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Regulator - Outbreak / adverse event inputs

• Interstate outbreaks

• Intrastate outbreaks

• Surveillance sampling programs

• Consumer complaints

• Other adverse event / risk drivers:
• International outbreaks
• Compliance data
• Import sampling
• Recalls
• Emerging issues
• Risk assessments

Photo:  www.steamit.com



Food producer - Origin of incident or “near miss” information

• Information from internal programs:
• Finished product verification data
• Environmental monitoring data
• Hygiene audit finding
• Evidence of control measure deviation or failure

• External contacts:
• Consumer and customer complaints

• Call center
• Social media
• Regulatory agencies

• Supply chain
• Food Service or retail customer
• Warehouse observation
• Ingredient supplier

• Regulatory agencies
• Enforcement action from manufacturing site or suppler audits
• Import verification of products upon import
• Outbreak investigation



What is root cause investigation? 
• Investigation to determine factors that could have 

contributed to the introduction, proliferation and 
transmission of pathogens and other hazards.

What data inform the root cause investigation? 
• Investigation of firms / farms, products and all aspects 

of the manufacturing process, including environment

• Traceback information

• Firm inspections

• Firm records and verification data

• Analysis of products, ingredients and the environment

Root cause investigation
Collecting information during outbreak / incident response
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What is root cause analysis? 
• Retrospective investigative method;

• Used to determine how the root cause/s of a trigger 
event occurred and provide information for determining 
what actions can be taken to eliminate the root cause 
and preventing a recurrence of the trigger event.

What data inform the root cause analysis? 
• Information collected during the outbreak / root cause 

investigation;

• Scientific literature;

• Expert elicitation.  

Root cause analysis
Digging for more after an outbreak
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Challenges to RCI and RCA

• Often outbreak / issue investigations are conducted 
after the outbreak / issue is over

• Issue investigations are usually retrospective

• Analytical testing is statistically limited and often 
inconclusive

• Fresh produce has short shelf lives and may not be 
available for analysis

• In multi-component or assembled products, supply 
chain is often complex
• Relationship sophistication of others in the supply chain
• Manufacturers, retailers, distributers may source from a 

variety of growers / suppliers
• Importance of traceability scope, accuracy and precision

• Many processes are complex
• Swiss cheese model

• Limited tools for analysis of some agents

• Insufficient evaluation of underlying causes
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First set of 
produce 
samples 
collected 
for testing 

Second set 
of produce 
samples 
collected 
for testing

Produce collected at 
processing facility

Water collected at 
processing facility

Multiple produce 
samples collected from 
July  7th to July 31st Environmental samples 

collected  July  29th

Outbreak of Cyclospora Infections Linked to Bagged Salad Mix
Domestically Acquired Cyclosporiasis 2020 – sampling challenges 

What are the factors 
contributing to seasonal 
produce contamination?

During 2020 outbreaks investigations no 
food samples were positive for C. 
cayetanensis. The same scenario 
repeated during the investigations 
conducted in 2021 and 2022



Accident causation – “Swiss Cheese Model”

Image: Vanderbuilt University Medical Center
Graphic & Interaction Design Services | Center for Research and Innovation in Systems Science (vumc.org)

https://www.vumc.org/criss-humanfactors/graphic-interaction-design-services


Control measures – nursery, growing

• Site risk evaluation and management

• Safety and application of pesticides

• Condition and treatment of irrigation 
water

• Safety of soil amendments

• Hygienic design and cleanliness of farm 
equipment

• Proximity to animal production

• Exclusion of wild and domestic animals

• Cleanliness of transport equipment



Factors impacting water risk
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Control measures - harvesting

• Protection and handling of primary 
and secondary packaging

• Hygienic design and cleanliness of 
harvesting equipment and tools

• Cleanliness and access to bathrooms, 
hand washing facilities

• Worker cleanliness (clothing, hand-
washing)

• Hygienic handling of fruit during 
inspection, sorting, repacking

• Cleanliness of transport equipment



Control measures – cooling and packing

• Protection and handling of primary 
and secondary packaging

• Hygienic design and cleanliness of 
cooling tunnels and storage areas

• Movement of people and materials

• Cleanliness of transport equipment

• Facility pest control



Hygienic design, cleaning and sanitation of equipment
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Control measures – storage and distribution

• Hygienic design and cleanliness of product 
and packaging facilities

• Movement of people and materials

• Cleanliness of equipment

• Hygienic practices of workers

• Inspection and cleanliness of incoming and 
outgoing transport

• Facility pest control



Control measures – retail and food service

• Cleanliness of transport vehicles

• Hygiene, zoning, and GHP at wholesale 
markets

• Hygiene, zoning and GHP at customer 
facilities

• Segregation and management of in store 
storage and display

• Sanitation and hygiene in food preparation

• Hygiene in re-packing



Challenges and limitations of testing

• Analytical methods for viruses and parasites require specialized equipment and 
expertise

• Testing of fruit in the field or cooler is statistically limited
• Only provides information on the sample evaluated.

• Can only detect a significant contamination event; not low level, sporadic contamination.

• A “robust” sampling plan (n=60) can only detect contamination in a lot in which >= 10% 
contaminated.

16



Limitations of water testing

• Presence of hygiene indicators does not 
necessarily correlate with the presence of 
pathogens
• Generic E. coli in water associated with the 

Yuma leafy green outbreak ranged from 4 - 53 
MPN / 100 mL, even thought the pathogenic 
strain was present.

• Pathogens present in sediment may not 
be recovered by water testing

• The microbiological profile of water will 
change based upon a variety of factors 
(rainfall, agitation, wild and domestic 
animals) 

17





RCA tools to assist with evaluation of ambiguity

• Go-See-Think-Do

• Brainstorming / hypothesis 
generation

• Fishbone diagram

• Is / Is not

• 5-why 
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Brainstorming to find possible causes of the problem

1. Explain the problem

Coordinator explains the problem to the group 

If possible, shares relevant historical data

2. Identify possible causes

Participants brainstorm / brainwrite the possible causes 

of the problem

3. Team decides which causes should be further 

considered 

4. Group similar causes together and organise them in 

the Cause and Effect diagram (Fishbone)

5. All participants should have an opportunity to contribute

GSTD Generic November 2013



Investigation - Hypotheses

• Contamination from air / water / soil / 
soil amendment

• Contaminated raw material

• Contamination from employee

• Harborage in the factory / equipment

• Cross contamination from adjacent 
production



Fishbone Diagram – Ag operations  

Equipment PeopleProcess

Materials Environment Management

Aging equipment

Hard to clean

Design for food 
safety

Exposure to elements

Cleaning in field

Adequacy of 
onsite food safety 
oversite

Listeria in soil

Process controls not 
designed properly

Not enough time allowed 
to execute process

Language skill

Inadequate training

Documentation gaps

No verification step

Process not validated Limited workers

Inadequate tools

Improper tools

Chemical limitations

Listeria monocytogenes 
with same WGS pattern  
associated with a clinical 

cluster of cases was 
found on various harvest 

equipment

Problem

N. Dyenson / Dole / Food Safety Summit



NRC/QS/FSM

GERARD Cédric

PENALOZA Walter

PETERZ Mats

SONI Vivek

* Factory people, contractors, temporary people, visitors

Solution

Procedures

People *
with access to 

the factory

Raw materials EquipmentEnvironment

Maintenance

Food and equipments not covered / separated during maintenance

Lack of release procedures of equipment after maintenance

No dedicated maintenance tools in the different areas

Improper cleaning 

Inadequate / Improper personal hygiene

Inadequate cleaning & sanitizing procedures (no validation of efficiency)

No dedicated cleaning tools/equipment for the different areas (brushes mops, squeezes, utensils,...)

Lack of release procedures of equipment after cleaning

Manufacturing practices 

Bad handling of reworks

Insufficient chlorination of water

Breakdowns during production process and delay in further steps (favourable for microbiological growth) 

Contamination from raw materials packaging during tipping / batching

Improper handling procedures of non conforming goods

Insufficient quality monitoring controls

Improper sampling procedures (environmental & microbiological)

Inadequate / improper pathogen monitoring

Lack of trend analysis

No or inadequate microbiological methods

Building

Leaking roof, pipes, condensation, uncleaned roof (build up of dirt on roofs)

Healthy carriers

Sick people at work

People associated with cattle, farms, fields & handling manure,etc

GMP violations (cause: 

lack of training and reinforcement)

Insufficient personal hygiene (failure of handwashing, etc.)

Sanitation practices not followed in production area

Improper traffic flow of employees in between

factories, production areas, zones (high risk to low risk)

Quality of raw materials 
 Microbiological hazards not identified

Lack of quality monitoring at suppliers

Cleaning procedures not implemented / followed
Transport

Unsuitable transport for food

Contamination from previously transported goods

Lack of/Improper cleaning of bulk transport

Damaged packaging

Tampering

Reception

Lack of visual inspection during unloading & of COA

Acceptance of non-conforming raw materials

Cleaning 
Residue build up

Validation of cleaning procedures not performed

Installation and equipment design 

Hollow bodies / dead ends

Difficult to clean areas

Configuration of the line (discharge valves too close to floor)

Product exposed to water (leaks, drips, condensation)

Product exposed to dust (air flows, filters, process air)

Maintenance

Holes, cracks etc not fixed

Dirty spare parts

Water leakages not fixed (e.g. double jacket vessels, pipes, heat exchangers, etc)

Release of equipment / line after maintenance without sanitation

Packaging material for finished product 

Use of non approved suppliers

Storage

Condensation inside silos or bulk storage

Water leakages (roof, building) in storage rooms/silos

Air filters in poor condition

Dissemination of contamination by pest

Lack of separation of non conforming raw materials

Dirty air ducts / filters

Improper pest management

Improper zoning and flows (product/people/tools/wastes/...)

Improper air flow

Gaps (holes) in roof, walls

Stagnant water on floor

Improper design, location & maintenance of drains  

(too close to production line & equipment)

Operations

Improper cleaning of production areas

Construction work during this period

Wastes not collected, separated & disposed properly

Extreme weather conditions (heavy rains, ice storms, etc.)

External 

Fertilizing farm fields with manure in surrounding areas

Location of effluent treatment close to factory

Bad handling/storage practices leading to contamination between raw materials

Water (ingredient and cleaning)

Water backflows between facilities, dead ends,...

Insufficient chlorination

Biofilms in pipes and at point of use

Excessive organic matter

Contamination of equipment during maintenance

Manufacturing process
 Inadequate process parameters

Change over in between shifts or products

Too long run times / down times

Improper rework handling

 Improper production schedules and sequences

Intermediate product storage time / temperature abuse 

People disseminating contamination 

(between plants)

Maintenance team

Cleaning crew

Pest controllers

Waste removal crew

Nearby irrigation with contaminated surface water

Slaughter house, rendering nearby the factory

Waste collectors visiting different facilities

Lack of specifications to the suppliers

Use of approved suppliers but not audited

Raw material reception procedures not in place/followed

Lack of sampling, monitoring, verification and release procedures

Improper choice of chemicals used for sanitation

Equipment transfer between facilities without sanitation and release

Quality/laboratory team

New raw materials introduced for R&D/AG trials

R&D/AG team

Procedures
People

with access to the factory

Environment Raw materials Equipment

Issue

Nestlé USA 7.23.14



5-why in root cause analysis

Water treatment was not sufficient to 
inactivate pathogens from animals in / 
adjacent to open water source

Salmonella was present in water used 
for overhead irrigation

Salmonella originated from lettuce 
used to manufacture mix

Problem:  Salmonella was recovered 
from lettuce mix

Chemical treatment delivery was not 
sufficient for pathogen inactivation

Chemical delivery system was not 
validated or verified

Why?

Why?

Why?

Why?

Why?
Corrective actions:  
• Work with chemical provider to 

validate delivery system
• Implement process to verify 

chemical delivery
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Tools used in root cause analysis

US Military (http://www.au.af.mil/au/awc/awcgate/nasa/root_cause_analysis.pdf)



Go-See Think Do Process
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Take actions

Yes

No

No*

Understand where and how the 
problem happens

Is the problem 
eliminated?

No

Yes

No

YesIs the root cause 
known?

Is there a standard?

Is the standard 
being followed?

Ensure the standard is 
followed

Implement solutions

Identify root causes

Create/update/ 
train/follow the 

standards

Yes

An issue was identified

Escalate through 
Operational Review

or initiate DMAIC project  

Continue monitoring the 
impacted measures

*If it is clear which standard is needed, create the standard and 
continue monitoring the impacted measures.

Nestle USA GSTD Generic November 2013



Outcome of RCI and RCA

• Identification of failure (s) that led to issue

• Identification of underlying factors that led to 
failure

• Information to characterize and determine 
scope of underlying factors
• Inform needed corrective / preventive actions

• Often there is no “smoking gun” found
• Need to identify all potential root causes and likely 

causal factors and implement corrective / preventive 
actions

• In many cases research or ongoing verification 
needed to identify, confirm or characterize root 
cause
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FDA – Route to prevention

Signals Outbreak

Outbreak:  What and the where
Root Cause Analysis:  How and the why

Investigation

Root 
Cause 

Analysis

How and why

Where we are going……..

Prevention

Analysis of outbreak
• Category challenge?
• Levers of prevention?

Prevention 
Strategy?

Project Management

yes

• Research
• Publications/communications
• Industry influence
• Industry training
• Compliance activities (inspections and sampling assignments)
• Regulator training
• Rule-making 
• Guidance development

Prevention Strategies

Stakeholder 
Engagement



Current Prevention Strategies

Listeria monocytogenes in imported Enoki and Wood Ear Mushroom

Salmonella in Bulb Onions

Enteric viruses in Berries

Cronobacter sakazakii in Powdered Infant Formula

Listeria monocytogenes in Queso Fresco Cheese

Enteric pathogens in Sprouts (in development)

Salmonella in flour (frozen pizza, cookie dough) (in development)

Listeria monocytogenes in Ice Cream (in development)



Development and Implementation of Best Management Practices

An activity from the prevention strategy involving bulb onions:

• The FDA provided technical support in updating and 
implementing the IFPA/National Onion Association led - 2010 
Food Safety, Bulb Onion Best Management and Practices 
Guidance Document for domestic and international bulb onion 
growers and shippers

• The FDA continues to contribute to the socialization, 
promotion of the updated Bulb Onion Best Management and 
Practices Guidance across the domestic and international bulb 
onion industry to encourage adoption and implementation by 
industry members.

Industry Stakeholder Engagement: Providing Technical Assistance



Areas of focus for prevention

Enteric viruses in berries

• Communicate learnings from recent enteric 
virus outbreaks

• Identification of best practices and 
development of commodity-specific guidance
• Design and management of sanitary facilities
• Practices for handling and transfer of berries
• Worker health, including vaccination

• Research to understand the transfer, 
distribution and viability of hepatitis A in the 
farm  and processing environment

• Research to identify relevant treatments for 
control of enteric virus in agricultural and 
process water, and sanitation processes. 
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