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Outbreaks Associated with Produce

Presenter
Presentation Notes
This graph highlights the diversity of produce items that have been implicated in foodborne illness outbreaks where the source of the outbreak likely occurred prior to retail or consumer preparation.Ultimately, contamination can happen to any produce commodity; therefore, preventing contamination is critical for all fruit and vegetable growers. For this reason, the FSMA Produce Safety Rule does not target specific commodities, but instead, focuses on the practices which reduce risks. Read more about the FDA’s approach to produce regulation in the “Additional Resource” section below. Pie chart notes:*One outbreak of Cyclospora associated with raspberries in 1997 accounts for 1,012 illnesses, with no information on hospitalizations and deaths. ** Two outbreaks in 2004 were associated with mesclun lettuce and/or basil. *** “Other” includes one outbreak associated with each of the following commodities: celery, hazelnuts, hot peppers, pine nuts, pistachios, snow peas, and squash. The single Salmonella Saintpaul outbreak associated with hot peppers accounts for 1,535 illnesses, 308 hospitalizations, and 2 deaths. + Five outbreaks during this time period were associated with unknown produce; while no specific produce item was identified as the vehicle for these outbreaks, various produce items were found to be epidemiologically associated with illness. Other Notes:These data do not contain information on outbreaks/illnesses where the point of contamination is the retail food setting or home. These data do not include illnesses transmitted from person-to-person.Illness data represent only the number of illnesses reported to CDC, FDA, and state/local health departments in association with an outbreak. These data do not include illnesses that may have occurred but were not reported, sporadic cases of illness, and illnesses not associated with a food vehicle.Information on outbreaks/illness reported prior to 2004 has been compiled from paper records; information on outbreaks/illnesses since 2004 has been obtained from the CFSAN Outbreak Surveillance Database. The outbreaks tracked by FDA are a subset of all the outbreaks tracked by CDC. CDC also tracks outbreaks/illnesses where the point of contamination is the retail food setting or the home. Due to lags in reporting of illnesses, some differences in numerical tallies may exist between FDA and CDC data. 	Slide Reference:D'Lima, C., & Vierk, K. (2011). Memorandum to the Record. In: Produce Related Outbreaks and Illnesses. Food and Drug Administration.Merriweather, S., Cloyd, T.C. & Gubernot, D. (2015). Memorandum to the File — Produce Related Outbreaks and Illnesses 2011–2014. In: Produce Related Outbreaks and Illnesses. Food and Drug Administration.Additional Resource:FDA Factsheet. Why doesn’t this rule only target fruits and vegetables that are known to have caused outbreaks of foodborne illness?: http://www.fda.gov/downloads/Food/GuidanceRegulation/FSMA/UCM360758.pdf
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Microorganisms of Concern
in Fresh Produce

• Bacteria
– Salmonella, toxigenic E. coli, Shigella, 

Listeria monocytogenes

• Viruses
– Norovirus, Hepatitis A

• Parasites
– Giardia lamblia, Cryptosporidium 

parvum, Cyclospora cayetanensis

Presenter
Presentation Notes
To begin to understand food safety risks, growers should start with understanding what types of microorganisms can contaminate fresh produce.The biggest food safety hazards in fresh produce are pathogens. A human pathogen is a microorganism capable of causing disease or illness in humans. There are three primary groups of pathogenic microorganisms that are of concern in fresh produce: bacteria, viruses, and parasites. This slide provides a few examples of each type of microorganism plus a few names of pathogens you may recognize; however, there are many more pathogens that may cause foodborne illness outbreaks. We will cover each type in detail within the next few slides.Chemical and physical food safety hazards are much less common and typically are responsible for fewer serious health outcomes. Physical food safety risks may present choking hazards or cause someone to chip a tooth (such as from a pebble from the field in the product). Chemical food safety risks (such as improper application of pesticides) are certainly a concern, but are much less common than microbial food safety risks. Many chemical hazards are also controlled by established programs outside of the FSMA Produce Safety Rule, for example through EPA pesticide registration and application requirements. Additional Resource:FDA Bad Bug Book: http://www.fda.gov/downloads/Food/FoodSafety/FoodborneIllness/FoodborneIllnessFoodbornePathogensNaturalToxins/BadBugBook/UCM297627.pdf
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Bacteria in the Environment

• Bacteria are microorganisms that 
can multiply both inside and outside 
of a host

• Bacteria include pathogens such as E. coli O157:H7, 
Salmonella, and Listeria monocytogenes

• Bacteria can multiply rapidly given the right 
conditions: water, food, and the proper temperature

• Good Agricultural Practices can reduce risks by 
minimizing situations that support bacterial survival 
and growth

Presenter
Presentation Notes
This slide summarizes important facts about how bacteria multiply and persist in farm environments. More detailed information is provided in the next two slides, but they are optional slides. Depending on the audience, the trainer may choose to present this summary only or to use the more detailed slides that follow.Please refer to the slide notes that cover bacterial growth and optimal conditions for more information. Information on potential sources and how pathogens are spread in the farm environment will be covered later on in this module and throughout the course. 
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Bacteria

• If conditions are ideal, bacteria can 
multiply once every 20 minutes

• It is unlikely you’ll ever start with 
just ONE bacterium

• Some pathogens can make people 
sick with a dose of 10 cells or less

• What conditions are optimal?
– Food source
– Moisture
– Right temperature

20 min 2
40 min 4

1 hour 8

80 min 16

100 min            32

# of BacteriaTime

2 hours            64

4 hours           4096

6 hours         262,144

8 hours       16,777,216

Presenter
Presentation Notes
This slide is optional. Bacteria are single-celled microorganisms that can multiply in environments outside of a host organism as well as inside a host. Most can multiply very quickly, reaching high numbers in a short period of time if they are in the right environment. Examples include: E. coli O157:H7, Salmonella, Campylobacter, Listeria monocytogenes, Shigella, and more.It is unlikely that just ONE bacterial cell will be present. Where there is one, there usually are many – sometimes up into the millions! Some pathogens, such as E. coli O157:H7 can cause illness with just 10 cells ingested. Other pathogens require a much higher dose (i.e., ingesting many more cells) to cause illness.  Example outbreaks caused by pathogenic bacteria: 2006 E. coli O157:H7 outbreak in spinach: http://www.cdc.gov/mmwr/preview/mmwrhtml/mm55d926a1.htm2011 Listeria monocytogenes outbreak in cantaloupes: http://www.cdc.gov/listeria/outbreaks/cantaloupes-jensen-farms/index.html2014 Salmonella outbreak in bean sprouts: http://www.cdc.gov/salmonella/enteritidis-11-14/index.html
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Produce Safety Challenges

• Fresh produce is often consumed raw (i.e., not cooked)
• Microbial contamination on produce is extremely difficult to 

remove once present
– Natural openings, stem scars, bruises, cuts
– Rough surfaces, folds, netting

• Contamination is often sporadic
• Bacteria can multiply on produce surfaces and in fruit wounds, 

provided the right conditions are present

Presenter
Presentation Notes
Produce safety can be challenging for a number of reasons. Many fruits and vegetables are consumed raw, so there is no cooking or “kill step” to destroy pathogens that may be on the produce.Contamination events are often sporadic, affecting small portions of the crop, so knowing contamination has occurred is difficult.Microorganisms, as their name suggests, are not easily seen, so contamination is difficult to detect visually.Contamination is usually present at very low levels and difficult to detect through product testing.Rough surfaces (e.g., cantaloupes), large folded surface areas (e.g., leafy greens), and stem scars (e.g., tomatoes) provide great places for pathogens to hide, thereby making pathogens difficult to remove by any amount of washing at the farm level or in the consumer’s home. For these reasons, the focus of produce safety is on preventing contamination from occurring in the first place. Contamination is difficult to remove once present. Additional Resources:Beuchat, L.R. (2002). Difficulties in eliminating human pathogenic microorganisms on raw fruits and vegetables. In XXVI International Horticultural Congress: Horticulture, Art and Science for Life-The Colloquia Presentations, 642, 151–160.Fatemi, P., LaBorde, L.F., Patton, J., Sapers, G.M., Annous, B., & Knabel, S.J., (2006). Influence of punctures, cuts and apple surface morphologies on penetration and growth of Escherichia coli O157:H7. J Food Prot, 69(2), 267–275.



7

Contamination Sources

Produce

Humans

Animals Water

Soil

Buildings 
Equipment 

Tools

Presenter
Presentation Notes
On the farm, contamination can come from a number of sources. Do growers have these things on their farms (e.g., water, workers, soil, tools, or animals)? Of course they do—which is why every grower needs to understand food safety risks and how to reduce them on the farm.This course will cover each of these areas and the risks they may pose to the contamination of produce. The next five slides will introduce the risks associated with each of these areas.Additional Resources:Beuchat, L.R. (2002). Ecological factors influencing survival and growth of human pathogens on raw fruits and vegetables. Microb Infect, 4(4), 413–423. Park, S., Szonyi, B., Gautam, R., et al. (2012). Risk factors for microbial contamination in fruits and vegetables at the pre-harvest level: a systematic review. J Food Prot, 75(11), 2055–2081. Strawn, L.K., Fortes, E.D., Bihn, E.A., et al. (2013). Landscape and meteorological factors affecting prevalence of three food-borne pathogens in fruit and vegetable farms. Appl Environ Micro, 79(2), 588–600. 
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How Contamination Is Spread

• Humans
Workers can spread pathogens to produce because 
they directly handle fruits and vegetables. 
– Improper health and hygiene practices

• Lack of adequate training and handwashing practices
• Lack of or inadequate toilet facilities

– Illness or injury
• Working while sick
• Injuries that result in blood 

contacting fresh produce

Presenter
Presentation Notes
Humans can carry pathogens and spread them to produce, food contact surfaces, or other people while they work on the farm. Pathogens are most commonly spread, directly or indirectly, by fecal material (fecal-oral route) but they can also be spread through saliva, mucous, or other bodily fluids such as blood (blood-borne pathogens).Workers who directly contact produce through activities such as harvesting and packing have the highest potential for contaminating produce. However, others on the farm, such as visitors, office staff, and volunteers, can also contaminate produce.More details about how to reduce food safety risks associated with workers are presented in Module 2: Worker Health, Hygiene, and Training.Additional Resource:Todd, E., Greig, J.D., Bartleson, C.A., & Michaels, B.S. (2009). Outbreaks where food workers have been implicated in the spread of foodborne disease. Part 6. Transmission and survival of pathogens in the food processing and preparation environment. J Food Prot, 72(1), 202–219. 
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Hygiene Education

Presenter
Presentation Notes
Handwashing is a foundational component of any food safety program at a farm.  Everyone must wash their hands correctly, and when necessary.
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How Contamination Is Spread

• Animals
Domesticated and wild animals can carry 
and transmit human pathogens to produce. 
– Field intrusion may result in direct fecal 

contamination of crops and fields
– Animal feeding, rooting, and movement 

through fields may spread contamination
– Animals can contaminate water sources used 

for produce production
– Manure runoff can contaminate fields, water 

sources, and crops

Presenter
Presentation Notes
Both domesticated animals (e.g., cattle, chickens, pigs, family pets) and wild animals (e.g., deer, geese, wild pigs) can carry pathogens in their feces and spread contamination by tracking feces through the field as they move. Produce can be contaminated directly or indirectly by feces, through contamination of water, or cross-contamination from wildlife movement. The risks associated with animals are discussed in more detail in in Module 4: Wildlife, Domesticated Animals, and Land Use.Additional Resources:Jay, M.T., Cooley, M., Carychao, D., et al. (2007). Escherichia coli O157:H7 in Feral Swine near Spinach Fields and Cattle, Central California Coast. Emerg Infect Dis, 13(12), 1908–1911. Islam, M., Doyle, M.P., Phatak, S.C., Millner, P., & Jiang, X. (2004). Persistence of enterohemorrhagic Escherichia coli O157:H7 in soil and on leaf lettuce and parsley grown in fields treated with contaminated manure composts or irrigation water. J Food Prot, 67(7), 1365–1370. 
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Field Sanitation

Presenter
Presentation Notes
Look for animal fecal material in the field.  What does the farm feel is a safe buffer zone to not harvest?  This could change based on crop.  This picture is high risk since the cilantro is growing in the ground, close to the ground and close to the fecal material.  Rain events would cause splash.
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How Contamination Is Spread

• Water
Water can carry and spread human 
pathogens, contaminating entire 
fields or large amounts of produce. 
– Production water

• Irrigation, crop sprays, frost protection 
– Postharvest water

• Fluming, cooling, washing, waxing, cleaning
– Unexpected events

• Flooding, runoff

Presenter
Presentation Notes
Water is used in many ways on the farm—everything from irrigating to washing produce. Water is also a great vehicle for carrying and spreading human pathogens if the water becomes contaminated. Water can become contaminated at the source as well as at any point in its distribution and use. Module 5: Agricultural Water, will discuss both production and postharvest water risks and how they can be minimized.Additional Resources:Bihn, E.A., Smart, C.D., Hoepting, C.A., & Worobo, R.W. (2013). Use of Surface Water in the Production of Fresh Fruits and Vegetables: A Survey of Fresh Produce Growers and Their Water Management Practices. Food Prot Trends, 33(5), 307–314. Mootian, G., Wu, W.H., Matthews, K.R. (2009). Transfer of Escherichia coli O157:H7 from soil, water, and manure contaminated with low numbers of the pathogen to lettuce plants. J Food Prot, 72(11), 2308–2312. 
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Water Use

Presenter
Presentation Notes
Irrigation water should be tested at least once annually if from a well, or three times annually if from a surface water source.  Water should be tested for generic E. coli from a certified lab.  Results should be below 126 cfu of generic E. coli to be considered appropriate for irrigation water use.
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How Contamination Is Spread

• Soil Amendments
Raw manure and other soil amendments can be a source 
of contamination if not properly handled and applied.
– Application too close to harvest
– Improper/incomplete treatment
– Improper storage
– Runoff
– Wind spread
– Cross-contamination due to improper sanitation procedures

Presenter
Presentation Notes
Raw manure represents a significant microbial risk to fresh produce since animal manures can contain human pathogens.Manure can be a valuable resource to farms and nutrient cycling. There are ways, such as through composting or by extending the time between application of manure and harvest, to reduce food safety risks when using raw manure as a soil amendment.More details about soil amendments will be covered in Module 3: Soil Amendments.Additional resources:Jiang, X., Morgan, J., & Doyle, M.P. (2002). Fate of Escherichia coli O157:H7 in Manure-Amended Soil. Appl Envir Micro, 68(5), 2605–2609. Erickson, M.C., et al. (2014). Examination of factors for use as potential predictors of human enteric pathogen survival in soil. J Appl Micro, 116(2), 335–349. 
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How Contamination Is Spread

• Surfaces, equipment, tools, and buildings
Any unclean surface that contacts produce can harbor 
pathogens and serve as a source of contamination.
– For example, not having an established schedule for 

cleaning or sanitizing food contact surfaces, including tools
Facility management can also impact risks
– Areas outside buildings that are not kept 

mowed or clean can serve as pest harborage 
areas

– Standing water or debris present in the 
packinghouse can become a source of cross-contamination

Presenter
Presentation Notes
One way that contamination can be spread that is often overlooked is through cross-contamination from food contact surfaces, such as sorting tables, tools, and equipment. The best way to reduce risks is to keep all food contact surfaces clean and sanitized, when possible. Dedicating tools to a task will also reduce risks, such as having separate sets of tools for different jobs, such as for cleaning food contact surfaces and for cleaning bathrooms.Debris, trash, or standing water can pose risks to food contact surfaces. Keeping areas outside buildings cleaned-up (e.g., free of debris or unused equipment) and mowed will reduce pest harborage areas as well as their presence inside buildings.More details about reducing risks posed by buildings, equipment, and tools will be covered in Module 6: Postharvest Handling and Sanitation.
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Presenter
Presentation Notes
Clean off all visible debris with a brush and clean water from surfaces
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Product Contact Surfaces

Presenter
Presentation Notes
Use a detergent according to its label, scrub
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Product Contact Surfaces

Presenter
Presentation Notes
Rinse detergent off of the surface well
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Product Contact Surfaces

Presenter
Presentation Notes
Use a sanitizer labeled for food contact surfaces according to the label
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Zone 1
(direct food 

contact surface)

Zone 2
(outside surface 

of washer)

Zone 3
(floor)

Zone 4
(outside)

Packing Area Surface Zones

Presenter
Presentation Notes
By defining zones in the packinghouse, growers can target cleaning and sanitation efforts in different areas that may affect fresh produce. Zone 1 is any surface that DIRECTLY contacts fresh produce.  Zone 2 is the area immediately adjacent to Zone 1.  Zone 3 is the area adjacent to Zone 2.Zone 4 is any area that could impact the safety of produce, but may be outside the packing or produce handling environment.Each zone is described in the following slides and can help growers prioritize food safety risks and cleaning schedules for their packing area.
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Steps Towards Produce Safety

1 • Assess Produce Safety Risks

2 • Implement Practices

3 • Monitor Practices

4 • Use Corrective Actions

5 • Keep Records

Presenter
Presentation Notes
Growers need to know what risks exist on their farms before they begin. Many farms have limited resources, so identify the biggest risks and work to minimize those risks first.  Implement practices to reduce the risks identified. Practices might include training workers or composting manure before it is applied to fields. Monitor implementation to make sure practices are getting done and being completed correctly.Implement corrective actions to fix a problem identified through monitoring and prevent it from occurring again. Recordkeeping is very useful in making sure tasks are being completed and to visualize trends over time. It is also required for some provisions of the FSMA Produce Safety Rule and for many third party audits.Additional Resource:Bihn, E.A., Schermann, M.A., Wszelaki, A.L., Wall, G.L., & Amundson, S.K. (2014). Farm Food Safety Decision Trees. http://gaps.cornell.edu/educational-materials/decision-trees



Historical Rutgers Farm Food Safety Outreach
• Outreach began in 1999 because growers asked for it
• Third party audit focused
• Certificate based trainings
• Mock audit farm visits
• Food safety plan writing assistance
• Validation of sanitation practices



Buyer Required 
Third Party Audits



Food Safety 
Modernization Act



FSMA Rules

• Accredited Third-Party Certification
• Current GMP and Hazard Analysis and Risk-Based 

Preventive Controls for Human Food
• Current GMP and Hazard Analysis and Risk-Based 

Preventive Controls for Animal Food
• Foreign Supplier Verification
• Intentional Adulteration 
• Sanitary Transport of Human and Animal Food
• Standards for Growing, Harvesting, Packing, and 

Holding of Produce for Human Consumption



How does food safety help a farmer?

• Increases the quality of their produce
• Allows market access
• Identify and connect with resources including 

technical assistance
• Could increase shelf-life of produce
• Improves customer communication about production, 

harvest, handling, storage, and transportation of their 
product



Questions?
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