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Glossary 
Contributing factors: These are determinants that directly or indirectly cause an outbreak. A contributing 

factor can be biological, behavioral, or attitudinal; or an element of the physical or social environ-
ment; or the result of policies related to the problem. Examples include retort, pasteurization, or 
cooking temperatures that do not destroy or reduce pathogens, poor personal hygiene of food work-
ers, or cross-contamination. Contributing factors are what happened to cause a foodborne outbreak. 

Critical control point (CCP): A step at which control can be applied and is essential to prevent or elimi-
nate a food safety hazard or reduce it to an acceptable level. 

Critical limit (CL): A criterion that separates acceptability from unacceptability. 

Environmental antecedents: These are supporting factors for the contamination, survival, or increase of 
biological or chemical agents in food. They may be related to people, equipment, food process, food 
type, economics, or other circumstances. In other words, antecedents are the reason why the contrib-
uting factors occur. Antecedents are sometimes referred to as root causes of foodborne outbreaks. 

Environmental investigation: It is a generic term used to refer to all aspects of the environmental compo-
nent of a foodborne illness outbreak (FBIO) response. It encompasses the environmental assessment 
and/or traceback activities. 

Foodborne illness outbreak (FBIO) environmental assessment (EA): The systems-based component of an 
FBIO response that fully describes how the environment contributed to the introduction and/or trans-
mission of agents that cause illness or could cause illness. Environment is everything external to the 
host, including air, food, water, animals, plants, climate, etc., as well as people and the social and 
built environments. All aspects of the external environment can be listed as variables that, in relation 
to transmission, are neutral, conducive, or protective. From this description, contributing factors and 
environmental antecedents to an outbreak can be determined. 

Hazard analysis critical control point (HACCP) plan: A document prepared in accordance with the princi-
ples of HACCP to ensure control of hazards that are significant for food safety in the segment of the 
food chain under consideration. 

Traceback investigation: An investigation activity that is conducted to support the epidemiological inves-
tigation in determining the likely food vehicle and/or the location of the food contamination, such as 
the point of final service, production, food source, etc. 
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Introduction 
For decades, public health and food regulatory 
agencies have been investigating foodborne ill-
ness outbreaks (FBIOs) to identify and 
understand their etiology. There are three critical 
components of an outbreak investigation: epi-
demiological, laboratory, and environmental. 
The epidemiological and laboratory investiga-
tions have typically focused on identifying the 
pattern of illness, the pathogen, and the food 
associated with the outbreak. There are accepted 
epidemiological and laboratory procedures and 
methods for conducting these components of 
FBIO investigations. Some organizations have 
compiled and published the findings from these 
investigations. Data from these reports are some-
times used to measure the burden of foodborne 
disease within a population, to characterize the 
agents involved, and to suggest food safety pri-
orities. The epidemiological and laboratory 
components of a foodborne outbreak investiga-
tion are discussed in more detail elsewhere 
within this encyclopedia. 

Investigations of FBIOs are historically con-
ducted by local and state/provincial public 
health agencies. FBIO response requires a mul-
tidisciplinary approach involving laboratorians, 
epidemiologists/communicable disease control 
authorities, and environmental health/food regu-
latory personnel. This multidisciplinary team’s 
focus is to: 

•	 stop an outbreak quickly if it is ongoing; 
•	 understand what happened to cause the 

outbreak (i.e., contributing factors); 
•	 implement immediate measures to pre-

vent the ongoing contamination of food; 
•	 understand why the outbreak occurred 

(i.e., environmental antecedents); 
•	 implement long-term measures to pre-

vent future outbreaks in the 
establishment; and 

•	 use the information from the outbreak 
investigation to inform public policy on 
preventing future outbreaks. 

The team may include – in addition to epidemi-
ologists, clinical and environmental 
laboratorians, and environmental public health 
professionals – microbiologists, food technolo-
gists, engineers, hydrologists, geologists, 
veterinarians, and others, as outbreak circum-
stances warrant. 

Detection of FBIOs is accomplished through 
laboratory-based surveillance for reportable dis-
eases and through consumer complaint follow-
ups. In the USA, more FBIOs are identified 
through consumer complaints than through la-
boratory surveillance. In either instance, once an 
outbreak has been detected, epidemiological in-
vestigations with laboratory support are 
conducted to verify that an outbreak has oc-
curred and to determine the outbreak agent and 
vehicle. Other investigation activities, such as 
environmental or traceback investigations or 
other environmental activities, may follow. 

Environmental assessments (root cause analysis) 
determine the contributing factors and environ-
mental antecedents that led to the outbreak 
and/or to support the epidemiological investiga-
tion as needed. Traceback investigations support 
the epidemiological investigation when the 
source of contamination, such as the point of 
final service, production, etc., has not been de-
termined or when there is a need to assist 
epidemiologists in determining the likely vehi-
cle. Traceback investigations may follow the 
vehicle back through the farm-to-fork continuum 
to determine the source of contamination; when 
the food vehicle has not been identified; such 
investigations involve detailed food ingredient 
menu item reviews at the point of final service. 

Other activities, such as regulatory/enforcement 
actions, can involve recalls, public alerts, and 
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legal actions when indicated. Preven-
tion/research activities may be initiated on the 
basis of investigation findings to permit a further 
understanding of the agent, the mode of trans-
mission, and contributing factors, as well as to 
permit identification of ways to prevent similar 
outbreaks from occurring in the future. Research 
addressing data gaps may also be conducted by 
industry, academia, and government agencies. 

FBIO Environmental 

Investigations 
The processes and or methods of all aspects of a 
foodborne outbreak investigation have evolved 
over decades. A routine inspection using the cur-
rent regulations as a guide provided the first 
approach to FBIO environmental investigations. 
This often produced a list of violations of the 
regulations, but often missed the true causes. 
During the late 1970s and early 1980s, published 
articles by Dr. Frank Bryan and others called for 
a focus on the factors that caused outbreaks ra-
ther than regulation violations during FBIO 
environmental investigations. In more recent 
years, hazard analysis critical control point 
(HACCP) principles, such as identifying haz-
ards, critical limits (CLs), and critical control 
points (CCPs), are employed in FBIO environ-
mental investigations. The addition of systems 
theory as an additional tool to understand why 
outbreaks occur represents the latest step in the 
evolution of the FBIO environmental investiga-
tion process. 

Unfortunately, the FBIO environmental investi-
gation is carried out less frequently and with less 
insight than other activities during an outbreak 
investigation. In many instances, these investiga-
tions are conducted by food safety regulatory 
agencies that often conduct regulatory inspec-
tions in response to outbreaks, rather than 
making epidemiologically, laboratory data-
driven/systems-based environmental assess-

ments to identify both contributing factors and 
environmental antecedents. 

The findings from FBIO environmental investi-
gations are also less frequently compiled and 
shared. As a result, there is often a lack of data 
from the environmental component of an inves-
tigation. In addition, there are doubts regarding 
the quality of the data that are reported, as those 
data relate to actual contributing factors. An ex-
ample of such findings is the suggestion that 
improper food holding temperatures are a possi-
ble contributing factor for norovirus illness 
outbreaks. This is an unlikely relationship for an 
agent that does not reproduce outside a host cell. 
Improper food holding temperatures are a com-
mon violation in food inspection work; yet, such 
food holding temperatures are not an appropriate 
contributing factor to report in a viral FBIO. 

To identify and understand the environmental 
causes of FBIOs, an investigator must conduct a 
systems-based environmental assessment, in-
formed by available epidemiological and 
laboratory data, seeking to identify both contrib-
uting factors and their environmental 
antecedents. The FBIO environmental assess-
ments will be covered in the remainder of this 
article. Developing an understanding of FBIO 
environmental assessments requires a basic un-
derstanding of a few general systems theory 
concepts, and an understanding of the food chain 
and its corresponding systems. 

General Systems Theory 
Systems theory is not new. It was first proposed 
in the 1940s by biologist Ludwig von Ber-
talanffy. He is recognized as one of the founders 
of general systems theory. His theory has been 
applied to a number of fields and served as the 
source of inspiration for those working to under-
stand and influence complex systems. 

Some of the basic concepts Bertalanffy proposed 
are especially helpful in framing the complexity 
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of food facilities in such a way that food safety 
managers and foodborne outbreak investigators 
can become more effective in managing risk and 
understanding why outbreak events unfold, thus 
providing a basis for improved risk manage-
ment. Those concepts include: 

•	 understanding that the deep underlying 
interactions of all forces that make up a 
system is key to influencing or changing 
that system; 

•	 all systems have ‘set points’ or set out-
comes that are predetermined by the 
nature of these underlying interactions; 

•	 changes to complex systems require a 
great deal of information about the na-
ture of these underlying interactions; 
and 

•	 unless this deeper understanding is 
achieved, efforts to change the system 
will ultimately fail and the system will 
return to its ‘set point.’ 

Whether a facility food safety manager, regula-
tory inspector, or outbreak investigator, all have 
experienced either the cycle of making a food 
safety correction, only to see it occur repeatedly 
or having the same food facility involved in 
more than one or two foodborne outbreak inves-
tigations. Using Bertalanffy’s concepts can help 
move foodborne outbreak investigation and food 
safety programs away from these cycles that do 
not support food safety. 

Farm-to-Fork Continuum and 

Food Systems 
The FBIO environmental assessment occurs 
within the context of the farm-to-fork continu-
um, sometimes referred to as the food chain. The 
farm-to-fork continuum represents how food 
flows from its source through processing or 
manufacturing, distribution, and finally to the 
point of final service, which may be a retail es-
tablishment such as a restaurant or a consumer’s 

home. The source is where the food originates. It 
may include a farm where produce is grown or a 
sea where fish are harvested. Processing or 
manufacturing includes all the steps along the 
continuum that prepare the food for distribution. 
This point in the continuum may be as simple as 
washing whole produce or as complex as pas-
teurization or low-acid canning. Distribution 
includes everything from storage and warehous-
ing to repacking, reprocessing, and transporting 
to the next point in the continuum. Sometimes 
distribution involves multiple points along the 
farm-to-fork continuum. Finally, the concept of 
point of final service includes any points where 
foods are purchased and/or consumed, such as 
grocery stores, restaurants, and delis, or the 
home. 

Each point in the farm-to-fork continuum repre-
sents its own unique system (Figure 1). 
Although the systems themselves are unique, 
they all consist of the same components: 

•	 Inputs – items that enter the system. 
•	 Processes, steps, and methods to which 

the inputs are subjected. 
•	 Internal system variables – factors that 

exert positive, negative, and neutral ef-
fects on all other aspects of the system. 

•	 Outputs – immediate results of the sys-
tem. 

•	 Outcomes – what happens as a result of 
the outputs. 

•	 Feedback to that particular system on 
the basis of the outcomes (Figure 2). 

Food Systems 

Inputs and Processes 
At the source, inputs might include the weather, 
soil conditions, and the hydrology of the water-
shed as it relates to irrigation source water, type 
or breed of animal, organisms, and/or chemicals 
inherent to the product or from the environment. 
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Figure 1. Farm-to-fork continuum 

Inputs at subsequent points along the farm-to-
fork continuum will include much more than 
circumstances directly related to food safety 
such as ingredients for the final product that in-
clude organisms or chemicals that may or may 
not be harmful if consumed. They could include 
infusions of financial and human capital or other 
elements that are less obvious, such as manage-
ment structures that do not support a food safety 
culture within the establishment. 

The flow of food through such processes as stor-
ing, cooking, etc. to which inputs are subjected 
at different points along the farm-to-fork contin-
uum provides a road map for the environmental 
assessment at that particular point in the contin-
uum. It is essential to describe the related 
processes step by step, from receipt of ingredi-
ents through disposition of the final product or 
output, whether that is shipping the product to 
the next stop on the farm-to-fork continuum or 
to final service or consumption. There may be a 
few processes involved or many, depending on 
the complexity of the food product. Using the 
establishment’s HACCP plan, if there is one, 
also helps identify potential or real hazards, 
CCPs, and CLs along the way. Mapping the 
flow of food through processes is necessary for 
identification of contributing factors (Figure 3). 

This basic mapping of the flow of food through 
the establishment’s food processes is the total 
extent of many foodborne outbreak environmen-
tal assessments. However, to understand the 
environmental antecedents, the internal system 
variables must be examined. 

Internal System Variables 
Understanding internal system variables and 
especially their interactions with each other is 
important to understand how the system operates 
and why it operates the way it does. Knowledge 
of these variables and their interactions can also 
lead to an informed analysis of the degree of 
control exerted over critical food safety hazards. 
It can also explain how, in various circumstanc-
es, that degree of control may change. Although 
no system is completely safe or unsafe, properly 
managing internal system variables helps to in-
fluence the system’s outcome toward a safe 
product. 

Internal system variables include: 

• People 
• Equipment 
• Processes 
• Foods 
• Economics (Figure 2). 
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Figure 2. System Components 

These are variables currently recognized as hav-
ing the greatest influence on food safety. 
Understanding these variables and their influ-
ences helps in determining why the outbreaks 
occurred. The internal system variables and their 
potential influences on food safety are complex; 
on any given day, they may have a positive, 
negative, or neutral influence on food safety 
within a particular system in the farm-to-fork 
continuum. The environmental assessment team 
must determine the role of these variables during 
its investigation. 

The people, as an internal variable, exert the 
greatest influence on all aspects of the system at 
any point in the farm-to-fork continuum, from 
inputs through outcomes. This internal system 
variable refers to the individuals working at any 
point in the continuum and the food safety cul-
ture within which they work. The food safety 
culture at any point in the farm-to-fork continu-
um is reflected by such things as the 
owner’s/manager’s/ supervisor’s knowledge and 

commitment to food safety, the existing written 
standard operating procedures, HACCP plans 
that include monitoring, the recordkeeping and 
corrective actions, the supervision of employees, 
etc. The people variable also refers to how an 
individual is inclined to behave and how an in-
dividual interprets standard operating 
procedures. For example, some food workers are 
not inclined to view diarrhea as an illness, and 
therefore they do not report it to management. 

The internal system variable equipment refers to 
the physical layout of the facility and the equip-
ment appropriate to that point in the farm-to-fork 
continuum. To support safe food practices, the 
equipment must be properly designed and con-
structed for its intended purpose. It must be 
properly located, not only for its proper opera-
tion but also for its facilitation of the most 
efficient work flow for the processes involved. 
Proper installation also requires adequate space 
in the facility to accommodate both the equip-
ment and the work flow in the facility. In 
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Figure 3. Food flow 

addition, equipment that is not properly main-
tained can potentially exert a negative influence 
on food practices and CLs. Finally, poorly locat-
ed or maintained equipment may also influence 
workers to develop procedures independently to 
work around the problems caused, thus negative-
ly influencing CLs (Figure 4). 

The internal system variable processes refer to 
the inherent qualities of processes but not to 
such actual food processing steps as cooking, 
holding, storing, etc., as depicted in the flow of 
food at any point along the farm-to-fork contin-
uum. Although a process may be capable of 
delivering a safe end result, the inherent nature 
of the process may pose circumstances that 
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Figure 4. Physical Facility Layout 

negatively influence the safety of the system. An 
example is the complexity of the process. A pro-
cess that is highly complex may pose many risks 
for contamination or for survival or proliferation 
of the agents that cause foodborne illness. Indus-
try efforts to reduce the complexity of processes 
can be found at many points along the farm-to-
fork continuum. For example, a manufacturer or 
restaurant manager may remove steps from a 
complex process to make it as simple as possi-
ble. By changing the inherent nature of the 
process from complex to simple, a manufacturer 
or restaurant manager reduces opportunities for 
contamination or for survival or proliferation of 
agents. However, complexity of a process is 
more obvious than other examples, such as the 
influence of traditions in food processing or 
when pathogens change rendering the inherent 
properties of a process from safe to unsafe. A 
good example is the ability of Salmonella to de-
velop a protective barrier that renders low water 

activity of a process to be ineffective in reducing 
pathogens. 

The internal system variable food refers to the 
inherent qualities of food that may positively or 
negatively influence food safety. These qualities 
include pH, water activity, texture, and viscosi-
ty. For example, the texture of leafy greens 
renders them difficult to clean; the thickness of 
such a food as refried beans may require special-
ized cooling practices. 

The internal system variable economics refers to 
issues affecting the costs and profit margins at 
any point along the farm-to-fork continuum. For 
example, a restaurant may be required to change 
its menus to accommodate changes in food 
trends, and doing so can potentially affect costs 
and profit margins. Adequate profit margins may 
allow any point along the farm-to- fork continu-
um to maintain itself in a way that promotes safe 
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food practices, whereas poor profit margins may 
contribute to inadequate staffing, training, or 
maintenance of equipment, all of which can 
negatively influence food safety. 

People, equipment, processes, foods, and eco-
nomics are the internal system variables 
currently recognized as being related to food 
safety. Overtime well-conducted FBIO envi-
ronmental assessments will identify other 
important variables. 

Outputs, Outcomes, Feedback 
The last three system components along the 
farm-to-fork continuum are outputs, outcomes, 
and feedback. Outputs are represented by the 
final food item that moves from one point in the 
continuum to the next, ultimately including the 
final product that is consumed by customers. 
Outcomes include such elements as customer 
satisfaction, profit, and customer health. These 
are only a few of the outcomes of the individual 
systems represented along the farm-to-fork con-
tinuum, but they may be most closely related to 
public health. 

Outcomes spark results that are fed back into 
each system in one way or another. The feed-
back may prompt changes within an individual 
system or in the larger farm-to-fork continuum. 
For example, feedback on customer satisfaction 
may trigger a change in menu at a restaurant, or 
a change in the production of a particular food at 
manufacturing; feedback on profits may trigger 
a change in practices or processes at any point 
along the continuum. Finally, feedback from 
large foodborne outbreak events can result in 
system changes at each point in the farm-to-fork 
continuum. 

Although the individual food systems along the 
farm-to-fork continuum are unique, they are in-
terrelated. Each point affects food safety of any 
subsequent points along the continuum. A 
breakdown in food safety at any point along the 

continuum can contribute to an outbreak of 
foodborne illness (Figure 1). 

Internal System Variable Interaction 
It is important to understand all the components 
within an individual system, whether that system 
resides at the farm, the manufacturing plant, in 
the distribution, or at the point of final service. 
But it is especially important to understand the 
internal system variables, because these varia-
bles exert such strong influences on every aspect 
of the individual food system, from inputs 
through outcomes, including customer health. 
Specifically, the internal variables can pull the 
system toward a safe or an unsafe outcome – or 
sometimes, in varying degrees, toward both a 
safe and an unsafe outcome. Understanding 
these variables, and especially their interactions 
with each other, is pivotal to understanding how 
an individual system operates and why it oper-
ates the way it does. Knowledge of these 
variables and their interactions can also lead to 
an informed analysis of the degree of control 
that system managers have over food safety haz-
ards. It can also facilitate an analysis of how, in 
various circumstances, that degree of control 
may change. Properly managing the underlying 
variables helps to pull the individual system’s 
outcome toward a safe product. But it is im-
portant to understand that no individual food 
system is ever completely safe or unsafe. In-
stead, the system ‘tends’ to be safe or unsafe. A 
simple analogy can clarify this point. 

If a room’s thermostat is set at 70 F, then 70° is 
the system’s set point, the point the system will 
attempt to maintain. The heating and cooling 
mechanisms will work to keep the temperature 
at 70°. It will try to maintain this temperature in 
spite of the negative effects of some of the sys-
tem’s internal variables, such as insufficient attic 
or window insulation or improperly sealed 
doors. 
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If it is cold outside and a door is opened, the 
temperature may temporarily drop to 65°. That 
is because opening the door overwhelms the set 
point of the system. However, once the door is 
closed, the system works to regain the set point 
in spite of its internal variables’ negative influ-
ences. 

Understanding a system and how it reacts to in-
ternal variables is important. In the case of a 
room with a heating and cooling system, an open 
window will not change the thermostat setting. 
The thermostat will try to help the room regain 
its set point, which is what all systems do. It is 
important to understand that the system’s set 
point is one condition that, together with internal 
variables, is influenced by positive and negative 
factors. Successfully changing the system’s set 
point, if that is necessary, requires understanding 
these variables and their influences. 

The internal variables influence the individual 
food systems described along the farm-to-fork 
continuum. Each of these variables may have a 
positive, negative, or neutral influence on food 
safety at any given point in time, and yet the 
food system works to remain at its set point. 
However, if the negative effects of one or more 
variables overwhelm the other variables’ posi-
tive or neutral influences, the result can be 
contamination and/or survival or proliferation of 
an etiologic agent in food, to such an extent that 
an FBIO occurs. 

For one to determine contributing factors and 
environmental antecedents, the interactions of 
these variables with each other and within the 
individual food system itself must be under-
stood. Such an understanding provides the 
information required to strengthen internal sys-
tem variables and if necessary change the food 
safety system’s set points, thus reducing the op-
portunity for a similar outbreak to occur. Over 
time, data from foodborne outbreak environmen-
tal assessments can be compiled, analyzed, and 

trends determined and provided to decision 
makers to inform food safety policy develop-
ment. 

Environmental Assessment 
Environmental assessment, as a part of an FBIO 
investigation, is different from other environ-
mental/food safety inspection activities at food 
establishments. An FBIO environmental as-
sessment reconstructs past events. It is triggered 
by an outbreak of foodborne illness. It describes 
the outbreak influences of people, equipment, 
processes, food, and economics on variables that 
may have contributed to the outbreak. This as-
sessment identifies contributing factors and 
environmental antecedents to the outbreak. It is 
a forensic process that looks at clues and data to 
develop a hypothesis regarding the cause of the 
outbreak and to implement appropriate controls 
to prevent future outbreaks. 

By contrast, routine regulatory inspections in-
volve the present – what an inspector can 
observe or measure at the time of the visit and 
what violations of regulations can be cited. Rou-
tine regulatory inspections involve documenting 
current conditions at the establishment to pro-
vide snapshots of observable conditions at the 
time of the inspection. It may be risk based – 
that is, focused on risks that are most likely to 
cause foodborne illness – and it is conducted 
when specific information is not available to 
suggest that any process is out of control. This 
activity should also be based on an environmen-
tal assessment, one that is conducted in the 
present. 

A plan review/HACCP development inspection 
focuses on future operations at a facility. It iden-
tifies potential problems before they lead to a 
foodborne illness, and it identifies control points 
for preventing foodborne illness in the future. It 
allows the facility to evaluate plans and proce-
dures. This activity should also be based on an 
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environmental assessment, one that is conducted 
on the basis of expectations of the future. 

FBIO Environmental Assessment 
An FBIO environmental assessment is an in-
depth, multidisciplinary, systems-based ap-
proach to determine how the environment 
contributed to the introduction and/or transmis-
sion of the agent that caused illness. The 
environment can include everything external to 
the host, including air, food, water, animals, 
plants, climate, etc., as well as people and social 
and built environments. 

The objectives of an assessment are to identify 
contributing factors and environmental anteced-
ents, as well as to generate recommendations for 
informed interventions. Contributing factors are 
divided into three categories: 

• Contamination 
• Survival 
• Proliferation/amplification 

Contamination factors refer to how an etiologic 
agent got onto or into the food vehicle. Exam-
ples of contamination factors include a 
contaminated ingredient or bare-hand contact by 
a food handler/worker/preparer suspected to be 
infectious. 

Survival factors refer to processes or steps that 
would have eliminated or reduced an etiologic 
agent if conducted properly. Although survival 
factors primarily relate to bacterial outbreaks, 
under limited circumstances they may be appro-
priately cited in viral outbreaks as well. For 
example, although norovirus is more heat re-
sistant than most bacteria, it can be inactivated 
by cooking processes (185°F/85°C for 5 min or 
boiling for 1 min). As a result, depending on the 
cooking processes involved, citing survival of 
the agent as a contributing factor in an outbreak 
can be appropriate. Examples of survival factors 
include insufficient time and/or temperature dur-

ing cooking/heat processing or insufficient time 
and/or temperature during reheating. 

Proliferation/amplification factors identify how 
an etiologic agent was able to increase in num-
ber and/or produce toxic products before the 
vehicle’s being ingested. These factors relate 
only to bacterial outbreaks. Examples of prolif-
eration/amplification factors include improper 
cold or hot holding of foods or inadequate pro-
cessing, such as acidification, water activity, or 
fermentation. 

Environmental antecedents are directly related to 
contributing factors. They explain why the out-
break occurred and are often referred to as the 
root causes of outbreaks. For example, a worker 
who cooks food may not speak the native or 
primary language of food managers or supervi-
sors. This language barrier may limit the 
worker’s ability to understand food safety train-
ing properly, thus resulting in improper cooking 
of food. 

FBIO environmental assessments are best ac-
complished with a team approach. Team 
members will vary depending on the setting and 
the expertise needed, but the team can include 
such specialists as microbiologists, epidemiolo-
gists, water experts, environmental health 
specialists, food technologists, and veterinarians. 
The team must understand the farm-to-fork con-
tinuum, the systems that make up each point 
along the continuum, and the interrelationship 
between different points on the continuum. They 
must be able to think critically as they filter 
through information once it evolves over the 
course of the outbreak investigation, describe 
each system relevant to the outbreak event, de-
termine the most likely contributing factors and 
environmental antecedents, and provide recom-
mendations for informed interventions. 

Recommendations for informed intervention are 
based on the findings of the FBIO environmental 
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assessment. These recommendations may be 
implemented during the environmental assess-
ment in order to stop the outbreak and prevent 
the further spread of the agent, and/or they may 
result in the development of longer term strate-
gies to reduce the likelihood of future outbreaks. 
Immediate steps taken might include destroying 
food or taking steps to stop its distribution, ex-
cluding food workers who are ill, or closing the 
facility. Longer term strategies might include 
development and implementation of an HACCP 
plan or updating and implementing policies re-
garding identifying and managing food workers 
who are ill with such symptoms as diarrhea, 
vomiting, and/or fever. 

Challenges Encountered in an 

FBIO Environmental Assessment 
There are four important challenges sometimes 
encountered in the course of conducting an envi-
ronmental assessment: the ability to think 
critically; timing; distinguishing between regula-
tory violations and factors and antecedents that 
contribute to foodborne outbreaks; and the sea-
sonal nature of growing foods. 

The foodborne outbreak environmental assess-
ment is complex, requiring a high level of 
critical thinking skill among team members to 
determine the most likely contributing factors 
and environmental antecedents in an outbreak 
event. Each point along the farm-to-fork contin-
uum represents its own unique individual food 
system, but the systems are interrelated. There-
fore, an outbreak of foodborne illness that 
appears related to one part of the continuum can 
actually be the result of a food safety breakdown 
in another part of the continuum. The team must 
continuously assess an outbreak event, not only 
in terms of the immediate system under scrutiny 
but also in terms of the other systems in the 
farm-to-fork continuum. Such an assessment 
requires a continuous and iterative analysis and 
assessment of current thinking within the team 

as information is gathered and premises are re-
visited until the team is convinced that the best 
possible conclusions have been reached. Objec-
tively and continuously evaluating a hypothesis 
based on information gathered at a point in time 
during a foodborne outbreak event is one of the 
most challenging aspects of critical thinking dur-
ing an environmental assessment. Developing 
such a hypothesis requires giving equal weight 
to information that weakens a favored hypothe-
sis and information that supports it. After all, 
human nature renders it difficult to prove your-
self wrong. Therefore, evidence that conflicts 
with assumptions tends to be discounted. During 
an environmental assessment, it is human nature 
to seek information that confirms a hypothesis, 
rather than information that refutes it. There is a 
tendency to believe what is expected to be be-
lieved. Such a tendency can lead to flawed or 
inaccurate conclusions. 

Another important challenge is timing. Agencies 
may become aware of an FBIO when it is over 
or nearly over. Affected persons may no longer 
be sick, and they may have a hard time remem-
bering what they ate, thereby making it difficult 
for epidemiologists to identify the vehicle. Food 
preparation may have been days or weeks earli-
er, and management and food workers may have 
a difficult time remembering what actions they 
took. Investigators try to reconstruct what hap-
pened and why food workers acted the way they 
did, but the workers may not be able to give in-
vestigators a complete picture. Therefore, 
agencies must act quickly when they receive a 
report that an outbreak may have occurred. 

Differentiating between violations of regulations 
and variables that may have led to an outbreak 
represents another significant challenge. A food 
establishment system has its own set point at 
which some level of regulatory compliance oc-
curs on a day-to-day basis. At any point in time, 
violations of regulations may be present, but 
such violations may not result in an FBIO. An 
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FBIO is usually the result of a convergence of 
factors, and investigators must focus on deter-
mining the specific system variables that led to 
the outbreak. These variables are often associat-
ed with a regulatory requirement, but some 
variables may not be. At the same time, there 
may be multiple regulatory violations that are 
unrelated to the FBIO event. For example, 
floors, walls, and ceilings of a food establish-
ment that are in poor repair or are dirty are likely 
violations of food regulatory requirements and 
are likely to be noted during a routine inspec-
tion. However, during an environmental 
assessment, these things may be noted as part of 
a general description of the establishment, but 
they are not at all likely, for instance, to be relat-
ed to a Clostridium perfringens or a 
Staphylococcus aureus outbreak. 

Finally, the growing, harvesting, and processing 
activities for implicated commodities may have 
ceased for seasonal operations by the time an 
environmental assessment is being started. Such 
a cessation means that investigators cannot ob-
serve operations or conditions that might have 
contributed to the outbreak. 

Conclusion 
Although there have been improvements in 
FBIO investigation and reporting, the reports 
still leave many questions regarding environ-
mental causes of outbreaks. Environmental 
assessments are a critical part of the FBIO re-
sponse. Unfortunately, information from FBIO 
environmental assessments, if they are conduct-
ed, is sometimes missing or minimally supplied 
in subsequent publications on specific FBIOs or 
in outbreak surveillance systems. A compilation 
and analysis of environmental causes of FBIOs 
provides the data needed to inform public poli-
cies, procedures, and training at the point(s) 
involved along the farm-to-fork continuum; such 
a compilation also identifies research gaps and 
evaluates the impact of food safety programs in 

reducing the risks of FBIOs. All these benefits, 
however, depend on a standard method or ap-
proach to conducting an FBIO environmental 
assessment and to reporting and analyzing the 
data from FBIOs. 

In 1999, the US Centers for Disease Control and 
Prevention (CDC) began to explore using a sys-
tems approach, as described in this article, 
during FBIO environmental assessments. This 
approach was further explored by state and local 
food safety programs participating in the CDC 
Environmental Health Specialists Network and 
by the US Food and Drug Administration 
(FDA). As a result, the US FDA began conduct-
ing systems- based environmental assessments 
in 2011 during that agency’s foodborne outbreak 
responses. In 2002, the US National Park Ser-
vice Public Health Program began its 
exploration of a systems approach for its field 
assessments of foodservice establishments. The 
Park Service continues to work with this ap-
proach to determine if it can help regulators and 
food managers gain additional control over food 
safety issues. In 2013, CDC will launch an e-
learning program on how to conduct an FBIO 
environmental assessment. This training pro-
gram will be required of participants who report 
assessment data to the National Voluntary Envi-
ronmental Assessment Information System 
(NVEAIS), an expansion of the existing CDC 
FBIO reporting system. This new reporting sys-
tem is expected to help identify factors that can 
be routinely monitored to prevent or reduce the 
risk for FBIOs. By building on the foundation of 
a standard method for FBIO environmental as-
sessments, NVEAIS provides a basis for 
understanding and preventing future outbreaks, 
as opposed to simply responding to them. 

See also: Food Safety Assurance Systems: Essentials 
of Crisis Management; Investigation of Incidents in 
Industry; Root Cause Analysis of Incidents. Public 
Health Measures: Foodborne Disease Outbreak In-
vestigation; Surveillance of Foodborne Diseases 
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