meat safety during primal cut and ground product preparation and use will result from use of such visual aids.

 Additionally, it is imperative to the success of HACCP to assess and validate the effectiveness of implemented HACCP plans by utilizing objective measurements of biological hazards to determine if the plan reduces the risk of food-borne pathogens such as Salmonella, E. coli O157:H7, Campylobacter, and Listeria monocytogenes.  Processors may be operating under a HACCP system, but there is not scientific evidence that the plan is actually controlling hazards.  

A multi-state approach to HACCP validation is ideal to develop the information needed for HACCP validation.  Currently HACCP plans are based on data generated in controlled laboratory conditions.  In-plant research provides actual measurements in the plant environment to determine if the HACCP plan is resulting in a safer product.  Measurements are needed in a variety of different processing plant environments to determine if there is variation in data collected in different processing plants.  Many of the scientists participating in this project have extension appointments and have a good working relationship with the food industry.  This relationship provides an avenue into the plants to collect data.  


The states participating are Alabama, Arkansas, Iowa, Kentucky, Michigan, Minnesota, Mississippi, Nebraska, New York, North Carolina, South Carolina, Tennessee and Virginia.

CURRENT AND PREVIOUS WORK

Collaborative efforts among scientists have been formed from the original S-263 project.  These collaborations have resulted in external funding and publications for the investigators.  Additionally the collaborative efforts have made significant progress towards understanding food-borne pathogens and how to reduce their occurrence in the environment.

Objective 1. 
Pre-harvest reduction of food-borne pathogens in animals and the environment.


E. coli O157:H7 seldom causes disease in cattle (Cray and Moon, 1995).  Prevalence in individual beef and dairy cattle in the U.S. is low, from 0.3 to 2.2% (Faith et al., 1996; Griffin and Tauxe, 1991; Hancock et al., 1994).  E. coli O157:H7 exists on about 7% of farms (Faith et al., 1996).  Typically, shedding of serotype O157:H7 strains from cattle is sporadic and of limited duration, lasting for approximately one month (Besser, 1997; Shere et al., 1998). 


Two recent studies have investigated the effect of diet on acid resistance of E. coli shed from cattle.  Diez-Gonzalez and co-workers (1998) examined the effect of high-grain diets on shedding of acid resistant E. coli from cattle.  They found that the proportion of acid resistant E. coli increased in cattle fed a high grain diet, but that a switch to a diet of hay decreased the number of acid resistant bacteria.  It is unclear if the results observed for E. coli in these experiments are relevant to serotype O157 strains of E. coli.  Hovde et al. (1999) examined the acid resistance and the duration of shedding of  E. coli O157:H7 from experimentally inoculated cattle fed hay or grain.  They found no difference in the proportion of acid resistant E. coli O157:H7 between these two groups, but observed that animals fed hay shed E. coli O157:H7 longer than animals fed grain.  Further studies are needed to clarify the role played by acid resistance on E. coli O157:H7 shedding from cattle.



A collaborative effort between John Foster at the University of South Alabama and Auburn investigators Stuart Price, Jim Wright, and Fred DeGraves resulted in a USDA-NRI Competitive Grant award in 1997.  In that project, the Auburn investigators utilized an experimental O157 infection model in calves.  We and others showed that the organism is detectable in the feces for 2- 3 weeks following inoculation with 1010 CFU ( Cray and Moon, 1995; Brown et al., 1997; Price et al., 2000), although calf-to-calf variation in shedding occurs.  Just-weaned calves appeared to shed the highest number of organisms, and shedding quantity and duration decreases with age of the animal (Cray and Moon, 1995).  Inoculation of calves with the high numbers of E. coli O157:H7 used in these infection models allows for extended periods of shedding at appropriate quantities for enumeration and comparison of shedding between concurrently administered strains.



Using this experimental model of O157 shedding from calves, the Auburn investigators examined the calf fecal shedding of acid resistant mutants of E. coli O157:H7 constructed by John Foster’s lab. These strains had mutations in genes involved in conferring acid resistance on O157.  Results from the calf studies indicate that (1) RpoS, the stress sigma factor of E. coli, is required for survival of the pathogen in the animal, as is GadC, the antiporter protein involved in the glutamate-dependent acid resistance system; (2) inactivation of one of the two glutamate decarboxylase genes, gadA, in E. coli does not alter shedding, probably because the glutamate decarboxylase expressed by gadB is sufficient for survival in a calf, and (3) the arginine-dependent acid resistance system is not required for E. coli survival in a calf.  In addition, the Auburn investigators have preliminary evidence showing that acid resistant wild-type cells of E. coli O157:H7 survive the calf gastrointestinal tract 100-fold better than do acid sensitive wild-type cells.  The results of this collaborative effort have helped to better define the role played by acid resistance in survival of E. coli O157:H7 under environmental stress.  



Additionally, the Auburn researchers have isolated five O157-specific strains of bacteriophage from bovine feces and begun characterizing their properties.  These phage form clear plaques on 6 different E. coli O157:H7 strains, but do not form plaques on 6 non-O157 E. coli strains.  Amplification of these phage strains results in titers ranging from 5 x 1010 to 1 x 1011 pfu/ml.  Initial in vitro killing studies with two of these phage strains has shown that one of them is capable of killing 99% of O157 cells growing exponentially at 37oC.  These preliminary results demonstrate the feasibility of isolating O157-specific phages, and, in conjunction with our expertise with the experimental calf model of O157 shedding, place us in a strong position to examine the practical application of phage-mediated O157 reduction in cattle.  In fact, successful therapeutic use of phage in animals and humans was accomplished before the advent of antibiotic therapy in the 1940's, with few side effects reported (Alisky et al., 1998).  Phage therapy is once again being considered as an alternative to antibiotic therapy due to the increase in antibiotic resistance.  



E. coli O157:H7-specific bacteriophage have been isolated by several research groups (Kudva et al., 1999; Yu et al., 1998).  Kudva et al. (1999) described a set of phage isolated from cattle that lysed O157 in vitro.  However, complete lysis of O157 cultures was not achieved unless a mixture of three lytic phages was used, and the bacteria/phage mixture was incubated at 4oC for 5 days.  The authors mentioned that this phage cocktail might function as an anti-O157 agent active at refrigerator temperatures on fresh vegetables contaminated with infected feces.   And they suggested that other O157-specific phages that are active anaerobically at 37o C might be useful in removing O157 from carrier animals.



During studies with E. coli O157:H7-inoculated calves, the Auburn investigators noticed occasional “shedding spikes”, where the quantity of O157 being shed from calves increased by ten-fold or more over a 2-3 day period, then returned to the original shedding level.  Although we could not link these intermittent increased shedding episodes to a specific stimulus, we speculated that changes in the intestinal flora precipitated increased levels of shedding.  In a preliminary experiment designed to investigate this hypothesis, O157-infected calves were treated with the popular bovine antibiotic tilmicosin, suspecting that it would induce transient commensal flora changes.  Half of the calves treated with tilmicosin showed O157 shedding spikes approximately 3 days post-antibiotic injection.  This timing coincides with the appearance of tilmicosin in the intestinal tract following parenteral administration.  The finding that a commonly used bovine antibiotic may induce O157 shedding from infected individuals is an important discovery, requiring further investigation.
As mentioned previously, Salmonella and Campylobacter cause a significant number of food-borne illnesses.  Reduction of these organisms can also begin in a pre-harvest environment. The theory of probiotics, competitive exclusion (CE) and oligosaccharides have been well-documented (Goren et al., 1984; Miles, 1993; Newman, 1994; Spring, 1995). Single, two or three strains of lactic acid bacteria (LAB) have been successful in controlling pathogens in certain instances, but researchers have advanced other methods to aid in the battle against enteric pathogens.  Bacteria other than LAB have also been used as feed supplements.  Bacillus subtilis seemed to be an attractive prospect as a feed additive due to the fact that it is a spore-former with greater heat stability than most lactic acid cultures. However, some trials with Bacillus species have demonstrated no consistent benefit on growth performance, other studies have demonstrated increased survival rate in baby pigs which may involve the same sort of non-specific immune stimulation as seen with other peptidoglycans or oligosaccharides (Pollman D.S. et.,al. 1980; Pollman, D.S., 1986; Newman, 1995). 

 
None of the above methods of controlling pathogens are 100% effective at eliminating the problem, but that does not mean that advances are not being made. In a survey of broiler hatcheries done in 1990 and 1995, salmonella positive samples in 1990 ranged from 91 to 67%, but the same hatcheries sampled in 1995 ranged from 52 to 13% (Cox et al., 1996). The authors attribute these reductions to the aforementioned management practices, the use of more effective sanitation chemicals, improved ventilation and should also include methods that control pathogens in the feed and prevent the spread of infection in a flock or herd. The use of organic acids, oligosaccharides and CE cultures are all tools that have been demonstrated to decrease or eliminate certain pathogens. The challenge of the future is to make further advances on pathogen control with the ultimate benefits for the animal and the consumer.


Competitive exclusion cultures are mixed microbial populations taken from adult mature birds that are found to be Specific Pathogen Free (SPF) have also demonstrated excellent results in protecting poultry species from Salmonella and Campylobacter infection. The theory behind the use of these cultures is to provide a more rapid and consistent intestinal microflora since it has been observed that healthy mature birds are less likely to become infected from pathogen exposure than a young bird with a dynamically changing microflora.   Many trials have been completed which show marked reductions in pathogen colonization in birds treated with CE cultures (Hume et al., 1996; Newman et al., 1996; Stern et al., 1996). From these trials it seems clear that the effective dose rate is between 107 and 108 CFU/bird. Corrier and co-workers (1996) noted that in dose titration studies with a characterized CE culture, the most consistent results were observed when birds received these rates of application.
In addition to competitive exclusion, recently a number of progressive studies involving oligosaccharides have been reported.  Spring (1995) reported a decrease in Salmonella typhimurium concentrations in challenged chicks receiving mannanoligosaccharide (MOS) in the diet compared with unsupplemented chicks. Further studies have demonstrated that chicks challenged with S. dulblin and Escherichia coli also benefited from MOS supplementation. The use of mannanoligosaccharide for pathogen control stems from several studies examining the use of simple sugars such as lactose or mannose, to reduce pathogen infection (Oyofo et al., 1989; Corrier et al., 1990). The mechanisms involved in this phenomenon involve either lowering of intestinal pH and alterations in volatile fatty acid (VFA) profiles of the intestine, as is seen with lactose (Atkinson et al., 1957; Corrier et al., 1990) or by occupying mannose specific receptors on certain pathogens mediating their adherence to the intestinal epithelium (Freter and Jones, 1976; Newman, 1994). Complex carbohydrates such as fructooligosaccharides (FOS) have also been investigated for nutritional manipulation of the gastrointestinal tract to inhibit pathogens.  Oyarzabal and co-workers (1995) found that Salmonella spp. could not use a purified fructooligosaccharide preparation for growth but were able to utilize a commercial preparation of FOS. 
Mechanisms involved in Campylobacter infection and resistance have also been studied by the scientists in this group at the pre-harvest food safety level.   CipR . High Level CipR (HLCR) isolates (defined as MIC 16 ug/ml) were generated in the laboratory on Brucella Agar with Sheep’s Blood (BASB) containing 2 ug/ml Cip via spontaneous mutation at a frequency of approximately 1 to 5 per 108 viable cells. This rate of mutation suggests that HLCR can develop by a single step mutation. HLCR isolates have been generated from 4 other C. jejuni strains at similar frequency.  Eleven independent HLCR isolates contained the same C to T transition in codon 86 of the QRDR of gyrA. 30 CipS C. jejuni strains and did not contain the codon 86 mutation (or any other QRDR mutation). HLCR could be acquired by CipS isolates of the parent strain via natural transformation using chromosomal DNA at high frequency (1 per 107 recipient cells) but not by CipS isolates of a different strain.
A rapid assay for identification of C. jejuni and CipR has been developed.  The QRDR region in the gyrA gene is highly conserved among isolates of C. jejuni (Wilson et al., 1999) but differs significantly from C. coli and other bacteria at 3 specific locations. Based on this unique region, we designed a rapid, real-time polymerase chain reaction (basic TaqMan assay), that can identify and enumerate Campylobacter jejuni using DNA purified from bacterial isolates. The assay detects the genomic DNA from the equivalent of 10 cells consistently and as few as 1 cell in certain assays.   A modification of the basic assay, called “Allelic Discrimination”, simultaneously identified C. jejuni and discriminated between wild-type and mutant codon 86.  The assay specifically detects HLCR C. jejuni isolates (Patent Application Submitted). Recently we demonstrated that both assays (basic TaqMan and Allelic Discrimination) work effectively on cells from isolated bacterial colonies without the need to purify genomic DNA.  The assay can be performed in a single afternoon reducing the time of analysis for CipR by several fold when compared to our microbroth dilution assay.

c.  ErmR.  A novel gene encoding a putative rRNA di-methylase (tentatively called ermF) was recently identified by a Blast search (a computer aided search for sequence identity) of the C. jejuni genome using ermF2 from Bacteroides fragilis (Rasmussen et al., 1986) as the query sequence. An open reading frame was identified with similar size and significant identity (30% identity, 42% similarity) to ermF2 and to erm genes which confer MLS type of acquired ErmR . Because ErmR Campylobacter isolates are cross-resistant to lincosamides and streptogramin B (hallmarks of MLS type acquired resistance) and because not all ErmR isolates studied to date contain mutations in Domain V of the 23S rRNA gene (Trieber and Taylor, 1999) we propose that ErmF, a putative RNA di-methylase, contributes to acquired ErmR in C. jejuni via methylation of 23 S rRNA. 

At Michigan State University, they determined the minimum inhibitory concentration (MIC) values for 5 antibiotics (Cip, Tet, Kan, Erm, Chloramphenicol) on 24 isolates in our Campylobacter strain collection using a microbroth dilution assay based on National Committee for Clinical Laboratory Standards (NCCLS). The assay normally can be completed in 48 hours on bacterial isolates.   

Additionally, they have successfully transformed C. coli and C. jejuni isolates using DNA isolated from antibiotic resistant isolates (KanR and CipR) derived from the same strain (intra-strain transfer) but have not been successful at inter-strain or inter-species transfer suggesting that natural “barriers” to transfer exist.  In future work we will characterize the mechanisms that underlie the apparent “barrier” to inter-strain transfer and to determine if environmental  stress can increase the rate of DNA uptake or integration into the chromosome.   Collection of Campylobacter isolates is underway through a collaboration with researchers at MSU, the Michigan Department of Agriculture, and with Dr. Paula Cray at the USDA in Athens GA, and Dr. Fred Angulo at CDC.  Further collaborations will be developed with other scientist in the S-263 group who are collecting Campylobacter isolates from the pre-harvest and food processing environment.
Objective 2. Chemical and Physical Decontamination in Food Processing Plant Environments
As stated earlier, a wide range of chemical treatments to reduce the bacterial load on raw foods have been investigated. Relatedly, a wide range of methods have been used to determine efficacy of the various treatments. Although many of these treatments have been efficacious in laboratory experiments, few of these carcass disinfectant treatments have been adopted by the food industry.  Below is a brief discussion of some of the approaches to food decontamination that have been researched. The purpose of this discussion is to illustrate the wide variety of treatments that are potentially available to food processors if there were better testing means available, and to also illustrate that conflicting data are often reported. This latter problem is also methods-related.

Decontamination of Meat and Poultry. To address control and elimination of bacterial contamination of poultry and beef, a number of antimicrobial treatments for carcasses have been studied, including chlorine (Mead et al., 1975) organic acids/salts (Adams et al., 1990; Lillard et al., 1987; Robach, 1979; Zeitoun and Debevere, 1992), ozone (Sheldon and Brown, 1986), hydrogen peroxide with sodium bicarbonate ( Bell et al., 1997, Russell et al., 1993), air scrubbing (Dickens and Cox, 1992), trisodium phosphate (Bender, 1992), etc.  Today, chlorine continues to be the predominant, product-contact disinfectant used for commercial poultry processing in the U.S. Water, steam, and to a lesser extent, organic acids are used sparingly during the processing of beef. 

For poultry processing, chlorination of chill water has been widely studied.  It is known that bacteria washed from carcasses into the chill water can be controlled by chlorination of the water, thereby preventing cross contamination (Lillard, 1982).  Mead and Thomas (1973) concluded that 40 - 50 ppm of total residual chlorine and 5 liters of fresh water per carcass effectively destroyed bacteria.  Comparable results were found using 25 - 30 ppm and an overflow of 8 liters.  These overflow rates are higher than the 0.5 gallon per bird required by USDA.  Lillard (1980) reported that significant bacterial reductions in chill water were obtained using 20 ppm chlorine and an overflow rate of 0.5 gallon. May (1974) reported that 18 - 25 ppm chlorine added to immersion chilling systems significantly reduced bacterial counts on poultry carcasses.  Similar results were reported by Kotula et al. (1962).  Water containing chlorine in excess of 50 ppm has been shown to be more effective in reducing bacterial populations than in water containing lower amounts.  Ranken et al. (1965) evaluated levels of chlorine ranging from 50 to 800 ppm in a slush ice immersion for 4 hours.  Reductions in bacteria were not significant until the level of chlorine reached or exceeded 200 ppm.  At 200 ppm chlorine, no off-flavor was reported. Conversely,  Izat et al. (1989), reported that100 ppm chlorine in chill water effectively reduced salmonellae, but resulted in carcasses that exhibited a strong chlorine odor.  Chlorine at 100 ppm, 200 ppm, and 400 ppm reduced bacterial counts significantly on beef forequarters within 24 hours of the chlorinated wash (Emswiler et al., 1976). Stevenson et al. (1978) , however, reported no significant reductions in bacterial counts when using a 200 ppm chlorine spray on beef carcasses. 

The effectiveness of chlorine as a bactericidal agent is dependent upon the conditions in which it is used in processing, including concentrations of chlorine, temperature, and chemical composition of the water.  Low levels of chlorine are effective in reducing bacterial counts on carcasses, but only if the amount of water per carcass is high and the relative amount of organic matter is low.   Higher levels of chlorine are effective, but produce off-flavor and carcass discoloration.  Furthermore, a high level of chlorine must be handled properly by plant personnel because of skin irritation, and equipment corrosion. 

Organic acids have been investigated because of their bactericidal activity and because they are generally recognized as safe (GRAS). Acetic and propionic reportedly have the most inhibitory effect against salmonellae (Chung and Goepfert, 1970).  Mountney and O'Malley (1965) reported acetic, adipic, and succinic as the most effective, however, when applied in poultry chill water skin discolorations were observed.  Significant reductions in bacteria were reported by Dickson and Anderson (1992) with pre- and post- sanitizing of beef with 55oC acetic acid.  Dickson (1991) reported reductions in S. typhimurium, up to 3 logs, when acetic acid was included as a sanitizer in a beef spray chilling system.  Lillard et al. (1987) were unable to detect salmonellae in scald water containing 0.2% and 0.5% acetic acid, however, the treatment did not reduce salmonellae numbers on the carcasses. The bactericidal activity of acids has been shown to increase with an increase in concentration (Dickson and Anderson, 1992).  However, the higher concentrations of acids which are usually more effective produce undesirable product (sensory) characteristics (Bilgili et al., 1996). 

Decontamination of Produce. A variety of different microorganisms comprise the natural microflora of fresh fruits and vegetables. However, it is contamination with pathogen microorganisms, specifically bacteria, that is at issue in regards to food safety. Produce can be contaminated during production, harvest, packing, post-harvest processing, and distribution. The primary bacteria of concern are those of fecal origin (human or animal). At preharvest, primary sources of pathogens include feces from wild or domestic animals, human feces, soil,  and irrigation water. At postharvest, pathogens can arise from feces, workers, equipment, animals, processing water, ice, and other food products (Beuchat, 1996; Tauxe et al., 1997)

Although fresh produce can harbor as many as 106 microorganisms/g at time of packing (Brackett, 1994), little attention has focused (until recently) on antimicrobial treatments for fresh produce. Because fresh fruits and vegetables are often soiled at packing, washing treatments are applied. Washing treatments result in overall reductions in microbial counts, but washing alone typical does not produce adequate sanitation of the product (Beuchat, 1992). For disinfection, a number of treatments have been researched, including chlorine, hydrogen peroxide, trisodium phosphate, ozone, acidified sodium chlorite and gamma irradiation.

At the University of Nebraska, hydrogen peroxide was found to be an effective decontaminant of produce.  Hydrogen peroxide was used at the 3% level as a wash for a variety of produce, alone or in combination with 2 or 5% acetic acid.  The washes were applied by dipping or spraying.  Green peppers and lettuce were inoculated with Shigella spp., broccoli and cherry tomatoes were inoculated with Salmonella spp.  The most effective washes were the combination washes with the 3% hydrogen peroxide and 5% or 2% acetic acid.  A 4-5 log reduction was common and generally eliminated the inocula except on the melon skins.  A 4 log reduction was found on the smooth skin and only a 3 log reduction on the rough skin.  The 3% hydrogen peroxide alone was very effective on the green peppers and tomatoes.  

Chlorine-based compounds are the most widely used product disinfectants. However, efficacy tends to be highly variable. Chlorine can reduce populations on lettuce and tomato surfaces (Beuchat and Brackett, 1990, 1991). However, Zhuang et al. (1995) found that Salmonella survived on tomatoes treated with < 200 ppm chlorine, and Brackett (1987) found L. monocytogenes to be resistant to 50 ppm chlorine on brussel sprouts. Beuchat (1996) recommended 200-300 ppm chlorine as a wash water sanitizer. However, Hong and Gross (1998) found that hypochlorite treatment of tomatoes negatively affects physiological and biochemical properties, which in turn can influence ripening.

In addition to potential interference with ripening processes, aqueous chlorine’s bactericidal activity decreases in alkaline conditions and/or at high levels of organic matter.  Furthermore, potentially toxic/mutagenic reactions products, including trihalomethanes (THMs), are formed during chlorine treatment of food components.  Health concerns for such reaction products indicates a need to explore alternative disinfectants.  Due to its advantages over aqueous chlorine, chlorine dioxide (ClO2) has received much attention from the food industry.  ClO2 was seven times more potent than aqueous chlorine in killing bacteria in poultry processing chill water (Lillard, 1979).  Bactericidal activity of ClO2 was not affected by alkaline conditions, such as the pH 6-10 of most food processing operations, and/or the presence of high levels of organic matter (Costilow et al., 1984).  Unlike chlorine, ClO2 does not generate THMs from interaction with organic compounds. 

Currently, the Food and Drug Administration (FDA) allows the use of 5 ppm ClO2 as a disinfectant in rinse water that comes in contact with whole, unpeeled fruits and vegetables, provided the final product is rinsed with potable water.  Potatoes (cut and peeled) can be rinsed with 1 ppm ClO2.  The National Food Processors Association (NFPA) in its food additive petition to FDA requested the agency to approve the use of ClO2-treated water for cut or peeled produce, and to eliminate the potable water rinse requirement when ClO2 is used at 5 ppm (Food Chemical News, 1994).  FDA announced on March 3, 1995 the clearance of a food additive petition allowing the use of 3 ppm residual ClO2 to control the microbial population in process waters contacting whole poultry carcasses (FDA, 1995).  The Bio-Cide International, Inc. also filed petition with FDA for approval of using ClO2 for seafood processing and washing.  ClO2 is currently used as a component of a sanitizer solution, a bleaching agent for flour, and is approved by the EPA for use in potable water treatment plants.

Trisodium phosphate (TSP) has recently been approved and marketed as a food grade antimicrobial. Presently it is being adopted by the poultry industry as a means of reducing pathogens numbers on chickens during processing and seems to be effective against attached pathogens (Tamblyn et al., 1997). The use of TSP as a produce sanitizer has also been investigated. Dipping tomatoes into a 15% TSP solution for 15 seconds provided effective kills of S. montevideo on surfaces of the fruits (Zhuang and Beuchat, 1997).

Ozone through its oxidative properties has excellent ability to kill many types of microbes, however, its oxidative nature also limits its use in many foods. Fresh produce, which rely on many oxidation-sensitive mechanisms to ripen are therefore negatively affected by direct application of ozone (Hovrath et al., 1985). Ozone does appear to have potential  for treating water for reuse.

Acidified sodium chlorite (ASC) has recently been developed by Alcide, Inc., and is being marketed as a antimicrobial for poultry processing under the trade name Sanova. ASC is effective against bacteria attached to chicken skin (Alcide, unpublished data) and  more recently Alcide has been granted FDA and EPA approval of ASC as an antimicrobial treatment for fresh produce. Data collected in field trials indicate that ASC has potential as an effective sanitizer for a variety of fresh fruits and vegetable (Alcide, unpublished data).

In contrast to the amount of previous work reported about the use of antimicrobial treatments, there is little information available on the validation of implemented HACCP plans.  The National Advisory Committee for the Microbiological Criteria for Foods (NACFMS) standardized the seven HACCP principles (NACMCF, 1998).  These principles can be utilized by the food processing industry to identify hazards that might occur in their particular food and/or process and to identify critical control points (CCPS) that can prevent that hazard from occurring.  The National Academy of Sciences has recommended that government agencies adopt HACCP so that all food processors operate under these principles (NRC, 1995).  These recommendations were based on years of development of HACCP principles by experts in the areas of food microbiology and processing. 


On December 18, 1995, the FDA published a final rule requiring all seafood processors to operate under HACCP while the USDA published a similar final rule in July of 1996 that required HACCP implementation in meat and poultry processing plants.  Many meat and poultry processors have been faced with challenges in HACCP implementation because of the lack of validated CCPS and the lack of scientific evidence to support critical limits or to dictate when a corrective action was needed.

Specifically, there is little information available related to room temperature and product temperatures and how that impacts microbial growth.  Currently many processors set a critical limit of 50oF as the critical limit for processing room temperature.  If the processing room temperature reaches 51oC, then all product processed in that room since the last recorded observation is subject to a corrective action.  This is a costly consequence.  Product may have to be reworked, destroyed, or held for further analyses.  Many times the room temperature can be reduced within a few minutes and the product temperature was probably not significantly impacted.  However, as the regulations are currently written, a corrective action still must be taken because there is not scientific evidence that the product temperature was safe when the room temperature increased.  Many relationships between time and substrate temperature and between substrate temperature, and time and room temperature (unsteady-state heat transfer) have been observed and established.  Many thermal properties of meat as a substrate are known.  However, the integration of unsteady-state heat transfer relationships for meat products in preparatory environments with microbial activity relationships has been very limited or nonexistent.


Developing time/temperature formulas that would assist processors in correlating the room temperatures to product temperature would be a valuable tool that could save time and money and would provide a scientific basis for taking corrective actions and for making scientifically sound decisions about whether or not a product is safe.


There is also little information related to the overall reduction of microbial risks due to HACCP implementation.  Dormedy et. al. (2000) established microbial baselines in a beef slaughter facility, a beef fabrication facility, and in a ground beef facility in Nebraska prior to HACCP implementation.  University extension specialists assisted the processors in writing HACCP plans and then collected samples to compare to the baseline 1, 3 and 6 weeks after HACCP implementation.  While all of the processors noted no change in the processing environment after HACCP implementation, the total plate counts on the products were significantly reduced after HACCP implementation.   Generic E. coli and coliform counts did not significantly increase or decrease after implementation, but they were well below USDA baselines prior to HACCP implementation.  This type of data validates the use of HACCP to create a cleaner environment using HACCP in a food processing facility.  The data was used by the processing facilities to support their HACCP plans and to help them meet USDA requirements.


Dormedy et al. (2000) also determined the effectiveness of acid rinses on beef carcasses as critical control points in HACCP systems.  While there was a wealth of information published about the impact of acid rinsing on small pieces of meat inoculated with pathogens, there was no information indicating that it would effectively reduce microbial loads naturally present in the plant environment and that the product would remain safe during further processing.  They reported that a 2% lactic acid rinse of beef carcasses reduced total counts, coliform counts, generic E. coli counts, pseudomonads, psychrotrophic organisms, lactic acid bacteria, and acid tolerant organisms compared to carcasses that were not acid washed.  Additionally, the same microbial populations remained low after chilling and during further processing of the carcasses into sub-primal cuts and ground beef.  While elimination of microbial hazards is not possible in a fresh meat system, their results validated the use of acid rinsing as an effective CCP in a fresh meat system to reduce microbial hazards.


Processing facilities also need data to support changes in their HACCP plans.  A poultry processor was utilizing a 40 psi carcass wash as a CCP to meet USDA requirements for 0 fecal contamination.   The wash resulted in quality problems in the final product so the processor wanted to reduce the pressure to 30 psi.  The USDA would not allow a change in the HACCP plan without statistically sound, scientific data to support the change.  The food microbiology laboratory at the University of Nebraska compared microbial and visual data on 1250 carcasses from the plant that had been subject to the two different wash pressures.  Data indicated that the 30 psi resulted in a carcasses that was both visually and microbially equivalent to a 40 psi wash.  After review by the USDA regional inspector, the plant was allowed to adjust the CCP and to increase the quality of their product. 


In plant data needs to be gathered nationwide to validate CCPs, change CCPs and provide information that define critical limits that will reduce hazards in food processing plants through the use of HACCP plans.  Studies provide a model of how to collect in-plant data and how to work with regulatory agencies to use the data to change HACCP plans.  Information can be used in not only the meat and poultry industry, but in all food processing operations.

OBJECTIVES

Objective 1: Pre-harvest reduction of food-borne pathogens in animals and the environment

Aim 1:
Development and optimization of therapeutic methods to eliminate or reduce E. coli O157:H7 from cattle.

A. 
Effect of acid resistance-inhibiting analog drugs on E. coli O157:H7 shedding from experimentally infected calves.

B. 
Screening and use of O157-lytic bacteriophage to clear O157 from infected calves.

C. 
Management of tilmicosin treatment of cattle to prevent antibiotic-induced O157 shedding from infected calves.

Aim 2:  Preventive natural barriers to the colonization of food borne pathogens

Aim 3: Defining food borne pathogen survival in manure and manure-amended soil use for fruit and vegetable production

Aim 4:  Development of Methods to detect pathogens in pre-harvest environments and  monitor rates of development and transfer of resistance to antibiotics.

Objective 2. Chemical and Physical Decontamination in Food Processing Plant Environments

Aim 1.  Develop Method for Determining the Efficacy of Pathogen Reduction (Decontamination)Treatments for Raw Food Commodities

Aim 2.  Validation of the effectiveness of  HACCP Systems in Food Processing Plant Environments
APPROACH AND PROCEDURES

Outlined in Table 1 is a list of states participating in each objective.  The coordinating state for each objective is highlighted in bold.

Objective 1: Pre-harvest reduction of food borne pathogens in animals and the environment

Aim 1:
Development and optimization of therapeutic methods to eliminate or reduce E. coli O157:H7 from cattle.

D. 
Effect of acid resistance-inhibiting analog drugs on E. coli O157:H7 shedding from experimentally infected calves.

E. 
Screening and use of O157-lytic bacteriophage to clear O157 from infected calves.

F. 
Management of tilmicosin treatment of cattle to prevent antibiotic-induced O157 shedding from infected calves.

In all three portions of Aim 1, the Auburn investigative team will be the lead group in this collaboration, and will use experimentally inoculated calves to test the effect of treatment on O157 fecal shedding.  This protocol is outlined below:

The calf model of O157 shedding.  Calves. Six to eight-week-old calves from the College of Veterinary Medicine dairy herd will be housed in an indoor calf isolation unit specifically renovated for this project.  Housing is in accordance with the guidelines of the American Association for Laboratory Animal Care in climate-controlled BL-2 containment rooms.  Trained support personnel will care for the calves routinely throughout the project, following guidelines approved by the Auburn University Institutional Biosafety Committee.  Before experimental inoculation, each calf will be weaned, acclimated and then cultured three times over five days to confirm the absence of resident O157:H7 strains.  Calves naturally infected with O157:H7 will be excluded from the study.  Bacterial cultures.  A nalidixic acid resistant mutant of E. coli O157:H7 (ATCC 43895) will be grown to stationary phase in brain-heart infusion broth (pH 5.5), washed in 0.85% saline, and suspended in 50 ml 0.85% saline to 108 cfu/ml.  Fifty-ml inocula composed of an untreated/treated strain pair will be combined and administered to calves by gavage (with a stomach tube), followed by 500 ml of 0.85% saline. Shedding.  Each inoculum will be administered to 4 calves.  Fecal culture of each calf will be performed daily for 16 days following inoculation, the average length of shedding at quantitative levels in this experimental model.  One gram of feces will be suspended in 9 ml of phosphate buffer and ten-fold serial dilutions will be prepared and duplicate plated onto MacConkey sorbitol agar containing the appropriate antibiotics for selection and differentiation of E. coli O157:H7.

A.  Effect of acid resistance-inhibiting analog drugs on E. coli O157:H7 shedding from experimentally infected calves.  In vivo efficacy of four analog drugs will be assessed in three stages by the Auburn investigators (AL).  Each of the drugs will “poison” the glutamate-dependent acid resistance system in E.coli, theoretically rendering them acid sensitive and poised for destruction in the bovine GI tract.  In Stage 1 trials, 2 calves per drug will be inoculated with 5 x 109 cfu of analog-treated O157 mixed in a 1:1 ratio with analog-resistant O157, isolated during assessments of mutation frequency (each strain will  be differentially marked with antibiotic resistance).  The shedding pattern of each strain will then be monitored by bacteriologic culture of feces.  The control calves for this experiment (2 per drug) will be a mix of untreated wild type and analog-resistant O157.  In the Stage 1 trials, we expect the experimental calves to shed the analog-resistant strain in higher quantities, while the control calves should shed both strains at equal rates.  In Stage 2 trials, 2 calves, already colonized with commensal E. coli, will be orally administered the analog that showed the best performance in Stage 1.  Two control calves will receive no drug.  We expect the analog-treated calves to shed lower numbers of E. coli than control calves, because of the identical nature of acid resistance in O157 and commensal E. coli strains.  To confirm that the analog will work in the field in naturally O157-infected cattle, 4 calves will be inoculated with a mix of two differentially marked strains, one wild-type (analog-sensitive) O157 as control, and the second an analog-resistant O157 (isolated during assessments of mutation frequency).  Four hours after inoculation, and at subsequent 24 h intervals, the analog drug will be given orally to the calves.  We expect the wild-type O157 to be shed at much lower levels than the analog-resistant O157.  This result would prove the efficacy of this strategy. In the unlikely event that analog-resistant O157 are not isolated, we will use separate calves to assess shedding of treated and untreated organisms.  In all three stages, a green fluorescent protein-labelled strain of E. coli O157:H7, obtained from collaborator Randy Worobo at Cornell (NY), will be included for quantitative comparison with the differentially antibiotic marked strains.  develSamples will be shipped to Cornell (NY) for parallel analysis with samples analyzed at Auburn (AL).

B.  Screening and use of O157-lytic bacteriophage to clear O157 from infected calves.


Phage Isolation and Screening.  E. coli O157-specific bacteriophage will be isolated using a fecal enrichment procedure.  Fecal samples from the Auburn University dairy and beef cattle herds will be collected, and aliquots will be added to exponential-phase cultures of E. coli O157:H7 (ATCC 43895) growing in Luria-Bertani broth supplemented with 5 mM MgSO4 (LBM).  Additional bovine fecal samples will be obtained from collaborators Melissa Newman (KY) and Randy Worobo (NY) to increase the number of different phage species characterized.  Following overnight culture at 37o C, the bacteria will be killed by addition of chloroform.  The supernatant containing the viable phage will be separated from fecal and cell debris by centrifugation, and filtered.  Individual phage species plaques will be isolated and titered by serial dilution plating of the supernatant onto lawns of strain 43895 using the soft agar overlay technique.  


Plaque-purified phage stocks will be amplified from strain 43895 soft agar lawns showing semi-confluent lysis.  In our hands, this procedure yields phage stocks in concentrations >1010 pfu/ml.  Amplified, plaque-purified phage stocks will be screened for lytic capabilities on bacterial lawns using two panels of E. coli strains.  One set will consist of serotype O157:H7(+)/O157:H7(-) strains, while a second set will be composed of non-serotype O157 strains of bovine and non-bovine origin.  Additional E. coli strains will be obtained from collaborators in (KY) and (NY) to broaden the number of strains screened.  Phage that show O157 specificity, i.e., those that form clear lytics zones on serotype O157 lawns but not on non-O157 lawns, will be assayed further for their killing ability in vitro under rumen conditions.


The therapeutically-useful phage cocktail will consist of three phage types that lyse O157:H7 but do not evoke cross-resistance in the host.  Consequently, our next step will be to isolate mutants of O157:H7 resistant to one lytic phage isolate and test those cells for susceptibility to other phage isolates.  Replica plating techniques can screen up to 50 phage isolates using a single plate.  Once three or more phage types are identified that can still infect and lyse cells resistant to their sister phages, we will determine the ability of each phage to kill O157 in liquid culture under rumen-like conditions. Collaborator Melissa Newman (KY) will help in the design of this synthetic rumen medium.  This assay will allow us to focus our initial calf experiments on a small subset of O157-specific phage that efficiently kill under these conditions.


In vitro Killing Assays.  Preliminary results by the Auburn subcontractors confirm the finding by Kudva et al. that isolation of O157-specific phage is relatively straightforward; five O157-specific phage have already been isolated and partially characterized by us.  After additional O157-specific phage are isolated, the next step will be to examine their O157 killing curves in liquid culture.  This assay will provide us with two important pieces of information.  First, phage with different killing characteristics can be considered different phage genotypes.  Thus, we will avoid choosing identical phage genotypes to include in the phage cocktails to be tested in calves.  Second, the killing assay will allow us to distinguish those phage which do not appear to kill O157 under rumen conditions, allowing us to focus our initial calf experiments on a small subset of O157-specific phage that do kill under these conditions.


To simulate conditions in the bovine rumen, killing assays will be performed at 37oC in LBM, pH 5.5, that has been supplemented with cysteine, a reducing agent, and incubated in an anaerobic chamber.  This anaerobic medium will be inoculated with 107 pfu of the phage to be assayed, and 104 E. coli O157:H7 (ATCC 43895), giving a multiplicity of infection (MOI) of 103 pfu/cfu.  This MOI was shown by Kudva et al. to give optimal killing of O157 cells.  Control flasks will contain E. coli only.  At various times post inoculation, aliquots of cultures will be serially diluted and plated for bacterial enumeration.  Comparison of E. coli survival in the phage-free control flasks to the survival of E. coli in the phage inoculated flasks will be made to determine the killing ability of individual phage species.  Mixtures of phage that show impressive killing, yet differ in their killing dynamics, will be tested together in killing assays to determine which set(s) of phage reduce E. coli numbers most effectively under in vitro conditions designed to simulate the bovine rumen.


Assay in calves.  A mix of > 3 strains of phage, determined in the in vitro killing assays to be most effective in reducing O157 numbers, will be tested for O157 killing in vivo using the calf shedding model.  This phage “cocktail” will be composed of 3 or more phage species, to decrease significantly the probability of the development of phage resistance by O157.  An inoculum containing 5 x 109 cfu of E. coli O157:H7 (ATCC 43985) and 1012 pfu of each phage species will be administered into the rumen of 4 calves by gastric lavage.  Four control calves will receive only E. coli.  Enumeration of O157 from feces will be performed daily for 16 days as described in the Calf Model section, above.  As in (A) of this Aim, GFP-labelled O157 will be utilized along with ATCC 43895, and duplicate fecal samples will be shipped to Cornell collaborator Worobo (NY) for enumeration.

C.
Management of tilmicosin treatment of cattle to prevent antibiotic-induced O157 shedding from infected calves. 

Antimicrobial treatment:  Two sets of four calves will be inoculated with strain 43895.  Fourteen days post-inoculation, when O157 shedding in this model drops to 104-105 cfu/g feces, one set of calves will receive a therapeutic dose of tilmicosin (10 mg/kg).  The second set of calves will serve as controls and receive no tilmicosin.  The O157 shedding patterns from the two sets of calves will be compared for fourteen days post inoculation to determine if the “tilmicosin effect”, first noticed in calves from a previous study, is reproducible, resulting in O157 shedding increases following drug administration.  Because tilmicosin targets primarily Gram positive bacteria and members of the genus Mycoplasma, but not E. coli, no tilmicosin resistant mutant of strain 43895 will be needed.


Bacteriological techniques:  Following inoculation, calf fecal specimens will be cultured daily for the presence of E. coli O157:H7.  Ten-fold dilutions of specimens will be plated in duplicate onto sorbitol-MacConkey agar (SMAC) plates containing nalidixic acid for quantitative bacteriology.  SMAC medium differentiates rapid sorbitol fermenting bacteria, such as non-O157 E. coli, from E. coli O157:H7, which is a slow sorbitol fermenter.  Serological confirmation of colony identities will be made using a commercial O157 latex agglutination kit.


Duplicate samples of these fecal specimens will be shipped to Melissa Newman (KY) for analysis of anaerobic species, to determine the effect of tilmicosin on the anaerobic flora of treated calves.  


Probiotic treatment.  To determine what species of the commensal flora is targeted by tilmicosin, and whose removal allows O157 populations to expand, probiotic treatments will be given to calves.  Collaborator Newman in (KY) and Brashears (NE) in Nebraska will provide various mixes of probiotic formulas to the Auburn group (AL).  Probiotic formulas that reverse the O157-expansion in tilmicosin treated calves will by analyzed in (KY) for species content.

Aim 2:  Preventative natural barriers to the colonization of food-borne pathogens
The authors suggest the use of lactic acid bacteria in combination with FOS as a feasible approach to control salmonella. Other studies have demonstrated a reduction in salmonella in birds challenged with S. typhimurium with and without FOS and a CE culture. FOS alone had little effect on salmonella exclusion but FOS in combination with a defined CE product had an additive effect on salmonella exclusion. Several studies have been undertaken to evaluate methods to control Campylobacter in animals. As with salmonella, the cecum seems to be the primary site of colonization for Campylobacter jejuni in poultry (Beery et al., 1988). Campylobacter apparently colonize the crypt mucus without attaching to the microvilli. C. jejuni is attracted to mucin, a viscous, high molecular weight glycoprotein which is a major constituent of saliva, gastric juice and intestinal fluid and acts as a lubricant or protective layer in the body. C. jejuni is attracted to mucin and L-fucose which is a major component of mucin and can utilize mucin as a sole substrate for growth (Hugdahl et al., 1988). One method to attempt to control this pathogen has been the use of bacterial isolates that grow on mucin as their sole carbon source and produce anti-Campylobacter metabolites (Schoeni and DoyIe, 1992). Schoeni and Wong (1994) demonstrated that significantly fewer birds were colonized with Campylobacter jejuni when supplemental mannose was supplied to the birds.   Investigators participating in this objective will study lactic acid bacteria as CE culture  in combination with various FOS.  Because of limited resources, all combinations of CE cultures and FOS can not be studied at a single university.  Similar studies will be conducted at each university to determine which combination(s) of CE and FOS will best inhibit food-borne pathogens in poultry.  Additionally, new bacterial strains will be isolated that utilize mucin as a sole carbon source these isolates will also be tested in combination with CE cultures and FOS at the various institutions to determine the extent of pathogen reduction.

Aim 3: Defining food borne pathogen survival in manure and manure-amended soil use for fruit and vegetable production.

To adequately determine the holding time necessary for untreated manure, the survival rate of food-borne pathogens commonly associated with animal manure will be determined in various soils from New York (Dr. Worobo), Alabama (Dr. Price) and Kentucky  (Dr. Newman).  Manure produced by different diet regimes for cattle will be produced by Dr. Price (Alabama) and survival rates in the manure and different soils will be assessed to determine whether soil compositions affect the survival rates of food-borne pathogens.

The objectives of this research project are to:

1. Determine the survival rate of food-borne pathogens that are commonly spread in feces (Salmonella sp., E. coli O157:H7 ATCC 43889, ATCC 43895, 933 and Listeria monocytogenes).

2. Calculate with a safety margin, the recommended holding time based on death rate value (D-value) for untreated manure when applied to cropland.

3. Determine if soil conditions affect the survival rates of the selected food-borne pathogens when compared to survival data collected from different soils in the participating states.

Methodology for the use of Green Fluorescent Protein expressing pathogens


The pathogens used in this study will be screened by direct examination for green fluorescent colonies when exposed to ultraviolet light (266 nm).  The reason that a Green Fluorescent Protein detection system is used is because soil and manure have extremely varied and diverse microbial populations.  Selective media for these pathogens is not suitable because it does not enumerate injured microbial cells which can be a large proportion of microorganisms when subjected to harsh environments such as ultraviolet light, drying, acidity and competing microbial populations.  Utilizing the GFP detection system, nonselective media is used and both injured and healthy inoculated pathogens are enumerated to accurately assess the surviving pathogens present.  Green Fluorescent Protein originates from squid (Aequorea victoria ) and does not exist in bacteria normally found in manure or soil.  The GFP gene has been cloned into plasmids that are capable of replicating and producing green fluorescent protein in both Gram-negative and Gram-positive organisms.  The plasmid encoding for GFP will be introduced into the selected pathogens using electroporation.

Aim 4:  Development of Methods to detect pathogens in pre-harvest environments and  monitor rates of development and transfer of resistance to antibiotics.

1.   Methods for detection of bacterial pathogens (Campylobacter jejuni) in environmental samples.  

Experiment 1. Modify existing basic TaqMan and Allelic Discrimination Assays for direct use on environmental samples.

1). Rationale: The rapid assays will be more rapid and useful if they can detect the pathogen directly in food, fecal, and other environmental samples.

2) Experimental design: The main goal is to remove contaminating materials from samples that could interfere with the PCR assays and at the same time to concentrate the bacterial cells to increase sensitivity.

3) Methods:

a) We are currently testing immuno-magnetic beads (Dynabeads pan mouse IgG) coated with C. jejuni-specific monoclonal antibodies (Biogenesis) to help remove contaminants and to concentrate cells.

b) We would like to test diatomaceous earth which apparently is being used successfully by the USDA to achieve the same purpose.  

c) After this method has been developed, the accuracy will be determined by other scientists in this group.  Scientists in Nebraska, Alabama, New York and Kentucky will use the new methods to detect Campylobacter in pre-harvest and food processing environments.

Experiment 2. Perform microbiological analysis in a collaborative project funded by USDA entitled: “Risk factors for Salmonella and Campylobacter and drug resistance in dairy cattle” (PI, John Kaneene).

1). Rationale: Fluoroquinolones were approved for use in beef cattle in 1998/1999 but not for use in dairy cows.  We will be receiving many CipR isolates from animals and humans from NARMS looking for the mechanisms of CipR in these field isolates.  The dairy herds will not have been exposed directly to fluoroquinolones so it will be very interesting to determine if resistance exists in this population and if so at what level.  The main focus is to measure the prevalence of Campylobacter spp. (Dr. Walker), Campylobacter jejuni (Linz and Mansfield), and resistance to 10 different antibiotics (Dr. Walker) in the dairy herd isolates. 

2) Experimental design: Up to 24,000 bacterial isolates will be collected during a 3 year grant.  We expect that about 12,000 Campylobacter isolates will be identified by selective plating.  Additionally isolates collected in pre and post harvest environments in Nebraska, Alabama, Kentucky and New York will be sent to the University of Minnesota and analyzed.

3) Methods:   We will run the TaqMan assay on these isolates to identify those which are C. jejuni. Isolates which are determined to be CipR by Dr. Walker (via NCCLS microbroth dilution method) will be subjected to the Allelic Discrimination assay to determine those which are CipR due to a codon 86 mutation in gyrA

 Experiment 3. Mechanism of CipR in C. jejuni.  Screen 50 CipR and 50 Cip susceptible (CipS; MIC 1 ug/ml) human and animal C. jejuni isolates plus 50 CipR isolates generated in the laboratory using a rapid polymerase chain reaction (PCR) TaqMan Allelic Discrimination Assay to determine if a codon 86 mutation in the QRDR of gyrA is necessary for development of CipR.  Sequence the QRDR in representative isolates to confirm the rapid assay results.

1).  Rationale: NARMS and Smith et al. (1999) report a high frequency of CipR (MIC 4 g/ml)  in C. jejuni isolates in humans (13%) and poultry (20 %). All CipR C. jejuni human isolates collected by NARMS in 1997 and 1998 displayed a HLCR phenotype (MIC  16 ug/ml) suggesting that strains develop or acquire high level resistance rapidly and that strains with intermediate levels of resistance (between 2 and 4 g/ml) are rare. Published data from 30  C. jejuni clinical and laboratory isolates and 11 HLCR isolates generated in our laboratory suggest that a single base transition at codon 86 in the QRDR region of gyrA in C. jejuni is associated with development of HLCR.
. 

2).  Experimental design: C. jejuni human and animal isolates collected at the collaborating states will be separated into 2 groups based on MIC: 50 CipR isolates (MIC 4 ug/ml) and 50 CipS isolates (MIC 1 ug/ml). In addition, we will generate 5 CipR isolates in the laboratory from 10 different C. jejuni CipS strains (for a total of 50 CipR laboratory isolates).  All isolates will be subjected to the Allelic Discrimination Assay to identify those containing a specific C to T transition in codon 86.  The QRDR from gyrA in 10 isolates from each of the 3 groups (CipR, CipS, and CipR laboratory isolates) and all CipR isolates which test negative for the C to T transition will be amplified by PCR and the nucleotide sequence determined to confirm the accuracy of the Allelic Discrimination assay and to find all mutants (including codon 86 mutants) which may not carry the C to T transition.  A nucleotide sequence database for the QRDR region will be generated which measures the frequency of QRDR mutations, the specific location, and the relationship to the level of FQ resistance.

3).  Methods:

a). Strain collection; The Campylobacter isolate collection is described in Section B.

b). MIC Determination .  The microbroth dilution assay is described in Section B.tc \l5 "b). MIC Determination .  The microbroth dilution assay is described in Section B.
c). Amplification and nucleotide sequencing of QRDR of gyrA.   The PCR primers of Husmann et al. (1991) amplify a 400 nucleotide region containing the entire QRDR. Automated nucleotide sequencing will be conducted at the MSU sequencing facility in collaboration with Dr. Tom Newman.  Analysis and alignment of nucleotide sequence data will be conducted using PILEUP (GCG) available on campus. tc \l5 "c). Amplification and nucleotide sequencing of QRDR of gyrA.   The PCR primers of Husmann et al. (1991) amplify a 400 nucleotide region containing the entire QRDR. Automated nucleotide sequencing will be conducted at the MSU sequencing facility in collaboration with Dr. Tom Newman.  Analysis and alignment of nucleotide sequence data will be conducted using PILEUP (GCG) available on campus. 
d) TaqMan Allelic Disrimination Assay.  This assay will be conducted in collaboration with Dr. Tom Newman.tc \l5 "d) TaqMan Allelic Disrimination Assay.  This assay will be conducted in collaboration with Dr. Tom Newman.
4).  Follow up studies: If a single-step mutation in codon 86 is a primary mechanism for development of CipR, we will measure the cross-resistance of these isolates to the more effective new generation fluoroquinolone antibiotics (gatifloxacin, trovofloxacin, moxifloxacin).  Structural differences in the antibiotic molecules may result in susceptibility in these Cip resistant isolates due to decreased affinity to DNA gyrase and/or affinity to multiple targets (gyrA, gyrB, parC, parE).  In either case, multiple mutations would have to occur to acquire HFQR reducing the likelihood and rate of acquisition of resistance in the field.  

Experiment 4. Transfer of CipR in C. jejuni  Transform 10 CipS human and animal C. jejuni isolates with the QRDR of gyrA from CipR isolates and the QRDR of gyrA from CipR isolates derived from susceptible parent strains to determine if a codon 86 mutation is sufficient for development of CipR.  Transform the same CipS strains with the QRDR from 10 CipS C. jejuni isolates containing a wild type codon 86 (control).

1) Rationale.  If a single base mutation at codon 86 in the QRDR of gyrA is sufficient to confer the CipR phenotype, transformation of a DNA fragment containing this mutation into an isolate with a CipS genetic background (wild type gyrA, gyrB, parC, and parE) should confer CipR.  

2) Experimental design. 10 CipS human and animal strains will be transformed with 3 different DNA fragments: a) the QRDR from a single CipR isolate generated in the laboratory from each of 10 CipS C. jejuni recipient strains; b) the QRDR from the 10 CipS recipient strains (controls); and the QRDR from 10 CipR human and animal isolates.  The nucleotide sequence for each QRDR fragment will be determined as part of Experiment 1 to demonstrate that the codon 86 mutation is the only base change in this QRDR fragment.

3) Methods

a) PCR amplification of the QRDR and nucleotide sequence analysis.  Same as for Specific Aim 1
b) Natural transformation. Recipients strains will be transformed with 0.5 to 1 ug of the appropriate QRDR fragment by natural transformation and selected for ability to grow on Brucella Agar with Sheep’s Blood (BASB) containing Cip at 4 g/ml.  Transformants will be retested on BASB with Cip at 16g/ml to determine the number of CipR transformants that are HLCR.
Experiment 5. Mechanism of ErmR in C. jejuni. Screen 50 ErmR and 50 Erm susceptible (ErmS; MIC  0.5 g/ml) C. jejuni isolates by PCR and reverse transcriptase (RT) PCR analyses to measure the relative contribution of 2 potential mechanisms for development of ErmR: a) specific mutations in the 23S rRNA, and b) the expression of ermF.


1).  Rationale: We recently identified an erm homolog in C. jejuni with 29% identity and 42% similarity overall to ermF from Bacteroides fragilis (Rasmussen et al.,1986) and localized identities to other erm genes. Because ErmR isolates of C. jejuni studied to date are cross-resistant to lincosamide and streptogramin B (Taylor, 1992), this suggests that a MLS resistance mechanism conferred by our ermF homologue is a distinct possibility.  Based on these new data, we proposed that transfer or activation of an ermF homologue is one primary mechanism of conferring the ErmR phenotype in C. coli and C jejuni.  

2).  Experimental design: Using a PCR assay and appropriate primers, we will screen 50 ErmR and 50 ErmS isolates for the relative proportion which are resistant via each of the two potential resistance mechanisms discussed above (mutations in 23S; RNA di-methylase). First, we will amplify the ermF homologue from genomic DNA of an ErmR isolate using appropriate PCR primers.  We will analyze each of the ErmR and ErmS isolates using these same PCR primers to detect the presence of ermF and utilize the cloned gene to transform Erm susceptible C. jejuni and C. coli isolates.  If transformation confers resistance and the gene is present in resistant and susceptible isolates, we will determine the nucleotide sequence of both genes to identify a mutation that may result in gene activation by a change in activity or expression levels. Reverse transcriptase PCR (RT- PCR) of resistant and susceptible isolates will be used to measure transcript levels for the Erm homologue to determine if the gene, if present, is expressed in all isolates. Second, we will use appropriate primers to amplify Domain V of the 23S  rRNA gene in the ErmR and ErmS isolates to determine the frequency of mutations in this domain.  Genomic DNA and cloned 23S DNA fragments will be used to transform susceptible isolates to confirm that the mutations detected in the PCR screening assay are sufficient to confer ErmR. 

3).  Methods: 

a)  PCR cloning/ PCR screening assay.  We will use standard procedures outlined in Current Protocols in Molecular Biology; Ausubel et al. (1999; Chapter 15).  (ii) RT PCR of Erm transcript.  We will use the procedure of  Pickens et al. (1999) for amplification of the erm transcript.  

b) Transformation of C. jejuni and C. coli. Transformation will be performed using the published (Wang and Taylor, 1990; Wassenaar et al., 1993) natural transformation procedures already established in our laboratorytc \l5 "b) Transformation of C. jejuni and C. coli. Transformation will be performed using the published (Wang and Taylor, 1990; Wassenaar et al., 1993) natural transformation procedures already established in our laboratory.

4). Follow up studies. If the ermF homologue confers resistance, we will study the rate of intra-strain, inter strain and inter species transfer of this gene.

Objective 2. Chemical and Physical Decontamination in Food Processing Plant Environments

Chemical treatment to reduce the load of spoilage and pathogenic

microorganisms on raw food commodities has been extensively researched.

While efficacy has been clearly demonstrated in many laboratory

experiments, few novel chemical treatments have been adopted into

commercial processing of raw food commodities. The lack of commercial

use of such treatments, in a time when food safety has emerged as the

key consumer issue, serves to demonstrate the need for further work in

this area. Processors have been hesitant to adopt new technologies, in

part, due to a lack of consistent data. That is, data often vary from

one study to the other. These inconsistencies in results are primarily

due to difference in experimental procedures and conditions. There is a

great variety of methods that have been used by researchers when

investigation potential antimicrobial treatments. To compare results for

one study to another, methodologies for testing potential treatments for

raw commodities must be more standard. Use of a more standard method of

testing will allow processors to confidently adopt procedures as part of

their pathogen control systems. Furthermore, validation of procedures

for reducing pathogens will be facilitated by a better understanding of

the influence of experimental variables on antimicrobial efficacy."
Aim 1.  Develop Method for Determining the Efficacy of Pathogen Reduction (Decontamination)Treatments for Raw Food Commodities

Within the participants of this project, there is a great deal of experience in investigating antimicrobial treatments. Therefore, these participants, who have used a wide variety of assessment methods, will undertake a commitment to developing a central method and recommendation for researchers to use when quantifying antimicrobial activity of novel decontaminants. 

Table 1. Variables to be evaluated.

Inoculum
          Challenge organisms

          Inoculum preparation

          Method of inoculation

Recovery of challenge organisms
          Quantitative vs qualitative     methods

Application of treatments
          Inoculum contact time

          Treatment neutralization

_______________________________

Commodity Type



Over the first year of this project, comparison of methods that have been routinely used by the participants will be compared, with particular focus on justification for use of the particular method. Additionally, an exhaustive review of literature will be done. The review of methods used by the participants and of those in the literature will allow the development of a review document to be published by the multi-state project participants. Furthermore, this review will allow the development of collaborative inter-laboratory studies to investigate the various variables (factors) associated with the testing methods. The factors or variable that must be evaluated to develop a standardized method are given in Table 1.

The inter-laboratory studies will be conducted by Alabama, Arkansas, Iowa, Kentucky, Michigan, Minnesota, Mississippi, Nebraska, New York, North Carolina, South Carolina, Tennessee and Virginia. It is anticipated that the first annual project meeting will be devoted to the review indicated above, and subsequently to a prioritization of the factors to be evaluated. Annual plans of work (POWs) will consist of experiments to be carried out by the participants to collect essential data for each factor. Subsequently, data will be interpreted by the participants so that recommendations can be made. The annual meetings will serve as a primary means of exchanging and comparing data.

The last phase of the project will be an overall evaluation of the developed method(s) with various treatments and food commodities. It is anticipated that one single protocol will not be fully applicable to all commodities, and that minor modification will be needed to apply the central protocol. Thus, this latter evaluation will be essential to development of final recommendation on a standardized testing procedure.

Aim 2.  Validation of the effectiveness HACCP Systems in Food Processing Plant Environments
To develop time/temperature formulas that can be used to develop user-friendly charts for processors to establish CCPs, extensive review of literature for prediction equations for thermal properties of meat products, for unsteady-state heat transfer in meat or similar processing environments and for microbial activity (e.g. cell growth, toxin production, etc.) under various environmental conditions will be done at the University of Nebraska by Food Engineers.  An integration of various relationships into models predicting microbial activity based on processing environmental conditions and type of meat product, and construction of a database for several processing scenarios will be done to develop the preliminary time/temperature formulas.

 
To ensure that the preliminary formulas are accurate, validation (correlation) of prediction models with actual time, temperature and activity measurements made in a laboratory setting at the University of Nebraska.  Further validation (correlation) of prediction models with actual time, temperature and activity measurements made in a full-scale processing setting in food processing environments in Nebraska, Virginia and Iowa, North Carolina and Mississippi.  All data generated will be sent to the University of Nebraska for analysis and to correlate predicted models with actual observations.  Simple, easy to use, time/temperature and activity charts (in English and Spanish) for selected meat products and organisms will be developed and distributed to the meat industry and regulatory agencies.


In order to determine the correlation between temperature loss in a food product and the impact room temperature has on that product, temperature data will be collected in both laboratory settings and in food processing plant environments.  Room temperature and product temperature will be recorded.  Data collected in Virginia will be sent to UNL for statistical calculations.  Food Engineers at UNL will utilized data collected at food processing facilities in Nebraska and Virginia to develop formulas that can be used in the food industry to determine when a corrective action should be taken.  

Another approach we will use to validate that hazards are being controlled will by direct microbial evaluation before and after CCPs in the process, HACCP implementation, and/or corrective actions are taken.  Microbial analysis can be used to validate the microbiological adequacy of the processes of food production.  Because the food processing industry is so varied, a number of processing plants, HACCP systems, CCPs and corrective actions need to be examined to fulfil the need for validated HACCP plans.

Scientists in Nebraska, Virginia and Iowa, North Carolina and Mississippi will identify HACCP issues specific to the food processors that they have close ties with.  Many of the needs will be dictated by USDA or FDA recommendations to provide “statistically sound scientific evidence” to support the HACCP plan.  Microbial data including counts of total aerobic organisms, coliform/generic E. coli, psychrotropic organisms, lactic acid bacteria, pseudomonads, and acid tolerant organisms will be collected.  Pathogen information will be collected at the plant’s request/permission.  Data collected will be shared among the cooperating states to prevent duplication of work and to develop one document that can be used by food processors and regulatory agencies.

ORGANIZATION

The member ship of the Regional technical Committee includes:

a. The regional administrative advisor (non-voting);

b. A technical representative of each cooperative experiment station, appointed by the respective Director.

c. A technical representative of each cooperative USDA research division or other Federal agency named by the Director of the division or Head of the agency;

An executive committee consisting of Chairman, Vice Chairman, and Secretary, elected by the Technical Committee members, is designated to conduct business of the Technical Committee between meeting and to perform other duties assigned by the Technical Committee.  The term of office for each Executive Committee member is two years.  The progression is Secretary, Vice chairman to Chairman, for a total of six years.


The duties of the Technical Committee will be to coordinate planning and work of the project and make such recommendations as are necessary through the Administrative Advisor to the Southern Association of Agricultural Experiment Station Directors.  The functions of the chair will be to preside over meeting and edit the annual report.  The recording secretary shall take minutes at the annual meeting and distribute these to members of the committee within a month of the meeting.


The Technical Committee will meet annually to review progress, develop research plans and coordinate research efforts in order to maintain the Committee’s focus on the objectives identified in the project.  During the annual meeting, the research coordinators from each of the lead states (Table 1) will summarize for the entire Regional Technical Committee the plan of work for the next year in the specified research areas in meeting the goals of each objective.  In addition to the annual meeting, the coordinators are responsible for maintaining active communication with their cooperating stations principal investigator in order to maintain a current knowledge base of research accomplishment within the specified problem area.  This linkage will enhance the research effectiveness and productivity, reduce duplication and unnecessary work, and strengthen the regionality among cooperating stations.

Copies of the Annual Progress Report, including major accomplishments of contributing project and minutes of the annual meeting will be distributed each year.

SIGNATURES

Enhancing Food Safety Through Control of Food-borne Disease Agents

______________________________
___________

Regional Administration Advisor
Date

______________________________
___________

Chairman, Regional Directors
Date

______________________________
___________

Administrator,
Date

Cooperative State Research, Education, Extension Service

Table 1.  Objectives and Procedures.  Coordinating station is designated first and is in bold.  

Objective 1: Pre-harvest reduction of food borne pathogens in animals and the environment

Aim 1:
Development and optimization of therapeutic methods to eliminate or reduce E. coli O157:H7 from cattle.

G. 
Effect of acid resistance-inhibiting analog drugs on E. coli O157:H7 shedding from experimentally infected calves.

H. 
Screening and use of O157-lytic bacteriophage to clear O157 from infected calves.

I. 
Management of tilmicosin treatment of cattle to prevent antibiotic-induced O157 shedding from infected calves.

States:  AL, NY, KY, NE

Aim 2:  Preventative natural barriers to the colonization of food borne pathogens

States:
 KY, AL, NY, MN. NE

Aim 3: Defining food borne pathogen survival in manure and manure-amended soil use for fruit and vegetable production

States: NY, AL, KY, IA, MN

Aim 4:  Development of Methods to detect pathogens in pre-harvest environments and monitor rates of development and transfer of resistance to antibiotics.

States:  MN, NE, AL, KY, NY

Objective 2. Chemical and Physical Decontamination in Food Processing Plant Environments

Aim 1.  Develop Method for Determining the Efficacy of Pathogen Reduction (Decontamination) Treatments for Raw Food Commodities

States: AL, KY, NC, AR, IA, MS, VA, SC, MN, NE

Aim 2.  Validation of the effectiveness of HACCP Systems in Food Processing Plant Environments

States:  NE, VA, NC, IA, MS

REFERENCES
Adams, M.H., M. Colberg, R.E. Hierholzer, J.M. Kopek, J.P. McGinnis, M.A. Reiber and A.L. Izat. 1990.  Effects of various chill water treatments on incidence and levels of salmonellae on processed carcasses.  Poultry Sci.  69(Sl):152.

Adler-Mosca, M.H., J.L. Hottenstein, G.M. Lucchini, A. Burnens, and M. Altwegg.  1991.  Development of resistance to quinolones in five patients with Campylobacteriosis treated with norfloxacin or ciprofloxacin. Eur. J. Clin. Microbiol. Infect. Dis. 10:953-957.

Alisky, J., K. Iczkowski, A. Rapoport, and N. Troitsky.  1998.  Bacteriophages show promise as antimicrobial agents.  J. Infect.  36:5-15.

Altekruse, S., M.L. Cohen, and D.L. Swerdlow.  1997.  Emerging foodborne diseases. Emerging Infectious Diseases 3.

ASM, American Society for Microbiology Press Release, May, 1997. Financial impact of foodborne diseases.  Economic Research Service, USDA. Washington, DC.

Atkinson, R.L., F.H. Kratzer and G.F. Stewart. 1957. Lactose in animal and human feeding: A Review. J. Dairy Sci. 50:1114-1132.

Ausubel, F.M., R. Brent, R.E Kingston, D.D. Moore, J.G. Seidman, J.A. Smith, K. Struhl.  Current Protocols in Molecular Biology. 1999. John Wiley and Sons.  Chapter 15.

Bell, K.Y., C. C. Cutter, and S.S. Sumner.  1997.  Reduction of food-borne micro-organisms on beef carcass tissue ausing acetic acid, sodium bicarbonate, and hydrogen peroxide spray washes.  Food Micro.  14: 439-448.

Bell, B. P., M. Goldoft, P. M. Griffin, M. A. Davis, D. C. Gordon, P. I. Tarr, C. A. Bartleson,  J. H. Lewis, T. J. Barrett, J. G. Wells, R. B. Baron, and J. Kobayashi. 1994.  A multistate outbreak of Escherichia coli O157:H7-associated bloody diarrhea and hemolytic uremic syndrome from hamburgers.  The Washington experience.  J. Am. Med. Assoc.  272:1349-1353.

Bender, F.G. 1992.  The effect of trisodium phosphate on Salmonella, Escherichia coli Enterobacteriaceae, and aerobic plate counts on broiler carcasses, pp. 215-217 In: Proc. 19th World Poultry Congress (vol III), Amsterdam, The Netherlands.

Beery, J.T., M.B. Hugdahl and M.P. Doyle. 1988. Colonization of the gastrointestinal tracts of chicks by Campylobacter jejuni. Appl. Environ. Microbial. 54:2365-2370.

Besser, T. E., D. D. Hancock, L. C. Pritchett, E. M. McRae, D. H. Rice, and P. I. Tarr.  1997.  Duration of detection of fecal excretion of Escherichia coli O157:H7 in cattle.  J. Infect. Dis.  175:726-729.

Besser, T. E., S. M. Lett, J. T. Weber, M. P. Doyle, T. J. Barrett, J. G. Wells, and P. M. Griffin.  1993.  An outbreak of diarrhea and hemolytic uremic syndrome from Escherichia coli O157:H7 in fresh-pressed apple cider.  J. Am. Med. Assoc.  269:2217-2220.

Beuchat, L.R. 1992.  Surface disinfection of raw produce.  Dairy Food Environ. Sanit. 12:6-9.

Beuchat, L.R. 1996. Pathogenic microorganisms associated with fresh produce. J. Food Prot. 59:204-216.

Beuchat, L.R., and R.E. Brackett.  1990.  Growth of Listeria monocytogenes on lettuce as influenced by shredding, chlorine treatment, modified atmosphere packaging, temperature and time.  J. Food Sci. 55:755-758, 870.

Beuchat, L.R., and R.E. Brackett.  1991.  Behavior of Listeria monocytogenes inoculated into raw tomatoes and processed tomato products.  Appl. Environ. Microbiol.  57:1367-1371.

Bilgili, S.F., D.E. Conner, and L. Pinion. 1996. Broiler skin color as affected by organic acids: influence of concetration and method of application (Abstract). Presented at Ann. Mtg. Southern Poult. Sci. Soc. , Jan. 22-23, Atlanta.

Brackett, R.E.  1987.  Antimicrobial effect of chlorine on Listeria monocytogenes.  J. Food Prot. 50:999-1003.

Brackett, R.E. 1994.  Microbiological spoilage and pathogens in minimally processed refrigerated fruits and vegetables, p. 269-312.  In minimally processed refrigerated fruits and vegetables.  Chapman and Hall, New York.

Brown, C. A., B. G. Harmon, T. Zhao, and M. P. Doyle.  1997.  Experimental Escherichia coli O157:H7 carriage in calves.  Appl. Environ. Microbiol.  63:27-32.

Buzby, J.C. and T. Roberts.  1996.  ERS updates US foodborne disease costs for seven pathogens. Food Rev. 19:20-25.

Buzby, J.C., B.M. Allos, and T. Roberts.  1997.  The economic burden of Campylobacter-associated Guillain-Barre syndrome. J. Infect. Dis. 176:S192-S197.

CDC, 1994.  Addressing emerging infectious disease threats to health: A prevention strategy for the United States.  Atlanta, GA:  US Dept. of Health and Human Services, Public Health Service.

Centers for Disease Control.  1995.  Escherichia coli O157:H7 outbreak linked to commercially distributed dry-cured salami-Washington and California 1994.  Morbid. Mortal. Weekly Rep.  44:157-160

Centers for Disease Control. 1996.  Outbreak of Escherichia coli O157:H7 infections associated with drinking unpasteurized commercial apple juice--British Columbia, California, Colorado, and Washington, October 1996.  Morbid. Mortal. Weekly Rep. 45:975.

Charvalos, E., E. Peteinaki, I. Spyridaki, et al.  1996.  Detection of ciprofloxacin resistance mutations in Campylobacter jejune gyrA by nonradioisotopic single-strand conformation polymorphism and direct DNA sequencing. J. Clin. Lab. Anal. 10:129-133.

 65:410.

Chung, K.C. and J.M. Goepfert. 1970.  Growth of Salmonella at low pH.  J. Food Sci.  35:326-328.

Conner, D.E. and S.F. Bilgili. 1994.  Skin attachment model for improved laboratory evaluation of potential carcass disinfectants for their efficacy against Salmonella attached to broiler skin.  J. Food Prot.  57:684-688.

Corrier, D.E., A. Hinton, Jr., R.L. Ziprin, R.C. Beier and J.R. DeLoach. 1990. Effect of dietary lactose on cecal pH, bacteriostatic VFA and Salmonella typhimurium colonization of broiler chicks. Avian Dis. 34:617-625.

Corrier, D.E., D.G. Nisbet and J.R. DeLoach. 1996. Effect of dosage titration of a characterized CE culture on salmoneIla resistance in broiler chicks. South. Poult. Sci. Abstracts p. 23.

Costilow, R. N., Uebersax, M. A., and Ward, P. J. 1984.  Use of chlorine dioxide for controlling microorganisms during the handling and storage of fresh cucumbers.  J. Food Sci. 49:396-401.

Cox, N.A., J.S. Bailey, M.E. Berrang, J.M. Mauldin, and R.J. Buhr. 1996. A dramatic reduction in the Salmonellae contamination in commercial broiler hatcheries in the past five years. Abstract. South. PouIt. Sci. 17:46.

Cray, W. C., and H. W. Moon.  1995.  Experimental infection of calves and adult cattle with Escherichia coli O157:H7.  Appl. Environ. Microbiol.  61:1586-1590.

Dickens, J.A. and N.A. Cox. 1992.  The effect of air scrubbing on moisture pickup, aerobic plate counts, Enterobacteriaceae, and the incidence of Salmonella on artificially inoculated broiler carcasses.  Poultry Sci. 71:560-564.

Dickson, J.S. 1991.  Control of Salmonella typhimurium, Listeria monocytogenes, and Escherichia coli O157:H7 on beef in a model spray chilling system.  J. Food Sci.  56:191-193.

Dickson, J.S. and M.E. Anderson. 1992.  Microbiological decontamination of food animal carcasses by washing and sanitizing systems:  a review.  J. Food Prot.  55:133-140.

Diez-Gonzalez, F., T. R. Callaway, M. G. Kizoulis, and J. B. Russell.  1998.  Grain feeding and the dissemination of acid-resistant Escherichia coli from cattle.  Science 281:1666-1668.

Dormedy, E., M. Brashears, and C. Cutter.  Validation of acid washes as critical control points in HACCP Systems.  J. Food Prot.  (In Press).

Dryden, M.S., R.J. Gabb, and S.K. Wright.  1996.  Empirical treatment of severe acute community-acquired gastroenteritis with ciprofloxacin. Clin. Infect. Dis. 22:1019-1025.

Emswiler, B.S., A.W. Kotula, and D.K. Rough. 1976.  Bactericidal effectiveness of three chlorine sources used in beef carcass washing.  J.  Anim. Sci.  42:1445-1450.

Faith, N. G., J. A. Shere, R. Brosch, K. W. Arnold, S. E. Ansay, M. S. Lee, J. B. Luchansky, and C. W. Kaspar.  1996.  Prevalence and clonal nature of Escherichia coli O157:H7 on dairy farms in Wisconsin.  Appl. Environ. Microbiol. 62:1519-1525. 

Food and Drug Administration. 1995.  Secondary direct food additive permitted in food for human consumption.  Federal Register. 60 (42):11899-11900.

Fratamico, P. M., Deng, M. Y., Strobaugh, T. P., and S. A. Palumbo.  1997.  Construction and Characterization of Escherichia coli O157:H7 Strains Expressing Firefly Luciferase and Green Fluorescent Protein and Their Use in Survival Studies.  J. Food Prot.  60:1167-1173.

Freter, R. and G.W. Jones. 1976. Adhesive properties of Vibrio cholera: nature of the interaction with mucosal surfaces. Infect. Immun. 14:246-253.

FSIS. 1995.  Food Safety Research: current activities and future needs.  Washington, DC, USDA.  Fang, F.C., S.J. Libby, N.A. Buchmeier, P.C. loewen, J. Switala, J. Harwood, and D.G. Guiney.  1992.  The alternative  factor KatF (RpoS) regulates Salmonella virulence. Proc. Natl. Acad. Sci. USA 89:11978-11982.

Gaunt, P.N. and L.J. Piddock.  1996.  Ciprofloxacin resistant Campylobacter spp. in humans: an epidemiological and laboratory study. J. Antimicrob. Chemother. 37:747-757.

Gibreel, A., E. Sjogren, B. Kaijser, B. Wretlind, and O. Skold.  1998.  Rapid emergence of high-level resistance to quinolones in Campylobacter jejuni associated with mutational changes in gyrA and parC. Antimicrob. Agents Chemother. 42:3276-3278.

Goren, E.W.A. de Jong, P Doornebal, JP. Koopman and H.M. Kennis. 1984. Protection of chicks against salmonella infection by spray application of intestina1 microflora in the hatchery. Vet. Quart. p.73.

Griffin, P. M., and R. V. Tauxe.  1991.  The epidemiology of infections caused by Escherichia coli O157:H7, other enterohemorrhagic E. coli, and the associated hemolytic uremic syndrome.  Epidemiol. Rev.  13:60-98.

Hancock, D. D., T. E. Besser, M. L. Kinsel, P. I. Tarr, D. H. Rice, and M. G. Paros.  1994.  The prevalence of Escherichia coli O157:H7 in dairy and beef cattle in Washington State.  Epidemiol. Infect.  113:199-207.

Harris, N.V., N.S. Weiss, and C.M. Nolan.  1986A.  The role of poultry and meats in the etiology of Campylobacter jejune/coli enteritis. Am. J. Public Health 76:407-411, 1986A.

Harris, N.V., D. Tompson, D.C. Martin, and C.M. Nolan.  1986B.  A survey of Campylobacter and other bacterial contaminants of pre-market chicken and retail poultry and meats, King County, Washington. Am. J. Public Health 76:401-406.

Heisig, P. and R. Tschorny.  1994.  Characterization of fluoroquinolone resistant mutants of Escherichia coli selected in vitro. Antimicrob. Agents Chemother. 38:1284-1291.

Hong, J.H. and K.C. Gross. 1998. Surface sterilization of whole tomato fruit with sodium hypochlorite influences subsequent postharvest behavior of fresh cut slices. Postharvest Biol. Technol. 13: 283-286.

Horvath, M., L. Bilitzky, and J. Huttner.  1985.  Ozone.  Elsevier, Amsterdam.

Hovde, C. J., P. R. Austin, K. A. Cloud, C. J. Williams, and C. W. Hunt.  1999.  Effect of cattle diet on Escherichia coli O157:H7 acid resistance.  Appl. Environ. Microbiol.  65:3233-3235.

Hume, M., D. Corrier, D. Nisbet, and J. DeLoach. 1996. Effect of challenge time and dosage on salmonella crop and cecal colonization in broiler chicks following treatment with a characterized competitive exclusion culture. Abstracts South. Poult.

Hugdahl, M.B., J.T. Beery and M.P. Doyle. 1988. Chemotactic behavior

of Campylobacter jejuni. Infec. Immun. 5 11536-546.

Husmann, M., A. Feddersen, A. Steitz, C. Freitag, and S. Bhakdi. 1997.  Simultaneous identification of campylobacters and prediction of quinolone resistance by comparative sequence analysis.  J. Clin. Microbiol. 35:2398-2400
Izat, A.L., M. Colberg, M.H. Adams, M.A. Reiber, and P.W. Waldroup. 1989.  Production and processing studies to reduce the incidence of salmonellae on commercial broilers.  J. Food Prot.  52:670-673.

Konkel, M.E. and W. Cieplak. 1996.  Molecular pathogenesis of Campylobacter enteritis. In: Anonymous. Plenum Press, New York, N.Y. pp. 133-147.

Kotula, A.W., G.J. Banwart, and J.A. Kinner. 1967.  Effect of postchill washing on bacterial counts of broiler chickens.  Poultry Sci.  46:1210-1216.

Kudva, I.T., S. Jelacic, P.I. Tarr, P. Youderian, and C.J. Hovde.  1999.  Biocontrol of Escherichia coli O157 with O157-specific bacteriophages.  Appl. Environ. Microbiol.  65:3767-3773.

Lillard, H. S. 1979.  Levels of chlorine and chlorine dioxide of equivalent bactericidal effect in poultry processing water.  J. Food Sci. 44:1594-1597.

Lillard, H.S. 1980.  Effect on broiler carcasses and water of treating chiller water with chlorine or chlorine dioxide.  Poultry Sci.  59:1761-1766.

Lillard, H.S. 1982.  Improved chilling systems for poultry.  Food Technol.  36:58-67.

Lillard, H.S., L.C. Blankenship, J.A. Dickens, S.E. Craven and A.D. Shackelford. 1987.  Effect of acetic acid on the microbiological quality of scalded picked and unpicked broiler carcasses.  J. Food Protect.  50:112-114.

Marks, S. and T. Roberts.  1993.  E. coli O157;H7 ranks as the forth most costly foodborne disease.  Food Rev.  16(3): 51-59.

May, K.N. 1974.  Changes in microbial numbers during final washing and chilling of commercially slaughtered broilers.  Poultry Sci.  53:1282-1285.

Mead, P.S., L. Slutsker, Vance Dietz, L.F. McCaig, J.S. Bresee, Craig Shapiro, P.M. Griffin, and R. V. Tauxe.  1999.  Food-Related Illness and Death in the United States.  Emerg. Inf. Dis.  5(5): 1-38.

Mead, G.C. and N.L. Thomas. 1973.  Factors affecting the use of chlorine in the spin-chilling of eviscerated poultry.  Br. Poult. Sci.  14:99-117.

Mead, G.C., B.W. Adams, and R.T. Parry. 1975.  The effectiveness of implant chlorination in poultry processing.  Br. Poultry Sci. 16:487-496.

Mountney, G.J. and J. O'Malley. 1965.  Acids as poultry meat preservatives.  Poultry Sci.  44:582-586.

National Advisory Committee on Microbiological Criteria for Foods.  1998.  Hazard Analysis and Critical Control Point Principles and Application Guidelines.  J. Food Prot.  61(6) 762-775.

National Research Council.  1985.  An Evaluation of the Role of Microbiological Criteria for Foods and Food Ingredients.  Food Protection Committee, National Academy of Sciences – National Research Council, Washington, D.C.

Nutritional Manipulation of the Gastrointestinal Tract Miles, R.D. 1993. ManipuIation of the microflora of the gastrointestinal tract: Natural ways to prevent colonization by pathogens. In: Biotechnology in the Feed Industry. Proc. Ninth Ann. Symp. Alltech’s Technical Publications. Nicholasville, KY, p. 133.

Neill, M. A., P. I. Tarr, D. N. Taylor, A. F. Trofa.  Escherichia coli.  In:  Hui, Y. H., J. R. Gorham, K. D. Murrell, D. O. Oliver, editors.  Foodborne disease handbook 1994.  New York:  Marcel Dekker; 1994.  pp.  169-213.

Newman, K.E. 1995. The immune system: Nature’s defense mechanism manipulating it through nutrition. In: Biotechnology in the Feed Industry. Proceedings of Alltech’s 11 th Annual Symposium. T.P Lyons and K.A. Jacques (Eds). Nottingham University Press, Loughborough, Leics. UK. 77-86.

Newman, K.E. 1994. Mannan oligosaccharides: Natural polymers with significant impact on the gastrointestinal microflora and the immune system. BiotechnoIogy in the Feed Industry. Proceedings of Alltech’s 10th Annual Symposium. T.P Lyons and K.A. Jacques (Eds). Nottingham University Press, Loughborough, Leics. UK. 167-174.

Newman, K.E., P. Spring, and K.A. Dawson. 1996. Effect of a dried CE culture (Avi-Free) on Salmonella colonization in broilers. Abstract Poult. Sci. (Submitted).

On, S.L.W.  1996.  Identification methods for campylobacters, helicobacters, and related organisms. Clin. Micr. Rev. 9:405-422.

OyarzabaI, O.A., D.E. Conner, and W.T. Blevins. 1995. Fructooligosaccharide utilization by Salmonellae and potential direct-fed microbial bacteria for poultry. J. Food Prot. 58: 1192-l 196.

Oyofo, B.A., R.E. Drolesky, J.O. Norman, H.H. Mollenhauer, R.L. Ziprin, D.E. Carrier and J.R. DeLoach. 1989. Inhibition by mannose of in vitro colonization of chicken small intestine by Salmonella phimuriztm. Poult. Sci. 68: 135 1-1356.

Piddock, L.J.  1995A.  Quinolone resistance and Campylobacter spp. J. Antimicrob. Chemother. 36:891-898.

Piddock, L.J.  1995B.  Mechanisms of resistance to fluoroquinolones: state-of-the-art 1992-1994. Drugs 49:29-35.

Pollman, D.S. 1986. Non-nutritive feed additives. What are they? Additives, flavors, enzymes and probiotics in animal feeds. Proceedings of the 22nd Annual Guelph Nutrition Conference. Universtiy of Guelph, Guelph, Ontario, Canada.

Pollman D.S., D.M. BaineIson and E.R. Peo. 1980. Effects of microbial feed additives on performance of starter and growing-finishing pigs. J. Anim. Sci. 51:577.

Price, S.B., C.-M. Cheng, C.W. Kaspar, J.C. Wright, F.J. DeGraves, T.A. Penfound, M.-P.C. Cornet, and J.W. Foster.  2000.  Role of rpoS in acid resistance and fecal shedding of Escherichia coli O157:H7.  Appl. Environ. Microbiol.  In press.

Ranken, M.D., G. Clewlow, D.H. Shrimpton, and B.J.H. Stevens. 1965.  Chlorination in poultry processing.  Br. Poult. Sci.  6:331-337.

Rasmussen, J.L., D.A. Odelson, and F.L. Macrina. 1986.  Complete nucleotide sequence of ermF, a macrolide-lincosamide-streptogramin B resistance determinant from Bacteroides fragilis.  J.Bacteriol. 168: 523-533. 

Rasmussen, M. A., W. C. Cray, T. A. Casey, and S. C. Whipp.  1993.  Rumen contents as a reservoir of enterohemorrhagic Escherichia coli.  FEMS Microbiol. Lett.  114:79-84.

Riley, L. W., R. S. Remis, S. D. Helgerson, G. B. McGee, J. G. Wells, B. R. Davis.  1983.  Hemorrhagic colitis associated with a rare Escherichia coli serotype.  N. Engl. J. Med. 308:681.

Robach, M.C. 1979.  Extension of shelf-life of fresh, whole broilers using a potassium sorbate dip.  J. Food Protect.  42:855-857.

Ruiz, J., P. Goni, F. Marco, F. Gallardo, B. Mirelis, T. Jimenez De Anta, and J. Vila. 1998. Increased resistance to quinolones in Campylobacter jejuni: a genetic analysis of gyrA gene mutations in quinolone-resistant clinical isolates.  Micorbiol. Immunol. 42:223-226.

Russell, S.M., D.C. Fletcher, J.M. Walker and J.S. Bailey. 1993.  The effect of hydrogen peroxide and sodium bicarbonate rinses on the recovery of bacteria from broiler carcasses.  Poultry Sci. 72(Sl):190.

Scheoni, J.L. and MP Doyle. 1992. Reduction of Campylobacter jejuni colonization of chicks by cecum-colonizing bacteria producing anti-C. jejuni metabolites. Appl. Environ. Microbial. 58:664-670.

Schoeni, J.L. and A.C.L. Wong. 1994. Inhibition of Campylabacter jejuni colonization in chicks by delined CE bacteria. Appl. Environ. Microbial. 60:1191-1197.
Schlech, W. F., III. P. M. Lavigne, R. A. Bortolussi, A. C. Allen, E. V. Haldane, A. J. Wort, A. W. Hightower, S. E. Johnson, S. H. King, E. S. Nicholls, and C. V. Broome.  1983.  Epidemic listeriosis:  evidence for transmission by food.  N. Engl. J. Med. 308:203-206.

Sheldon, B.W. and A.L. Brown. 1986.  Efficacy of ozone as a disinfectant for poultry carcasses and chill water.  J. Food Sci.  51:305-309.

Shere, J. A., K. J. Bartlett, and C. W. Kaspar.  1998.  Longitudinal study of Escherichia coli O157:H7 dissemination on four dairy farms in Wisconsin.  Appl. Environ. Microbiol. 64:1390-1399.

Smith, K.E., J.M. Besser, C.W. Hedberg, F.T. Leano, J.B. Bender, J.H. Wicklund, B.P. Johnson, K.A. Moore, and M.T. Osterholm.  1999.  Quinolone-resistant Campylobacter jejune infections in Minnesota, 1992-1998. New England J. Med. 340:1525-1532.

Spring, P. 1995. Competitive exclusion of Salmonella using bacterial cultures and oligosaccharides In: Biotechnology in the Feed Industry. Proceedings of Alltech’s 1 lth Annual Symposium. T.P. Lyons and K.A. Jacques (Eds). Nottingham University Press, Loughborough, Leics. UK, 383-388.

Spring, P. 1997. Effect of mannanoligosaccharide on different cecal parameters

and on cecal concentration of enteric pathogens in poultry. Dissertation.

Federal Institute of Technology, Zurich, Switzerland.

Stern, N.J., J.S. Bailey and N.A. 60x. 1996. MCE to control Campylubacter

in turkeys and broiler chickens. Abstracts South. Poult. Sci. Sot. 17:4.

Stevenson, K.E., R.A. Merkel, and H.C. Lee. 1978.  Effects of chilling rate, carcass fatness and chlorine spray on microbiological quality and case-life of beef.  J. Food Sci.  43:849-852.

Taylor, D.E. 1992. Antimicrobial Resistance of Campylobacter jejune and Campylobacter coli to Tetracycline, Chloramphenicol, and Erythromycin. In: Campylobacer jejune: Current Status and Future Trends. p. 74.

Tamblyn, K. D., D. E. Conner, and S. F. Bilgili, 1997.  Utilization of the skin attachment model to evaluate the antibacterial activity of potential carcass treatments.  Poultry Sci. 76: 1318-1323.

Tauxe, R., C. Friedman, L. Slutsker, and N. Bean. 1998. The epidemiology of produce-related foodborne outbreaks in the United States. Presented at Annu. Mtg. Inst. Food Technol., June 20-24, Atlanta, GA.(paper 48-2).

Trieber, C.A., and D.E. Taylor. 1999.  Erythromycin resistance in Campylobacter. 10th International Workshop on CHRO. Baltimore, MD.

United States Department of Agriculture Food Safety and Inspection Service.  1996.  Pathogen Reduction; Hazard Analysis and Critical Control Point (HACCP) Systems. Final Rule.  Federal Register.  61:38806-38989

Wang, G., T. Zhao, and M. P. Doyle.  1996.  Fate of enterohemorrhagic Escherichia coli O157:H7 in bovine feces.  Appl. Environ. Microbiol.  62:2567-2570.

Wiedemann, B. and P. Heisig.  1994.  Mechanisms of quinolone resistance. Infection 22:S73-S79.

Wilson, D.L., S.R.Abner, T.C. Newman, L.S. Mansfield, and J.E. Linz. 2000.  Identification of ciprofloxacin resistant Campylobacter jejuni by means of a fluorogenic PCR assay.  Antimicrobial Agents and Chemotherapy (submitted).

Yu, S., H. Ding, J. Seah, K. Wu, Y. Chang, K.S. Chang, M.F. Tam, and W. Syu.  1998.  Characterization of a phage specific to hemorrhagic Escherichia coli O157:H7 and disclosure of variations in host outer membrane protein OmpC.  J. Biomed. Sci.  5:370-382.

Zeitoun, A.A.M. and J.M. Debevere. 1992.  Decontamination with lactic acid/sodium lactate buffer in combination with modified atmosphere packaging effects on the shelf life of fresh poultry.  Int. J. Food Microbiol.  16:89-98.

Zhuang, R.Y., and L.R. Beuchat. 1997. Effectiveness of trisodium phosphate in killing Salmonella montevideo on tomatoes.  Lett. Appl. Microbiol.

Zhuang, R.Y., L.R. Beuchat, and F.J. Angulo.  1995.  Fate of Salmonella montevideo on and in raw tomatoes as affected by temperature and treatment with chlorine.  Appl. Environ. Microbiol. 61:2127-2131.

Attachment B

Enhancing Food Safety Through Control of Food-borne Disease Agents

Resources:

State

Committed Annual Input1 



Objectives2

                                             SY                      PY                        TY

____________________________________________________________________________________________________________________________________                                                                                                                                                                                                                                  
Alabama              2.0           
0.6            
2.1 
Obj. 1 Aim 1, 2, 3, 4  Obj. 2, Aim 1, 2

Arkansas             
0.5         
0.0             
0.2                    
Obj. 2, Aim 2,3

Iowa                     0.1            
0.0              
0.2                     
Obj 1, Aim 3, Obj. 2 Aim 1, 2

Kentucky           
0.1        
0.15          
0.15                  
Obj. 1, Aims 1,2, 3, 4 Obj. 2, Aim 1

Michigan          
0.5         
 0.5             
0.5                   
Obj. 1 Aim 4

Minnesota
0.1
0.2
0.2
Obj. 1 Aim 2,3 and Obj. 2 Aim. 1

Mississippi          
0.1        
0.0              
0.0                      Obj. 1 Aims 1, 2

Nebraska           
0.5         
0.2           
0.3                    
Obj. 1 Aim 1,4  Obj. 2 Aim 2

New York
0.1

0.2
0.2
Obj. 1 Aim 1, 2, 3, 4

North Carolina    
0.4         
0.2            
0.2                     
Obj. 2 Aim 1,2

South Carolina    
0.2            
0.0             
0.0         
Obj. 2 Aim 1

Tennessee
0.1
0.1
0.1
Obj. 2 Aim 1,2
Virginia              
0.3           
0.0               0.0                    
Obj. 2, Aims 1, 2

Total                    5.0 
2.15
4.15
1SY = scientist years, PY = professional years, TY = technical years

2As listed in Table 1
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Project Leaders (*), Participants, Location, Area of Specialization, and Discipline

Participants____________________State________Institution1_______________Area of Specialiazation__________Discipline_____
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Animal Science,
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Poultry Science,
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Food Science
M.G. Johnson*           
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poultry, microbiology,              
Food Science,

                                      



Poultry Science


J. Dickson*                                       
IA             
Iowa AES                       
microbiology                          
Food Science

M.C. Newman*                                  
KY           
Kentucky AES               
microbiology                               
Animal Science

John Linz*, Linda Mansfield
Robert Walker,  John Kaneene 
MI             
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meat science, food                 
Veterinary Sci.

Diez-Gonzales, F.*
MN
Minnesota AES
microbiology
Food Science






Pre-harvest Food Safety

D.L. Marshall*,                                
MS             Mississippi AES            
muscle food safety/seafoods        
Food Science

P. Curtis*, K. Keener                           NC             North Carolina AES      
poultry and egg              
Food Science,
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Fruits and vegetables 
Poultry Science




Microbiology

M.M. Brashears*, C. Weller             
NE       
Nebraska AES             
microbiology, HACCP              
Food Science

                                                                                                                                 
Food Engineering

Randy Worobo*
NY
New York AES
Food Safety
Food Science
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South Carolina AES        
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Michael Davidson
TN
Tennessee AES
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Produce, HACCP

1AES – Agriculture Experiment Station
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