FY 2013 Annual Report for National Program 108 Food Safety


Executive Summary 

Food Safety falls under Goal 4 of the Agency Strategic Plan:  Enhance Protection and Safety of the Nation’s Agriculture and Food Supply.  For the Nation to have safe and affordable food, the food system must be protected at each step from production to consumption.  The production and distribution system for food in the United States encompasses a diverse, extensive, and easily accessible system that is open to the introduction of pathogens (bacteria, viruses and parasites), bacterial toxins, fungal toxins (mycotoxins), and chemical contaminants through natural processes, global commerce, and intentional means.  In response to these threats, crop and livestock production systems must be protected during production, processing, and preparation from pathogens, toxins, and chemicals that cause disease in humans. 

To ensure the security of production systems, Agricultural Research Service (ARS) conducts basic, applied, and developmental research resulting in new technologies, new and improved management practices, pest management strategies, sustainable production systems, and methods of controlling potential contaminants.  These ARS activities are key to providing a safe, plentiful, diverse, and affordable supply of food, fiber, and other agricultural products.

Mission Statement
To provide through research, the means to ensure that the food supply is safe for consumers and that food and feed meet foreign and domestic regulatory requirements.  Research seeks ways to assess, control or eliminate potentially harmful food contaminants, including both introduced and naturally occurring pathogenic bacteria, viruses and parasites, toxins and non-biological-based chemical contaminants, mycotoxins and plant toxins.  Food safety is a global issue; thus, the Program involves both national and international collaborations through formal and informal partnerships.  Accomplishments and outcomes are utilized in national and international strategies delivering research results to regulatory agencies, commodity organizations, industry and consumers for implementation. 

Vision Statement
To increase public health through the development of technologies which protect food from pathogens, toxins, and chemical contaminants during production, processing, and preparation thus increasing the safety of the food supply.  

There is one research Component and six Problem Statements in the current Action Plan for the Program.

Research Areas

Component 1. Foodborne Contaminants

Problems Statements

1.A Population Systems 
· This area identifies and characterizes the movement, structure, and dynamics of populations throughout food production, processing and storage; hence the entire safety continuum.  Major components of emphasis and interaction include epidemiology, ecology, host-pathogen relationships.  

Anticipated products
· Epidemiologic studies will provide a scientific approach for population-based studies on new detection methods and interventions, to design and evaluate risk factors for potential control or intervention strategies, and a framework to integrate genomic data with disease in populations. 
· Ecologic studies will determine the attributes and changes in the ecological communities in order to understand the transmission and dissemination of pathogens and toxins in and among food producing animals and crops, and the interactions and relationships within the population community. 
· Host-pathogen relationship studies will provide an understanding of the acquisition of genetic traits, such as the development and movement of resistance genes; traits connected with colonization and evolution of virulence; the role of protozoa in harboring or transmitting bacterial foodborne pathogens (Trojan horse concept); and the role of commensals.

1.B. Systems Biology
· The concept of systems biology involves a unique integrative approach to understand the basic genetic components of pathogens, their expression, and directly relate this information to the microorganism’s biology. 

Anticipated products
· This approach provides a unique opportunity to understand the basic genetic components of pathogens, their expression, and directly relate this information to the microorganism’s biology.  
· While the tools for gene expression studies are available, there needs to be an increased focus on understanding how the studies will be performed and interpreted, and how they can be used to promote food safety.  
· Establish a metagenomics approach to selected research areas which will for example, allow determination of metabolic contributions to risk. 





1.C. Technologies for the Detection and Characterization of Contaminants
· Challenges arise from either uncontrolled microbes entering through raw materials, contamination during processing, or from undesired chemical contaminants including chemical residues, and bacterial, fungal and plant toxins.  [Sensitive and specific] detection technologies are required at the earliest possible stage in the food chain, thus avoiding/preventing the need for processing interventions, or possible recall.

Anticipated products
· Promising technologies will be advanced.  Technology transfer has to be done quickly, and where possible, and appropriate, will undergo validation through national or international bodies (FERN, Codex). 
· Research that offers minimal outcome or impact will be terminated, and alternate approaches formulated.  For example, detection methods related to serotyping and subtyping pathogens are useful; however, stronger emphasis must be placed on methods for more effective identification. 
· Development of technologies must yield method(s) that are faster and yield improved resolution. 
· In developing technologies decisions cannot be made in isolation.  There needs to be an integration of biology, epidemiology and the physical sciences systems. 

1.D. Intervention and Control Strategies
· To ensure safe food and protect public health, intervention and control strategies must be identified, implemented, and then measured as to their impact on the reduction and control of food-borne pathogens or other zoonotic organisms, and chemical contaminants. This approach incorporates strategies in both pre- and post-harvest systems as the science dictates, to produce a complementary and efficient approach for food safety. 

Anticipated products
· Intervention strategies will be developed to eliminate and/or control microorganisms in animals and their derived products, seafood and plant production, processing and storage systems. An underlying assumption is that production control interventions reduce downstream contamination which subsequently reduces disease risk. 
· Efforts will focus on developing environmentally compatible technologies.
· Strategies will be developed for operations of all sizes (large to very small).
· Pathogens may develop resistance to some interventions; thus, efforts should focus on development of combinations of new or innovative intervention technologies for (minimal) processing. 
· Interventions will be developed based on an understanding of their modes of action and effects on the microbial ecology of a food product, since inadequate suppression of spoilage could create an opportunity for human pathogen growth and toxin production

1.E Predictive Microbiology
· The behavior of any microorganism is deterministic and able to be predicted from knowledge of the microorganism itself, and the microorganism’s immediate environment. Behavioral predictions are an integral part of microbial risk assessment used to support food safety measures. 

Anticipated products
· The ARS Food Safety Program does not develop or conduct risk assessments (RA), where RA is defined as the determination of a quantitative or qualitative value of risk related to a specific situation and a recognized hazard. 
· The Program conducts research and provides data when requested by our regulatory stakeholders (FSIS, FDA) for their use in conducting risk assessments.
· Collaborations with regulatory and public health agencies will be strengthened regarding research for RA development efforts, so as to effectively utilize the inherent ARS expertise and modeling mechanisms. 
· Methods used to identify data gaps will be described and integrated into the research project. 
· Data acquisition will be an ambitious interdisciplinary research challenge that will eventually translate into improved public health. 

1.F. Chemical and Biological Contaminants: Methodology, Toxicology and Toxinology
· The regulation and control of veterinary drugs, residues, heavy metals, persistent organic pollutants, and biological toxins derived from bacteria, fungi and plants are an integral component of any food safety program to protect human health and the environment. 

Anticipated products
· The successful implementation of technologies developed and validated through research is the major goal. 
· These technologies provide tangible benefits through a more effective and efficient means of monitoring the food supply, and environment where food is grown. Better methods assist researchers conducting toxico/ toxinological studies.
· Toxico/toxinological studies provide basic and applied knowledge on the effect of exposure to biological toxins. 


Selected Accomplishments for Agency Documents  (2013)

Shell eggs pasteurized using innovative RF process.  Pasteurization of all shell eggs in the U.S. would reduce Salmonella illnesses by approximately 110,000 annually, yet only about 1 percent of eggs are currently pasteurized because the process is costly and damages the egg white appearance.  ARS researchers, at Wyndmoor, Pennsylvania, developed a radio frequency (RF) energy process that eliminates 99.999 percent of Salmonella that may be present in eggs.  The RF process is significantly faster than the current pasteurization process, by more than 50 percent, and the egg whites look perfect.  ARS filed for patent protection and several companies have expressed interest in licensing the technology.  RF pasteurization substantially reduces the threat of illness from uncooked and undercooked shell eggs, allowing consumers to enjoy their favorite recipes and styles.  

Screening method for fluoroquinolone residues.  Fluoroquinolone antibiotics are used to treat humans and they are often the last defense against antibiotic-resistant microorganisms.  The use of the drugs in veterinary medicine is of particular concern in regulatory monitoring programs worldwide.  Current screening tests using microbial inhibition for antibiotics do not respond well to fluoroquinolones, and a new screening method is needed for these drugs.  ARS researchers at Wyndmoor, Pennsylvania, developed a novel application of dispersive liquid-liquid microextraction followed by terbium-sensitized luminescence for screening the approved fluoroquinolones, enrofloxacin (ENRO) and its metabolite ciprofloxacin (CIPRO), in swine liver (the regulatory target tissue).  The approach met the US-tolerance detection level of 500ng/g and was demonstrated in analyses of spiked samples.  Adoption of this method by regulatory and industry monitoring labs in the U.S. and worldwide to screen for these important drugs will ensure proper veterinary practices and reduce the chances of transfer of antibiotic microbial resistance.  

Antibiotic treatment of cattle in feedlots does no increase prevalence of antibiotic-resistant E. coli.  Some classes of antibiotics are critically important to human medicine and are prescribed for the treatment of serious E. coli and Salmonella infections.  Concerns have been raised that therapeutic treatment of feedlot cattle with antibiotics in the same classes as those used for humans increases the prevalence of resistant E. coli.  ARS scientists at Clay Center, Nebraska, sampled a feedlot cattle herd over a 10 month period including fecal samples before, during and after antibiotic treatment for disease.  A baseline, low level of antibiotic resistant E. coli was detected in cattle upon arrival at the feedlot, antibiotic resistance temporarily increased after antibiotic treatment, and resistance levels returned to baseline levels after several weeks.  Genetic analysis of 312 resistant E. coli isolates obtained from this study demonstrated that the baseline level of resistant E. coli in this cattle herd was more likely due to the persistence of a few feedlot-adapted resistant E. coli strains rather than the transfer of the genes conferring resistance between E. coli strains.  These results indicate that antibiotic treatment of disease in cattle feedlots does not increase the prevalence of antibiotic-resistant E. coli in those cattle when they are harvested. 

Irrigation management strongly affects arsenic and cadmium accumulation in rice grain. Changing concepts of dietary arsenic risk to humans threatens the safety of U.S. rice, the only grain which accumulates substantial levels of arsenic.  Flooding rice soils causes arsenite to be generated from soil arsenate; soil arsenite can be accumulated by rice, as can dimethylarsinic acid, a less toxic organic form of arsenic generated by soil microbes.  ARS scientists from Beltsville, Maryland, in collaboration with the University of Arizona measured levels of arsenic and cadmium in grains with six different irrigation schemes.  Rice grown with traditional flooding contained highest arsenic and lowest cadmium levels.  Any soil oxidation promoted cadmium accumulation, while making the soil nearly fully aerobic was required to reach minimal arsenic concentrations in grain.  Three tested cultivars varied in arsenic accumulation but had similar change with irrigation management. The study concluded that growing rice aerobically rather than by traditional flood culture can substantially lower grain arsenic and yield substantially, and increases grain cadmium.  The results provide growers and the FDA with information which may be needed to meet market arsenic limits. 

Growth inhibition of environmental protozoa extends the survival of E. coli O157:H7.  On-site control of E. coli O157:H7 is essential to prevent contamination of produce grown in proximity to feedlots and dairies.  ARS researchers at Albany, California, observed that monensin, a commonly used feed supplement, inhibits certain protozoa, thereby extending the survival of E. coli O157:H7 in dairy wastewater.  This antibiotic feed supplement also altered the community structure of both protozoa and bacteria in wastewater.  These data suggest prudent use of antibiotic dietary supplements is warranted as such treatment enhances the persistence of E. coli O157:H7 in the agricultural environment.  The findings identify for industry and public health agencies, a risk factor in the contamination of produce in areas where animal and crop production are geographically intertwined.  

Portable method for identifying harmful bacteria from food.  Rapid detection of harmful bacteria in food is necessary to prevent foodborne illness and safeguard public health.  The BARDOT sensor technology developed by ARS-funded researchers at Purdue University’s Center for Food Safety Engineering (CFSE) in West Lafayette, Indiana, is easy to use and allows for rapid identification of bacteria.  A new portable BARDOT instrument was developed by CFSE scientists and was evaluated by ARS scientists at Wyndmoor, Pennsylvania.  The system is able to identify known pathogenic bacteria, including pathogenic E.coli, Salmonella, and Listeria monocytogenes.  The pathogen identification capabilities coupled with the portability of this new BARDOT instrument has tremendous potential for improving the response to foodborne illness outbreaks because the method can travel to the source thereby reducing the time to detection.  The utility of the BARDOT system was demonstrated by its ability to detect Salmonella in peanut butter within 24 hours with an accuracy of 98%.  This is comparable to the current USDA-FSIS method, which requires about 72 hours.  The patented BARDOT system is licensed and available for use worldwide. 

Point-scan Raman imaging-based detection of food contaminants.  Incidents in recent years of profit-driven adulteration of milk and wheat ingredients subsequently used to make dairy products and pet foods have highlighted the need for non-destructive methods to screen food ingredients for contaminants that can pose significant food safety hazards.  A Raman chemical imaging system and method were developed by ARS scientists at Beltsville, Maryland, for detecting multiple adulterants in dry skim milk powder.  Spectral image processing methods were developed to remove interference from background fluorescence, and to create Raman chemical images visualizing the distribution of the different adulterants in the milk powder using unique Raman peaks of the adulterants.  A correlation was found between adulterant concentration and the number of adulterant pixels identified in the images, demonstrating the utility of this method for regulatory and industry use in the quantitative analysis of adulterants in milk powder.  A U.S. patent 8,467,052 (“System and Methods for Detecting Contaminants in a Sample”) was granted in May 2013. 

USDA Integrated Pathogen Modeling Program (IPMP 2013).  Predictive microbiology is an area of research that applies mathematical models to predict the growth and survival of foodborne pathogens undergoing complex environmental changes.  Predictive models are the building blocks for microbial food safety risk assessments.  ARS researchers at Wyndmoor, Pennsylvania, developed an easy-to-use integrated data analysis and model development tool that can be used by students and scientists, without any programming knowledge, to develop accurate mathematical models for microbial shelf-life prediction and risk assessments conducted by regulatory agencies and industry.  The program can also be used in colleges and universities to train students for predictive microbiology research.  This software package is offered as a free tool to scientists and risk modelers around the world and can be downloaded from http://www.ars.usda.gov/Main/docs.htm?docid=23355. 

Transmission of Clostridium difficile.  Clostridium difficile is a bacterium that causes disease and death in humans.  Historically, the infection was acquired nosocomially (during hospital stays), but more virulent strains that are transmissible outside of hospital environments have recently emerged.  Although the origin of the new strains is unknown, some speculate they could have come from animals or meat.  ARS scientists at College Station, Texas, working with Texas A&M University researchers established the distribution and antimicrobial resistance characteristics of C. difficile in human wastewater and swine feces from populations of humans and swine having close geographical and occupational contact with each other.  The work established that C. difficile isolated from swine sources had less antimicrobial resistance than those isolated from human sources and that resistance in C. difficile isolated from sources of human swine workers was no different than from non-swine workers.  This is important for regulatory agencies, industry and producers, because it provides strong evidence that C. difficile is not transferred from swine to humans, and that swine are not the source of C. difficile antibiotic resistance in humans. 

Safety of dressings and related products.  For shelf stable (room temperature) acidified food products that are not thermally processed, there is a need to define processing options that will assure that pathogens are removed, to address industry concerns, and to meet FDA process filing requirements.  More importantly any methods must meet new FSMA requirements for producers of dressings and related products where they must demonstrate a 5-log reduction in bacterial pathogens.  Data are required relative to the time, temperature, salt, and acid concentrations needed to achieve a five log reduction in vegetative bacterial pathogens remains unknown.  ARS researchers at Raleigh, North Carolina, developed acid and pH processing conditions that are based on the concentration of acetic acid and benzoic acid.  Studies showed that benzoic acid can be used to significantly accelerate acid killing of vegetative bacterial pathogens, and helps establish a scientific basis for using preservative to meet food safety requirement.  This research when implemented shows industry how a 5-log reduction can be achieved using common ingredients in a variety of products, preventing the need for extensive testing of many different products. 

Reducing Salmonella shedding in swine.  Gastrointestinal microbiota influences Salmonella shedding in pigs.  Salmonella causes the most bacterial foodborne disease and death in the United States.  ARS researchers at the National Animal Disease Center in Ames, Iowa, examined the influence of the bacteria residing in the intestinal tract of pigs (gastrointestinal (GI) microbiota) on Salmonella shedding.  The results of the study indicate that during swine production, the gastrointestinal microbiota could be influenced by sub-clinical Salmonella infections with potential impacts on animal health, growth performance and production profits. Furthermore, the research results have identified promising approaches to reduce Salmonella fecal shedding which will improve food safety because Salmonella-carrier pigs can contaminate the environment at numerous points along the farm-to-fork.  
Bacterial viruses (bacteriophages) reduce mortality of larval shellfish.  Shellfish hatcheries in the U.S. have experienced high larval mortalities due to Vibrio tubiashii, a bacterium that is highly infectious to larvae.  ARS researchers at Dover, Delaware, identified bacteriophages that kill V. tubiashii.  A CRADA was established with Intralytix, an industry leader in developing bacteriophage-based intervention treatments, for commercialization.  Collaborations showed that a mixture of several bacteriophages was 95% effective in eliminating larval mortalities in East Coast oyster larvae.  Adoption and application of these bacteriophages by industry in shellfish hatcheries should reduce mortalities significantly and lead to less interruption in the supply of seed oysters and clams for commercial planting operations.  

Inability of presently used laboratory methods to isolate Salmonella.  The isolation and characterization of Salmonella from poultry feed is a very difficult task.  Indeed an expert international consensus on the most appropriate sampling method for determining the Salmonella status of poultry feed has never been reached.  There are inherent weaknesses in many frequently used methods.  ARS scientists at Athens, Georgia, have now shown that after overnight incubation in commonly used pre-enrichment media, mixed feeds and feed ingredients can reach a low pH of 3.8 to 5.0 that may kill or injure Salmonella in the first step of the analysis.  The percentage of injury and death for four different Salmonella serovars were determined at these low pHs.  At pH 4 after 6 and 24 hour exposure, the percentage of death for the diverse range of serovars was between 90.7 and 99.9 percent.  Acid injury and subsequent death of Salmonella thereby produces many false negative analyses in the examination of commercial feed. Monitoring laboratories worldwide are presently unaware of this acidic nature of the pre-enrichment step leading to death and injury of naturally occurring Salmonella.  It will be prudent for ARS to convey this finding, whose impact will be a complete reevaluation of methods to isolate and characterize the Salmonella pathogen.

Immunoassay-based method for the multi-contaminant detection of pollutants in fish.  Rapid screening assays for chemical contamination of food products are in high demand by government agencies.  ARS scientists in Fargo, North Dakota, in collaboration with RIKILT- Institute of Food Safety, Netherlands developed an immunological assay method capable of simultaneously determining three of the most common types of environmental contaminants that are of major food safety concern; i.e. polychlorinated biphenyls, polybrominated diphenyl ethers, and polycyclic aromatic hydrocarbons.  The method was successfully tested on fish fillets consisting of different fat contents with sensitivities capable of meeting regulatory limits.  The new platform, which is more compact and affordable than the current instrumental method, works well for multiplex measurements of priority pollutants in food samples.  Adoption of this method by regulatory and industry monitoring labs in the US and worldwide to screen for these important contaminants, will increase the safety of the food supply. 

Salmonella antimicrobial resistance to clinically important antimicrobials.  Antimicrobial treatment is typically not required to treat Salmonella infections.  However, when indicated, cephalosporins are the drugs of choice.  Antimicrobial susceptibility of Salmonella is monitored by the U.S. National Antimicrobial Resistance Monitoring System (NARMS) and The Canadian Integrated Program for Antimicrobial Resistance Surveillance (CIPARS).  Bacteria evade killing by cephalosporins through the use of internal enzymes called beta-lactamases.  Three main groups of beta-lactamases among Salmonella are the cephamycinases (CMY), the carbapenemases and the extended spectrum beta-lactamases (ESBLs).  In North America the CMY beta-lactames are the most prevalent.  In this study, we determined the susceptibility to cephalosporins of 5,045 non-Typhi Salmonella enterica isolated from food animals,
retail meats and humans.  In the United States, 4.6% of isolates collected from humans, 15.6% from retail meats, and 10.6% from food animals displayed decreased susceptibility to cephalosporins (DSC).  Among the Canadian retail meat and food animal isolates,13.0% and 9.4%, respectively displayed DSC.  At least one beta-lactamase gene was detected in 67.9% of the isolates collected from humans and bla(CMY) genes were most prevalent  at 63.3%. Similarly, bla(CMY) genes predominated among the beta-lactamase-producing isolates collected from retail meats and food animals.  ESBLs were found among three isolates originating from children who had been adopted from outside of North America.  The overlap of bla(CMY) genes from the same type of Salmonella in food animals and humans suggests that food
animals are reservoirs for the bacteria.  Continued surveillance is needed to monitor the emergence of beta-lactamase resistant bacteria as well as to implement mitigation strategies. 

A cost effective Intergenic Sequence Ribotyping (ISR) Assay for Salmonella.  ARS scientists at Athens, Georgia, identified a short region of the Salmonella genome that contains hundreds of variations can be sequenced and used to accurately assign serotype.  The new ISR method is as specific and sensitive as traditional serotyping methods and is more effective for detecting mixtures of serotypes in culture.  The ISR method reduces serotyping costs by 80% compared to traditional methods, allowing a more thorough exploration of the on-farm epidemiology of Salmonella by processing larger sample numbers. 

Identification of a link between toxin type and Fusarium head blight severity.  Fusarium head blight is caused by species of the fungus Fusarium which produce trichothecene mycotoxins.  In food animals, ingestion of contaminated grain can cause diarrhea, hemorrhaging, and feed refusal.  In humans the clinical condition causes alimentary toxic aleukia and a host of symptoms related to organ, skin, and airway damage/destruction.  ARS scientists at Peoria, Illinois, found that the type of trichothecene produced by the fungus may also be a factor in the severity of the disease.  Although North American Fusarium usually produces the trichothecene 15-ADON, strains that produce a related toxin, 3-ADON, have been increasingly found in North America. In collaboration with scientists at Agriculture and Agri-Food Canada, Ottawa, Ontario, ARS found that wheat cultivars with moderate disease resistance had both more disease and higher toxin levels in the seed after infection with 3-ADON strains.  Wheat growers can use this information to plant more highly resistant cultivars in regions where 3-ADON-producing Fusarium strains thus increasing the safety of the grain food supply. 
