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Foreword

Following a recommendation by the CAST Nation-
al Concerns Committee, the CAST Board of Directors
authorized preparation of a special publication review
of the recommendations contained in the CAST re-
port Foodborne Pathogens: Risks and Conseguences
published in 1994.

Dr. Peggy M. Foegeding, Department of Food Sci-
ence, North Carolina State University, Raleigh, and
Dr. Tanya Roberts, Food and Rural Economics Divi-
sion, USDA, Economic Research Service, Washing-
ton, D.C., agreed to serve as cochairs for the report.
They also cochaired the 1994 CAST report on food-
borne pathogens. A highly qualified group of 16 addi-
tional scientists served as task forece members and
participated in the writing and review of the docu-
ment. They include individuals who represented a
variety of organizations and backgrounds including
consumers, producers, the food processing industry,
governmental agencies, academicians, private con-
sultants, epidemiologists, microbioclogists, economists,
and attorneys. They drew from their research experi-
ence, practical experience, experience in food process-
ing and preparation, experience with consumers,
Inowledge of outbreaks, on-farm and preducer expe-
rience, personal experience, experience with regula-
tions, and theoretical information.

The task force utilized conference calls to discuss
the recommendations and prepared an initial draft of
the report. They revised all subsequent drafts of the
report and reviewed the proofs. The CAST Executive
and Editorial Review committees reviewed the final
draft. The CAST staff provided editorial and structur-
al suggestions and published the report. The authors

iv

are responsible for the report’s scientific content.

On behalf of CAST, we thank the cochairs and an-
thors who gave of their time and expertise to prepare
this report as a contribution by the scientific commu-
nity to public understanding of the issue. We also
thank the employers of the scientists, who made the
time of these individuals available at no cost to CAST.
The members of CAST deserve special recognition
because the unrestricted contributions that they have
made in support of CAST also have financed the prep-
aration and publication of this report.

This report is being distributed to members of Con-
gress, the White House, the U.S. Department of Ag-
riculture, the Congressional Research Service, the
Food and Drug Administration, the Environmental
Protection Agency, the Agency for International De-
velopment, and the Office of Management and Bud-
get, and to media personnel and institutional mem-
bers of CAST. Individual members of CAST may
receive a complimentary copy upon request for a
$3.00 postage and handling fee. The report may he
reproduced in its entirety without permission. If cop-
ied in any manner, credit to the authors and to CAST
would be appreciated.

David R. Lineback
President

Richard E. Stuckey
Executive Vice President

Kayleen A. Niyo
Managing Scientific Editor
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Interpretive Summary

Introduction

In the last five years there has been a change in
the public perception of food safety, including the le-
gal responsibility and regulatory philosophy in the
United States. Information continues to be the criti-
cal food safety problem. Pathogens cannat be seen
with the naked eye, so the public cannot readily de-
tect the safety of meals, foods, ar ingredients pur-
chased anywhere along the food continuum. The abil-
ity to link human illness with foodborne pathogens
also is difficult. Thus, the majority of foodborne illness
cases are unreported. The complexity of food safety
from farm to table requires many types of scientific
expertise to design sensible public and private inter-
ventions.

The original report Foodborne Pathogens: Risks
and Consequences published by the Council for Agri-
cultural Science and Technology (CAST) in 1994 was
well-received and widely quoted. With encourage-
ment of producer organizations, governmental em-
ployees, scientists, and public interest groups, the
CAST Board of Directors authorized an update of the
15 recommendations frem the original report. The
update was completed and now contains 18 recom-
mendations.

Recommendations

The task force sirove to provide recommendations
that are specific and practical with the goal that ef-
forts involved in moving toward implementation of
these recommendations would ensure real improve-
ments in the safety of foods. Briefly stated, the recom-
mendations are as follows.

Goal Setting

1. Base food safety policy on risk assessment and
include risk management and risk communica-
tion strategies.

2. Base food safety regulations on risk assessment
and risk management.

3. Set federal food safety goals and priorities.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Research Needs

Expand food safety information database by more
complete reporting of the incidence of foodborne
disease by pathogen, by food, and by contributo-
ry factors.

Conduct continued, rigorous epidemiologic stud-
ies to assist in establishing the cause of illness
and effect of foodborne oceurrence of a particular
pathogen or toxin.

Improve and regularly update foodborne disease
estimates.

Support research on mechanisms of chronie ill-
nesses associated with foodborne pathogens.
Use dose-response modeling in the risk assess-
ment process.

Conduct research to identify likely domestic and
imported food and pathogen/toxin associations.
Encourage and support vigorous fundamental
and applied research efforts related to foodborne
pathogens.

Develop rapid, accurate detection methods for
foodborne pathogens and toxins.

Production Control

Require producers, aquaculturalists, and seafood
harvesters to adopt effective preharvest interven-
tion strategies in the interest of enhancing pub-
lic health.

Apply foodborne pathogen control practices from
food source to consumption.

Harmonize international food safety standards.

Education

Educate the general public and food handlers rel-
ative to safe food preparation and handling.
Identify high-risk populations and provide food
safety education.

Provide risk information relative to food choices
to persons with enhanced disease susceptibility.
Use and evaluate food labeling to communicate
safe food preparation and storage practices to



food preparers.

Summary

These recommendations reflect the combined ex-
pertise of the 18 individuals who served on the CAST
task force and deliberated and debated to prepare this
report during approximately the first nine months of
1998, The task force members represent a variety of
organizations and backgrounds including consumers,
producers, the food processing industry, governmen-
tal agencies, academicians, private consultants, epi-
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demioclogists, microbiclogists, economists, and attor-
neys. They drew from their research experience, prac-
tical experience, experience in food processing and
preparation, experience with consumers, knowledge
of outhreaks, on-farm and producer experience, per-
sonal experience, experience with regulations, and
theoretical information. The task force is keenly
aware that other knowledgeable individuals could
provide additional valuable recommendations. How-
ever, we offer these as a platform that we hope will
focus and stimulate efforts toward food safety im-
provements.



Introduction

The criginal report Foodborne Pathogens: Risks
and Consequences was published by the Council for
Agricultural Science and Technology (CAST) in 1984
(Council for Agricultural Science and Technology,
1994) and has been well-received and widely quoted.
The 1994 task force findings and recommendations
are reprinted in Appendix C. As a result of the re-
port’s publication, Justin R. Morris, then president of
CAST, was issued a special invitation to make a pre-
sentation regarding food safety at President Clinton’s
forum on Meeting the Challenge: Health, Safety, and
Food for America. Dr. Morris’s presentation on No-
vember 21-22, 1994 utilized the summary from the
CAST report. This CAST report summary with a few
modifications was used by the President’s National
Seience and Technology Council and was sent to the
1.8, Office of Management and Budget and to Con-
gress for consideration during debate on the farm bill
and funding for the next year’s budget.

The Institute of Food Technologists issued a com-
mendation of the report and praised its emphasis on
the need to obtain more information ahout the inci-
dence of foodborne diseases as well as the virulence of
individual pathogens.

Dr. Peggy Foegeding, cochair of the report, was
invited to testify on May 25, 1994 before the House of
Representatives’ Human Resources and Intergovern-
mental Relations Subcommittee of the Committee on
Governance Operations. She subsequently spoke at
hearings on Reinventing the Federal Food Safety Sys-
tem. On August 3, 1994, Dr. Dean O. Cliver, CAST
member and author of the 1994 CAST report, testi-
fied at U.S. Department of Agriculture, Food Safety
and Inspection Service hearings on the report’s find-
ings.

In May of 1997, CAST presented updates by sever-
al authors for President Clinton’s national food safe-
iy initiative, Food Safety from Farm to Table: A New
Strategy for the 21st Century.

In the last five years there has been a change in
the public perception of food safety, including the le-
gal responsibility and regulatory philosophy in the
United States. Information continues to be the criti-
cal food safety problem. Pathogens cannot be seen
with the naked eye, so the public cannot readily de-
tect the safety of meals, foods, or ingredients pur-
chased anywhere along the food continuum. The abil-
ity to link human illness with foodborne pathogens
also is difficult. Thus, the majority of foodborne iliness
cases are unreported. The complexity of food safety
from farm to table requires many types of scientific
expertise to design sensible public and private inter-
ventions.

At the request of producer organizations, govern-
ment, scientists, and public interest groups, the CAST
Board of Directors, given the national attention to
food safety issues, approved an update of the 1994
CAST report recommendations as a valuable contri-
bution to current food safety issues. Members of the
original task force were invited to participate and
new task force members were added.

The goal was to provide comments on the original
recommendations indicating what progress had been
made toward each recommendation, provide more de-
tail about the research recommendations, and add
new recommendations if warranted. The task force
hopes that these updated and more detailed recom-
mendations will be useful to public and private
groups setting microbial food safety research agen-
das.
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Recommendation 1": Base Food Safety Policy on Risk
Assessment

We recommend that food safety policy be based on
risk assessment, and include risk management and
risk communication strategies. Risk assessments
should use data from all sources to help draw correct
inferences from the best data sources for both acute
and chronic foodborne diseases. It is further recom-
mended that government, industry, and consumer
representatives be educated to understand the prin-
ciples and practices of risk assessment and how these
can lead to sound management policies.

Current Status

Risk assessment, risk management, and rislk com-
munication (collectively termed risk analysis) are
becoming widely accepted in food safety public policy.
Application of quantitative risk assessment to micro-
bial food safety issues has been limited to date. How-
ever, there are a few notable examples: USDA’s Sal-
monella enteriditis in eggs risk assessment and
Canada’s risk assessment of E. coli 0157:H7 in
ground beef hamburgers.

1. Acceptance and understanding of risk assessment
and overall risk analysis terms are essential to
further progress in development of risk assess-
ments beyond the research stage. For consisten-
¢y in domestic and international trade with re-
spect to risk assessment, it is recommended that

tUpdate for Recommendation No. 1 in Council for Agricultural
Science and Technology, 1994. See Appendix C.

The 1994 CAST document recommended {ollowing the risk assess-
ment approach of the National Academy of Sciences (National
Research Council, 1983). This is consistent with the United Na-
tions Codex Alimentarius Commission approach. We now refer to
the Codex Alimentarius approach because it has become availahle
and is more familiar internationally. See Appendix B for Codex’s
draft definitions of terms. Note that various codex committees may
use different definitions.

the definitions and approaches of the Codex Ali-
mentarius! be adopted, with those knowledgeable
having input into this process. Terms include
hazards, risks, severity, consequences, dose re-
sponse, and management options.

In practice, the application of risk assessment can
be complex because food systems are complex.
There often are several hazards of concern in a
food consumption scenario, including hazards
that may go unrecognized or to date may be un-
known. Cultural anthropological differences in
consumption patterns or food handling methods
expose subpopulations to different levels of risle,
and foods originating in new areas or produced in
nontraditional areas may contain unanticipated
hazards.

Clear national, state, and local food safety goals
and priorities are needed to apply risk assess-
ment effectively and to lead to appropriate risk
management and risk communication strategies
by industry and government.

The database of epidemiologic information rela-
tive to acute and chronic effects of infections with
foodborne pathogens is being improved as Food-
Net and other active population-baszed surveil-
lance activities are being developed. Because ac-
tive surveillance and studies of chronic effects of
foodborne infections are extremely resource in-
tensive, care must be taken in their design to as-
sure that the surveillance areas, methods of case
ascertainment, epidemiologic techniques, and
analytic methods are selected for maximal effi-
ciency and yield. The best available epidemiclogic
approaches need to be applied and new ones de-
veloped to improve the utility of epidemiologic
data for quantitative risk assessment purposes.
Risk assessments should continue to be designed
to show how interventions in a process can in-
crease or decrease a risk to human illness, and
thus help prioritize the implementation of specific
control measures.



Goal Setting

Recommendation 2": Base Food Safety Regulations
on Risk Assessment and Risk Management

We recommend that federal food safety regulations
be based on risk assessment; thus, reflect that zero
risk of foodborne illness is not always possible. Risk
managers should seek input from affected parties
before establishing food safety regulations.

Current Status

While our food supply is generally considered safe,
this recommendation is about having a food safety
system that is based on assessing risks to human
health from foodborne pathogens and then taking
appropriate steps to reduce the risk to consumers of
contracting foodhorne illness. Federal regulators are
malking progress toward that goal. The FSIS and the
FDA are moving toward “science-based” policies and
recognizing the importance of risk assessment in set-
ting policies.

1. Providing absolute safety from all hazards in food
for all consumers may not be feasible. There al-
ways will be some risk associated with foods
available to consumers. Certain processes are
highly effective at minimizing risk so that if prop-
erly executed the risk is so small as to be negligi-
ble (e.g., foods that are canned to achieve com-
mercial sterility and pasteurized, refrigerated
milk).

2. Federal authorities should seek input from risk
assessors, affected industry, and consumers
through transparent, public processes. Federal
agencies should facilitate public discussion on
acceptable levels of risk for microbiological haz-
ards, establish appropriate risk-based standards

"Update for Recommendation No. 12 in Council for Agricultural
Seience and Technology, 1994, See Appendix C.

and food safety policies, and communicate this
information to all affected parties to minimize the
occurrence of foodborne disease. The acceptable
level of protection should consider the estimate of
risk to consumers for both normal and high-risk
subpopulations.

Resulting federal regulations should reflect the
public health impact of the hazard, the technolog-
ical feasihility of controlling the hazard, economic
implications, and societal concerns.

Wherever possible, tolerances should be based on
risk assessment rather than solely on the lower
limit of detection as provided by available analyt-
ical procedures, current industry practice, or a
goal of zero risk.

Estimates of foodborne disesase risk associated
with a specific pathogen and/or food should be
recalculated as new information becomes avail-
able.

Insufficient data on infectious dose or toxigenic
thresholds for most foodborne pathogens and
their toxic metabolites deter meaningful estima-
tion of risk, particularly for newly emerging mi-
crobial hazards, because the level of uncertainty
is great. This lack of critical information can lead
to risk management options that are inappropri-
ate (likely overly conservative) for the microbial
hazard. Furthermore, there are hazards that are
unlknown and uncontrolled. Hence, there is an on-
going need for periodic review of regulatory poli-
cies and tolerances to ascertain their appropriate-
ness or need for modification.

To facilitate the adoption of risk management
options that are commensurate with the actual
risk of human illness associated with a hazard, a
concerted effort should be given to establishing a
framework to develop and organize data to clari-
fy the infectious or toxigenic dose (see Recom-
mendation 8).
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Recommendation 3": Set Federal Food Safety
Goals and Priorities

We recommend that federal food safety goals and
priorities be set so that resources may be allocated
and targeted appropriately to address hazards in the
food supply.

Current Status

Some, albeit minimal, goal setting has been under-
taken, specifically in Healthy People 2000 and the
National Food Safety Initiative.

1. The selection of eriteria for setting goals and pri-
orities, such as any strategic planning process,
should be discussed in a national dialogue seek-
ing input from all stakeholders. Criteria for con-
sideration include the numbers of acute illnesses;
numbers of chronic complications; numbers of
deaths and disabilities; types of food products
implicated; types of production, harvesting, or
processing deficiencies or handling errors identi-
fied; impact on certain subpopulations that soci-
ety has a heightened responsibility to protect

"Update for Recommendation No. 13 in Council for Agricultural
Seience and Technology, 1994. See Appendix C.

{e.g., children); and economic losses to society.
The agencies charged with food safety regulation
should be structured appropriately and funded
adequately to provide regulatory oversight of the
food industry and to protect and promote the pub-
lic health. Recommendations from the National
Academy of Sciences, the General Accounting
Office, and other independent sources should be
considered in rearganizing or consolidating food
safety functions in the federal government.

The federal government should coordinate with
state and local governments, where appropriate,
to maximize protection of public health.

When Hazard Analysis Critical Control Point
{(HACCP) systems are implemented and demon-
strated to be effective in decreasing pathogen con-
tamination of meat and poultry products, out-
moded and duplicative regulatory functions, such
as the practices of carcass-by-carcass visual in-
spection by government inspectors in slaugher
plants and continual inspection by government
inspectors in some meat processing plants should
be discontinued and resources should be redirect-
ed to areas where they are more urgently needed.
Public discussion and understanding of the costs
and effectiveness of control measures will be reg-
uisite.
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Recommendation 4": Expand Food Safety
Information Database

We recommend that the food safety information
database be expanded to provide more complete infor-
mation on the incidence of foodborne disease by
pathogen, by food, and by contributing factor. Com-
prehensive data sharing and database creation are
recommended to assist risk assessment studies from
farm-to-table in pinpointing pathogen entry, surviv-
al, and propagation and the likely impact of control
opticns.

Current Status

Epidemiologic studies and microbiologic studies of
production, slaughter, and marketing have improved
our understanding of potential hazards in foods of an-
imal origin, but considerable gaps remain. Some
progress is being made in our understanding of inci-
dence and risk of foodhorne infections with a few
pathogens. The National Food Safety Initiative
{NFSD) is aiding this cause by increasing resources for
identifying risk factors. At present, however, only a
limited number of pathogens, nearly all bacterial, are
included in the active laboratory-based surveillance
component of FoodNet, Toxigenie foodborne illness
also is excluded. Identification of risk factors of infec-
tion, including information on the food vehicles re-
sponsible for transmission, is occurring slowly be-
cause of limited national capacity to conduct
case-control studies of sporadic foodborne disease.

1. The capacity for rapid and accurate identification
of and response to cuthreals of foodborne disease
must be improved at the local, state, and federal
levels. Much of this capability will depend on de-
velopment of appropriate methods as detailed in
Recommendation 5. Additional resources for ac-
tive surveillance, population-based surveys, and
case-control studies of a broad range of sporadic
bacterial, parasitic, and viral foodborne illnesses
must be made available to local, state, federal,

tUpdate for Recommendation No. 2 in Council for Agricultural
Science and Technology, 1994, See Appendix C.

and international public health agencies so that
important agents of foodborne disease can be
identified, quickly and correctly attributed to a
food source, and the factors that contributed to
the transmission of the agent from food to con-
sumers can be determined.

Standardized, effective protocols for collecting,
compiling, and analyzing data on the incidence of
foodborne ilinesses and the acute and chronic ef-
fects of foodborne disease must be developed and/
or used to harmonize the qualitative and quanti-
tative aspects of foodborne disease data within
the United States and internationally. Similar
standardized protocols are needed for quantita-
tive food microbiology databases.

The National Animal Health Monitoring System
(NAHMS) and other U.8. Department of Agricul-
ture (USDA) and Food and Drug Administration
{FDA) programs should be improved and expand-
ed to increase their contribution to our under-
standing of the epidemiology and ecology of food-
borne pathogens during food production, process-
ing, and handling.

Collaboration between government and industry
should be encouraged for better data utilization.
Mechanisms for pooling data on food consump-
tion, microbial characteristics of foods, and hu-
man disease, which protect patient confidential-
ity and sensitive commercial information and
assure standards of data guality, would be an
asset. Support for development of such a database
and coincident gatekeeping methods for both dep-
osition of and access to data to assure the quali-
iy and appropriateness of use will be critical to
this becoming a reality.

Risk assessors are interested in separating vari-
ahility (observable differences) from uncertainty
(lack of knowledge) in their models. It is very use-
tul for researchers to report the raw data and/or
some form of statistical analysis that explains the
degree of uncertainty in their data. Journals
should encourage their authors to report details
on test sensitivity, test specificity, sampling pro-
tocols, and assumptions in studies of pathogen
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survival/growth/destruction and assumptions and
approximations in risk assessment models. Au-
thors should be encouraged to retain their raw
data sets, report cumulative distributions of data
sets, report any conclusions, and analyze uncer-
tainties associated with either the data or the

Research Needs

model. Differences among pathogen serotypes or
strains is increasingly recognized as an important
source of variability and should be explicitly ad-
dressed. In the future, publication of raw data on
the Internet, in journals, or in other formats
should be encouraged.
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Recommendation 5": Continue Rigorous
Epidemiologic Studies

We recommend that continued rigorous epidemio-
logie studies be conducted to assist in establishing the
cause of illness and effect of foodborne occurrence of
a particular pathogen or toxin.

Current Status

With the technigues and resources available to
date, these epidemiologic functions largely have been
carried out through outhreak investigations. Routine
passive surveillance based on laboratory or physician
diagnoses has provided little useful information in
this regard. Carefully conducted outbreak investiga-
tions have been the more efficient epidemiologic
method for identifying new foodborne hazards, new
food/pathogen combinations, or the impact on society
of foodhorne exposures in outhreak settings.

1. Poodborne disease surveillance activities are a
crucial part of food safety programs. Of the avail-
able surveillance data, knowledge of factors that
affect contamination of foods, and survival and
growth of etiologic agents is critically important
information upon which to base preventive and
control actions. A database reflecting the relative
importance of sources and modes of contamina-
tion, practices that allowed pathogens to survive
processing and preparation, and means by which
pathogenic bacteria or toxigenic mold proliferate,
provides focus for angoing food safety programs.
Therefore, determining and reporting factors that
contributed to foodborne disease outbreaks
should receive particular emphasis. Such a data-
base can suggest measures that are vital for pre-
vention, direct attention to critical control points,
and show that certain control activities are mak-
ing only minor, if any, impact. Hence, this infor-
mation should be used to guide food safety pro-
grams and educational activities. The Interna-
tional Association of Milk, Food and Environmen-
tal Sanitarians (IAMFES} has published a guide

'"Update for Recommendation No. 5 in Couneil for Agricaltural
Scienee and Technology, 1994. See Appendix C,

to epidemiological investigation (International
Association of Milk, Food and Environmental
Sanitarians, 1998).

2. Resources that are becoming available through
the National Food Safety Initiative (NFSI) are
adding substantially to the possibilities of en-
hancing “rigorous epidemiological studies.” For

example, improved diagnostic and food microbio-
logic techniques are being developed and trans-
ferred to the state and local levels, and this
should decrease the number of outhreaks of un-
known etiology. While the progress made to date
has been modest, improved diagnostic methods
for a range of bacterial, protozoan, and viral
pathogens have been added to laboratories in a
number of states.

3. Likewise, broad application of improved and
standardized subtyping methods will enhance
epidemiclogic studies enabling better classifica-
tion of patient and food isolates. Development,
standardization, and training in these methods
are occurring at various levels for a number of
bacterial, protozoan, and viral pathogens. One
example is E. coli O157:H7 subtyping embodied
in the PulseNet system.

4. The increased number of epidemioclogists and
microbiologists and their training in advanced
tethniques in foodborne disease programs at the
CDC and in some state health departments will
increase the numhber and quality of epidemiolog-
ic studies and hazard analyses at all stages of the
food chain, from primary production through the
postconsumption outbreak period.

5. QCarefully designed case-control studies of sporad-
ic cases of foodborne illness (made possible with
NFEI resources) are identifying the most common
sources of foodborne illness outside outbreak?® set-
tings. However, the preseat level of resources
permits few such studies, so progress in this re-
gard is slow.

A foadborne disease outbreak is defined as an incident in which
persons experience a similar illness resulting from the ingestion
of a common food.
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Research Needs

Recommendation 6": Improve and Update Foodborne
Disease Estimates

We recommend that foodborne disease estimates
be improved and regularly updated to better identify
the extent and eonsequences of foodborne disease and
to document progress in controlling foodborne patho-
gens.

Current Status

The estimates in the statement from the original
CAST report (Council for Agricultural Science and
Technology, 1994, p. 4}, . . . Although the microbial
foodborne disease burden of the United States is not
known with aceuracy, estimates from the literature
indicate and the general consensus of CAST task
force members is that cases likely range from 6.5
million to 33 million annually and that deaths may
be as high as 9,000 annually (the CDC estimates
that there are 4,000 microbial foodborne deaths an-
nually). . . .,” were a consequence of the best avail-
able literature and have been widely quoted. How-
ever, these numbers are estimates and are
controversial because they rely on limited informa-
tion supplemented by experf opinions and assump-
tions. The CDC has recently begun a multidisci-
plinary effort to revise these national estimates for
foodborne illness (Broome, 1998).

FoodNet is identifying the incidence of acute diar-
theal disease at seven sites across the United States
and these data will provide a better basis for gener-
ating national estimates of acute illness, severity dis-
tributions, and death rates for diarrheal disease than
obtainable in the past. However, progress is limited in
other areas.

The CAST task force recommends the following:

1. National estimates of foodborne illness, hospital-
jzations, and deaths will require careful analysis
of FoodNet data and other surveillance sources to
generate reliable multipliers to account for miss-

"Update for Recommendation No. 7 in Council for Agricultural
Science and Technology, 1994, See Appendix C.

ing lab tests, stool samples, ill persons not seek-
ing medical attention, and medical reports not
reaching agencies responsible for carrying out
investigations. These multipliers are likely to be
different for each pathogen and to vary with se-
verity of illness. After a set of estimates for the
major foodborne pathogens has been developed
by the CDC and collaborators, a scientific confer-
ence should be convened to discuss methodologi-
cal issues and to suggest improvements. This will
build national confidence in the source and accu-
racy of the estimates.

Acute disease estimates for new foodborne patho-
gens (such as Cyclospora, Shigatoxin-producing
E. coli other than 0157, and Salmonella typhimu-
riunt DT 104) or nondiarrheal disease caused by
foodborne pathogens (such as neurological im-
pacts) await better estimates and should be add-
ed to FoodNet or other active population-based
surveillance programs in a timely manner.

A national study should be funded to determine
whether acute illnesses and deaths from septice-
mia, bacteremia, and other systemic illnesses are
related to foodborne pathogens to a significant ex-
tent.

Chronie complications associated with most food-
borne pathogens are cccasionally lifelong, and
cause a diverse array of conditions ranging from
arthritis, paralysis, and colitis to heart disease
(See Recommendation 7). Although infrequent,
these chronic complications can cause great hard-
ship, and attempts should be made to better
quantify the incidence of foodborne causes of
chronic conditions, their severity, and their dura-
tion.

Estimates of medical costs and productivity losses
caused by foodborne pathogens need to be ex-
panded to address more pathogens and more
chronic complications. The methodology for esti-
mating human illness costs should be standard-
ized across government agencies in the United
States and coordinated with international bodies.
Where possible, estimates of the value to society
of decreasing the risk of foodborne illness should
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be included in the estimates.

6. Puhlic costs of investigation and control also
should be documented. Costs to the industry as-
sociated with foodborne pathogens also should be
documented. Such costs include recall and de-
struction of food, legal liability cases, lost tourism,
and lost domestic and export markets for foods.

13

Savings due to decreased spoilage and avoiding
double-counting should be considered as well.

A better mechanism to obtain information from
consumer experience with foodborne iliness is
needed, perhaps including more information from
state epidemiclogists.
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Research Needs

Recommendation 7": Support Research on Chronic
llinesses Associated with Foodborne Pathogens

We recommend support of research on the mecha-

nisms of chronic illnesses with which foodborne
pathogens are associated so that appropriately target-
ed detection and control strategies can be developed.

Current Status

Limited progress has been made in this area in the

past four years.

1.

Research related to mechanisms of chronie ill-
nesses and populations at elevated risk of chronic
disease due to foodborne pathogens is ongoing in
government and university laboratories. This re-
search is more costly and long-term than research
on acute illnesses. The time from initiation of the

"Update for Recommendation No, 8 in Council for Agriealtural
Science and Technalogy, 1994. See Appendix C.

research to understanding of the disease to hav-
ing an impact on public health is relatively long;
thus, funding and interest in the research is dif-
ficult to obtain.

It is likely that the costs of chronic illnesses cut-
weigh the costs of acute diseases; hence, this rec-
ommendation remains critical.

A great diversity of microorganisms may cause
chronic sequelae and a variety of chronic conse-
quences may occur (see Table 1 [Council for Ag-
ricultural Science and Technology, 1994, Table
2.2] for a summary of organisms and consequenc-
es). Epidemiologic studies are hindered by the low
frequency of diseases (estimates indicate a max-
imum of 1 to 3% of the population with certain
enteric infections develop chronic illnesses).
Studies are progressing slowly on the epidemiol-
ogy, pathogenesis, pathology, clinical aspects, di-
agnosis, and therapy of these diseases. Preven-
tion of such diseases needs greater emphasis.
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Table 1.  Cerlain foodborne infections and their complications {adapted from Mossel, 1988)

Bacterial and parasitic infection
fransmitted by foods

Complication/sequelae

Bacterial infections
Aeromanas hydraphila enteritis

Brucellosis

Campylabacteriosis

Escherichia coli (EHEC-types) enteritis

Q-fever

Salmenellosis

Shigellasis

Vibrio parahasmaiyticus enteritis
Yersiniosis

Parasitic infections
Cryptosporidiosis

Cyclosparosis

Giardiasis
Taeniasis
Toxoplasmasis

Trichinosis

Viral infections
Hepatitls A virus

Bronchopneumonia, cholecystitis
Acrtitis, epididymo-orchitis, meningitis, pericarditis, spandylitis

Arthritis, carditis, cholecystitis, colitis, endocarditis, erythema nodosum, Guillain-Barré
syndrome, hemolytic-uremic syndrome, meningitis, pancreatitis, septicemia

Erythema nodosum, hemolytic uremic syndrome, seronegative arthropathy, thrombotic
thrombocytopenic purpura

Endocarditis, granulomatous hepatitis
Aortitis, chalecystitis, colitis, endocarditis, epididymoorchitis, meningitis, myccarditis,
osteomyelitis, pancreatitis, Relter's disease, rheumatoid syndromas, seplicemia, splenic

abscesses, thyroiditis, septic arthritis {sickle-cell anemic persons)

Erythema nodosum, hemolytic-uremic syndrome, peripheral neuropathy, pneumaonia, Reiter's
disease, septicemia, splenic abscesses, synovitis

Septicemia

Arthritis, cholangitis, erythema nodosum, liver and splenic abscesses, lymphadenitis,
pneumeonia, pyomyaositis, Relter's disease, septicemia, spondylitis, Still's disease

Severe diarrhea, prolonged and sometimes fatal

Severe watery diarrhea, cramping, abdominal pain, nausea, vomiting, extreme fatigue, low
grade fever, weight loss, anorexia, abdominal bloating, depression

Cholangitis, dystrophy, joini symptams, lymphaidal hyperplasia
Arthritis, cysticercosis (T. solium)
Encephalitis and other central nervous system diseases, pancarditis, polymyasitis

Cardiac dysfunction, neurolagic sequelae

Various liver disgases
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Research Needs

Recommendation 8" Use Dose-Response Modeling
In the Risk Assessment Process

Dose-response modeling is a critical component of
the risk assessment process. Without adequate dose-
response information, the exposure assessment, sig-
nificant levels of contaminants, and enhanced safety
measures may not be adequately evaluated.

Current Status

Some data sets are available that can be used to
determine the likely human response resulting from
consumption of a specified dose of pathogen. Howev-
er, there are several critical areas that need to be
addressed for dose-response models to be used with
confidence.

We recommend the following:

1. Dose-response data of infectious microorganisms
and microbial toxins need to be critically re-
viewed with assessment of the “independent-ac-
tion” (or single-organism) hypothesis. Thig hy-
pothesis states that each microbial cell acts
independently and has the potential to initiate
colonization (or the infection process); this theo-
ry is analogous to the sperm and egg concept. Al-
ternatively, the potential of a threshold, which is
gome level of pathogenic bacteria, viruses, or pro-
tozoa that particular individuals can tolerate
without becoming infected, needs to be evaluated.
Dose-response data can be significantly different
between different bacteria, viruses, and protozoa,
for different strains of these microorganisms, and
for different subpopulations and individuals.

2. The various models that can be used to describe
these data should be examined using scientific
criteria of best-fit.

3. Animal models rarely closely mimiec human infec-
tious disease, particularly for intestinal diseases.
But in some instances, nonruminants may have
the potential to describe and model human intes-
tinal infections (dose-response) and enteric dis-

'Update for Recommendation No. 6 in Council for Agricultural
Science and Teehnology, 1994. See Appendix C.

ease. These may be useful to address some of the
above concerns. Animal models also may be use-
ful for some nonenteric foodborne diseases. Ex-
treme care must be exercised when extrapolating
from animal data to estimates of human infec-
tions.

Frequency distributions of the various cutcomes
should be deseribed by infection, severity (e.g.,
duration and types of treatment, hospitalization,
and death) and the individual’s immune status
{and/or specific high-risk populations) or suscep-
tibility. The outcomes should be quantified with
specific description of the numerator and denom-

- inator in the various data sets (e.g., clinical data

sets with defined populations as opposed to re-
ported cases extrapolated to the total U.S. popu-
lation).

Synergistic and antagonistic effects on the dose-
response associated with various food types
should be assessed. Foods or drugs with buffering
capacity can lower the dose-response curve by
protecting some of the microorganisms as they
pass through the stomach.

Multiple exposures to the same or different infec-
tious pathogens or foxins need to be evaluated to
determine the risk if exposed more than once in
various time periods.

Outbreak investigations should be enhanced to
include better assessment of exposure {(evaluating
the contaminated food, survival of pathogen to
the process, and propagation of etiologic agent
due to process and time of exposure) and outcome
(attack rates [numbers of individuals ill/ numbers
of individuals exposed], symptomatic ratios [num-
bers of individuals ill/numbers of individuals in-
fected], severity and secondary spread [numbers
of individuals who become ill after coming in con-
tact with other individuals]). These data should
be used to test and refine the dose-response mod-
els. This will be critical to the application of quan-
titative risk assessment for making decisions for
effective and efficient protection of public health.
Models need to be developed to account for differ-
ent demographic groups with varying susceptibil-
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ity to foodborne pathogens, multiple hazards, dif-
ferent. food matrices that affect survival and
growth of pathogens, limited data on infective or
intoxicating doses, and the use of outbreak data
with factors contributing to outhreaks. The mod-
els should consider “worst case” scenarios, yet
those may not always be the most appropriate ba-
sis for regulatory action.

Current dose-response models are empirical in

17

nature, being based on the fitting of experimen-
tal data sets. Research should be encouraged on
the development of mechanistic models based on
the physiological characteristics of the pathogen
and humans. Likewise, research should he sup-
ported to develop alternative approaches for as-
sessing dose-response relations for pathogens
that are not amenable to human trials or animal
studies.
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Research Needs

Recommendation 9": Conduct Research to Identify
Likely Food and Pathogen/Toxin Associations

We recommend that research be conducted to
identify domestic and imported foods likely to be as-
sociated with specific pathogens or toxins and to es-
tablish controls to minimize risk. It should be deter-
mined whether new preharvest practices or process-
ing/preparation methods create an environmental
niche for pathogens; contribute to survival, growth, or
spread of pathogens; or permit development of micro-
bial antibiotic resistance.

Current Status

Research of this nature is conducted and/or fund-
ed by the federal government, industry or grower/
producer trade organizations, universities, and indi-
vidual food companies. Progress is steady yet slower
than is desired. Only recently have preharvest prac-
tices received serious attention relative to their im-
pact on food safety.

1. Research to better identify which pathogens are
associated with specific foods should include

* study of the ecology of foodborne pathogens or
toxins in the environment, in processing, pack-
aging, marketing, distribution, retail, storage,
preparation, and in the human;

* improved methods for rapid detection and
identification of foodborne pathogens and tox-
ins (see Recommendation 11);

* challenge testing of high-risk foods and the
processes they undergo to ensure that patho-
gens of historical concern as well as emerging
pathogens are controlled;

* hazard analysis of food production, harvesting,
distribution, marketing, processing, and prep-
aration operations;

* development of effective procedures or practic-
es for both pre- and postharvest intervention
strategies that eliminate or control pathogens
and their toxins; and

tUpdate for Recommendation No. 9 in Council for Agricultural
Seience and Technology, 1994. See Appendix C.

* study of the development of antibiotic resis-
tance in bacteria associated with the food sup-
ply, where in the food continuum increased
resistance may be oceurring, what practices
are contributing to its increase, and medical
significance of increases.

To effectively minimize risk of human illness de-
pends on identifying pathogens that are associat-
ed with specific foods, identifying where patho-
gens enter the farm-to-table food continuum, and
identifying the effectiveness of preventive and
control measures. Contamination and controls
may accur at any step from the grower/harvester
through the processor/handler/preparer and in-
clude food handling practices during food trans-
portation, storage, and display. The wealth of
current knowledge should be applied.

. The composition or formulation of the food also

plays a significant role in the probability of patho-
gen survival or growth. Food composition may (a)
affect the type and extent of contamination by the
nature of the raw product or ingredients that
compose the food; (b) influence heat penetration,
which affects survival of the contaminants ac-
cording to the rapidity of heating and cooling;
and/or (¢) provide nutrients and other intrinsic
properties (e.g., pH, oxygen availability, presence
of natural antimicrobials), which may allow, en-
courage, or discourage microbial growth. The food
composition alse will impact the presence and
growth of other microorganisms, The competitive
microbiota may encourage, discourage, or have no
etfect on growth of the pathogen.

While indicators and surrogates have been used
to establish performance criteria and controls, the
inadequacy of some of these (e.g., coliforms for the
prediction of resistance of viruses or protozoa to
chemical disinfection) has been demonstrated.
Qualitative and quantitative similarities and dif-
ferences between various microorganisms need to
be addressed so that surrogates or substitute
microorganisms can be used with confidence for
determining the adequacy of treatments and var-
ious control measures.
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Recommendation 10": Support Foodborne
Pathogen Research

Recognizing that advances in knowledge of food-
borne disease prevention and control are essential to
advancing food safety, we recommend that vigorous
fundamental and applied research efforts related to
foodborne pathogens be encouraged and supported.
In addition, we also recommend that current knowl-
edge about factors that contribute to food safety be
implemented. :

Current Status

This recommendation is similar to the 1994 recom-
mendation. What i2 new is a discussion of setting re-
search priorities. Much of the fundamental research
on food safety is funded by the Agricultural Research
Service (ARS), the FDA, the Cooperative State Re-
search Education and Extension Service (CSREES),
the National Institutes of Health (NIH), and the Na-
tional Research Initiative (NRI). Recently, funding for
the NRI has been expanded somewhat; however, oth-
er funds administered through the CSREES have di-
minished simultaneously. Funding for microbial food
safety research in the FDA has increased in FY 1998
as a result of the National Food Safety Initiative.

1. Critical areas of basic and applied research in-
clude

» microbial ecology of pathogenic bacteria, para-
sites, and viruses in pre- and postharvest envi-
ronments, including the ecology of biofilms in
processing facilities;

* mechanisms of enhanced tolerance of food-
borne pathogens to acid, heat, and environ-

Update for Recommendation No. 3 in Council for Agricultural
Seience and Technology, 1994, See Appendix C.

mental conditions;

* mechanisms of virulence in pathogens, genet-
ic transfer of virulence determinants, and the
potential of growth conditions and other envi-
ronmental factors that affect (enhance or de-
crease) virulence;

* development of innovative procedures or prac-
tices for both pre- and postharvest intervention
strategies that effectively eliminate or control
pathogens and their toxins;

* guantifying the variability within and among
strains of pathogens in response to control pro-
cedures or practices; and,

= applications of current technologies for track-
ing organisms in the environment and in epi-
demiologic investigations and for identifying
factors that contribute to contamination, sur-
vival, and growth.

» QOther specific research areas are detailed in
Recommendations 9 and 11.

The food safety research agenda should be devel-
oped based on federal food safety goals and prior-
ities (see the call for a national consensus confer-
ence on priorities in Recommendation 3). A
process should be developed to enable identifica-
tion of specific research agendas for topics of high
priority. The process should include a mechanism
to regularly review and modify research agendas
based on new information and to inform the pub-
lie, scientific community, and industry about
progress in addressing research needs. Coordina-
tion of research across governmental agencies
with food safety responsibilities and academic
and private institartions in both the pre- and post-
harvest areas is needed. To facilitate this coordi-
nation, a national food safety research database
encompassing both public and private sector re-
search should be developed (see Recommendation
4).
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Recommendation 11": Develop Rapid, Accurate
Detection Methods

We recommend that new rapid, reliable, sensitive,
and economical methods continue to be developed to
allow rapid (ideally, online) and accurate detection of
hazardous organisms and their toxins.

Current Status

Development of new and improved methods is an
area that continues to receive a great deal of research
attention and a reasonable amount of private and
public sector funding. Progress has been good, and
given that opportunities are great for continued ad-
vancement, continued strong support appears war-
ranted.

1. Genome-based detection methods show enormous
promise in enhancing specificity, sensitivity, and
possibly speed of detection of pathogenic organ-
isms. These methods must be applied cautiously
in instances where there is a need to know wheth-
er the organism detected is still viable or infec-
tious, as they presently are often incapable of dis-
tinguishing viable and disease-causing cells from
dead cells.

2. Improved diagnostic and subtyping methods for
foodborne bacterial, parasitic, and viral patho-
gens in clinical, food, and environmental speci-
mens must be developed and transferred to ap-
propriate laboratories. Managed by the CDC,
PulseNet has been initiated in several states to
serve as a subtyping database resource. Serotyp-
ing and molecular methods have proven impor-
tant for epidemiologic investigations and in trac-
ing organisms through the food chain, but
implementation has not always been sufficient for
distinguishing epidemics from sporadic cases re-
sulting from exposure to a common scurce of con-
tamination.

3. It should he recognized that determining the safe-

Update for Recommendation No. 4 in Council for Agricultural
Science and Technology, 1994. See Appendix C.

10.

ty of foods is not presently possible through mi-
crobiological end-product testing alone, and that
the purpose of new tests is not routine prerelease
clearance of food products because a negative test
result does not provide absolute evidence of safe-
ty.

Laboratory testing is valuable to validate HACCP
systems to control microbial hazards. Use of
quantitative tests for indicator organisms at crit-
ical control points, at locations where contamina-
tion is lilkkely to be highest, and in final products
can provide actionable information to verify pro-
cess control and direct process improvements.
Online assays might be applicable to manitoring
at critical control points in HACCP systems, to
enable remediation when results exceed critical
limits. Microorganisms sought in this application
probably would not be pathogens.

The proposed new tests should serve to detect
guickly, and ideally to quantify, pathogens in
foods suspected as vehicles in cutbreaks—to al-
low prompt intervention to reduce risk of further
transmission.

Such new tests also may be used to estimate hu-
man exposure levels in risk assessment studies.
However, random surveys for extremely low-inci-
dence pathogens in food should be evaluated care-
fully on a cost-benefit basis (as a component of
risk management).

Hazards due fo toxin-forming pathogens could be
possibly identified by genome-based methods, vet
techniques for direct detection or quantitation of
the toxin molecule are required for more accurate
indication of a potential public health risk. To this
end, immunoassays, coupled with sensitive re-
porter systems, offer potential.

Improved methads to identify and/or concentrate
viral particles, cells, or toxins from foods are be-
ing investigated and should improve both sensi-
tivity and speed of detection.

Improved (rapid and sensitive) reporter systems,
e.gr., those relying on electrical signals, coupled to
nucleic acid or antibody technologies are likely to
become available in the near future. This type of
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advance should enhance speed and may decrease tect low levels or sporadic prevalence of patho-
the cost of testing. gens that eliminate or decrease the need for en-
11. Improved sampling techniques are needed to de- richment steps.
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Recommendation 12" Require Producers to Adopt
Effective Intervention Strategies

We recommend when practical and effective inter-
vention strategies at the farm, aquaculture facility,
seafood harvesting, and on-site preharvest levels are
made available, that producers, aguaculturists, and
seafood harvesters be required to use the strategies in
the interest of enhancing public health. This is a new
recommendation. The importance of preharvest prac-
tices has been highlighted by several recent develop-
ments: the increasing identification of fruits and veg-
etables in U.8. outbreaks of foodborne disease, the
specter of bovine spongiform encephalopathy (BSE)
in United Kingdom (U.K.) cattle and . coli O157:H7
in U.8. cattle, worldwide increases in bacterial resis-
tance to antibiotics, and improved testing for the
presence of pathogens in animal production. Produce
and animal preharvest practices are important oppor-
tunities for eontrolling or minimizing spread of food-
borne pathogens. Attention should be given to devel-
opment of practical and effective control strategies at
this level.

Current Status

Pathogens and their toxins can enter the food
chain in the preharvest environment in several ways.
Pathogens can be directly introduced to plant and
animal products by use of improperly or incomplete-
ly treated animal manure, insufficiently treated hu-
man wastes, contaminated water, contaminated soils,
or contaminated feeds. Onece introduced, pathogens
can colonize soils and animals and become incorporat-
ed into eycles of recontamination by manure, water,
and animal transport. In animal production, bacterial
and parasitic pathogens are the primary concern.

"This is a new recommendation.

Both therapeutic and subtherapeutic use of antibiot-
ics in animals can foster development of resistant
pathogens, such as Salmonella typhimurium DT104.

We recommend the preharvest community contin-
ue to develop and apply effective intervention strat-
egies to decrease the risks of foodborne pathogens.
The intervention strategies should provide control
measures that decrease or exclude pathogens and
break the cycles of contamination. New control op-
tions also must pass the cost-benefit test and adoption
must offer net benefits to society.

1. Primary options for focus are

¢ decreasing human pathogens occurring in the
gastrointestinal tract of animals;

* improving animal manure management (in-
cluding a “kill” step for pathegens, such as high
heat through carefully controlled composting
or other means) when needed acecording to its
intended use;

* assuring that human sludge and sewage is
appropriately treated before being used in crop
production;

* minimizing pasture and feedlot runoff to main-
tain sanitary water quality and sewage dispos-
al; and

* working with the FDA Center for Veterinary
Medicine, USDA, and CDC to continue to iden-
tify and evaluate the risk of adverse conse-
guences of animal drugs.

2. It is important not to overlook on-farm grower/
producer and on-site seafood harvesting concerns
relative to the importance of research, develop-
ment of intervention strategies for safer food pro-
duction and seafood harvesting/handling practic-
es, and educational programs.
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Production Control

Recommendation 13" Apply Control Practices
from Food Source to Consumption

This recommendation expands the 1994 CAST
Recommendation 14, which stated, “We recommend
that control practices be applied from food source to
consumption,” We recommend controlling the most
severe hazards and applying control practices at the
maost cost-beneficial points in the food continuum,
from food source to consumption. We advocate that
both the federal government and industry trade asso-
ciations continue to develop demonstration HACCP
materials.

Current Status

Substantial progress has been made in instituting
voluntary and publicly mandated HACCP systems for
animal products, seafood, and produce. Risk assess-
ment should be the foundation for developing HAC-
CP systems. The HACCP framework provides a sys-
tematic approach for identifying, evaluating,
controlling, and monitoring the microbial hazards
from food source to consumption.

Pathogens or toxins can enter the food continuum
in the postharvest environment if they are present on
animals to be slaughtered, raw foodstuifs, or are in-
troduced into the food by contaminated water, work-
ers, or other means. Once introduced, the pathogens
can contaminate other foods or the environment, sur-
vive, grow, and produce toxin. Methods to prevent or
to control pathogens and their toxins differ with each
food and food pathogen, and may involve excluding
contaminated food ingredients, practicing good sani-
tation, refrigerating, cooking, or irradiating. Control
methods affect specific pathogens and toxins differ-
ently; no one method will eliminate all pathogens or
their toxins from the food chain. Pathogens or their
toxins may be controlled by preventing their entry
into the food, by decreasing the amount present, or by
preventing or delaying growth.

Specifically, the CAST authors recommend the fol-
lowing:

"Update for Recommendation No. 14 in Council for Agrieultural
Science and Technology, 1994. See Appendix C.

Implementation of voluntary HACCP and Good
Agricultural Practices (GAPs)YGood Manufactur-
ing Practices (GMPs) throughout the food chain.
The latest edition of the National Advisory Com-
mittee on Microbiological Criteria in Foods (NAC-
MCF) principles and guidelines for HACCP (Na-
tional Advisory Committee on Microbiological
Criteria in Foods, 1998) should be used as the
basis for training and HACCP plan development,

. implementation, and verification. Regulated

HACCP should, however, he reserved for prod-
ucts presenting a true threat to public health,
based on risk assessment, thereby focusing limit-
ed resources on areas having the greatest poten-
tial impact on public health.

Controls for each food-pathogen combination
should be evaluated separately. This is a joint
industry-government responsibility.

While government can fund some research by
employees (e.g., ARS, FDA, and CDC) and aca-
demics (through the CSREES, National Research
Initiative, ete.), government’s greatest impact is
through providing economic incentives for indus-
try innovations at all three stages: invention,
commercial scale-up, and widespread adoption.
One such incentive iz to inform the industry
about the health protection benefits of new tech-
nologies, such as food irradiation and pasteuriza-
tion of beef carcasses, that significantly decrease
pathogens.

The major responsibility for developing new food
safety technologies remains with industry and its
trade associations, as industrial personnel know
best the production processes, options, and com-
petition. This includes food harvesters.

The federal, state, and loeal governments and
unijversity personnel have important roles in pro-
viding food safety information to industry and
consumers. This information includes reporting
results of microbial tests, identifying emerging
foodborne pathogens, estimating the annual inci-
dence of acute and chronic complications assaci-
ated with foodborne pathogens, identifying the
foods with which various pathogens are associat-
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ed, and identifying contributing risk factors. The
federal government (especially the FDA, USDA,
and CDQC) also has a role in research and methods
development to facilitate scientifically based en-
forcement strategies and to maintain first-hand
knowledge of the latest scientific developments.
Agencies (e.g., state and local) and universities
also have contributed to identifying emerging
foodborne pathogens.

To facilitate the scientific basis of hazard analy-
ses and risk assessments (either qualitative or
gquantitative), both industry and government
have critical roles in finding innovative solutions
to create databases for use by all researchers and
policy makers.

When considering new regulations, the cost of
implementing regulations should be considered,
along with the efficacy of pathogen control to en-
courage the most cost and public health-beneficial
options.

There are different views about the most cost-
beneficial interventions, depending on whether
the perspective is that of a consumer, taxpayer,
society-at-large, regulator, lawyer, food producer,
foed retailer, or a firm conducting microbial tests.
The CAST authors advocate that the approach
taken by government regulators at the federal,
state, county, and local levels is that which is best
for society in terms of most effectively protecting
public health in a cost effective manner.
Existing industry and government HACCP guide-
lines can be improved by acknowledging that

+ HACCP is not a panacea; for example, it will
not detect emerging hazards and no minimal
level of safety is guaranteed,

* detecting “deviations” from a HACCP plan and
taking corrective action is a sign that the
HACCP plan ig working, because “things will

10.
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go wrong” whether they be flukes of nature or
equipment breakdowns (although deviations
should go down over time);

¢ HACCP approach is a dynamie process, and re-
finements and adjustments will continually
need to be made in HACCP plans as new food-
borne hazards are detected, formulae or reci-
pes are modified, ingredients come from differ-
ent sources, equipment is added, processes are
modified, or new scientific advances are incor-
porated into process-control technologies;

*« HACCP systems should focus on safety and ex-
clude quality-control processes to maintain the
focus on truly critical safety control measures;

s TTACCP control options should draw on the
best models in reliability engineering and else-
where that other industries have used to eval-
uate process-control systems; and

+ pxtensive work is needed to provide small
firms with the resources needed to develop,
implement and maintain effective HACCP
plans.

Essential to the success of food safety are im-
proved communications and information sharing
among all parties. For example, efforts to imple-
ment HACCP are enhanced by enlisting the aid of
personnel, short courses, and information from
Extension, State Departments of Agriculture, the
International HACCP Alliance, scientific societies
(such as the Institute of Food Technologists [IFT],
the International Association of Milk, Food and
Environmental Sanitarians {TAMFES)), the Na-
tional Advisory Committee on Microbiclogical
Criteria for Foods, the International Commission
on Microbiological Specifications for Foods (IC-
MSF), and others along with the activities of reg-
ulatory agencies, consumer groups, and industry
and their trade associations.
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Production Control

Recommendation 14": Harmonize International Food
Safety Standards

Increases in global trading of food have led to the
increased need to consider the differences in food
safety standards among countries. These differences
are justified when they address food safety hazards
that are unique to different regions or susceptible
populations, but should not be used to erect barriers
to trade that cannot be justified scientifically. We rec-
ommend that food safety standards be, to the fullest
extent possible, harmonized internationally based on
achievement of equivalent levels of consumer protec-
tion or risk control.

Current Status

This is a new recommendation that has been add-
ed to reflect the importance of and attention to inter-
national free trade, where food safety has and will
continue to serve as a nontariff trade barrier.

'This is a new recommendation.

We recognize each country retains its sovereign-
ty to protect its citizens from hazards in the food
supply, regardless of whether those hazards are
microbial, chemieal, or physical. National food
safety standards that are more stringent than are
international standards (e.g., standards devel-
oped by Codex Alimentarius) must be pertinent.
to realizing a scientifically justified public health
objective.

Public health protection must be the principal un-
derlying initiatives to harmonize food safety stan-
dards internationally.

Production and processing requirements should
be flexible, as long as an equal level of protection
can be demonstrated.

Equivalence should be based on determining
equal levels of consumer protection between trad-
ing partners, with consideration given to region-
al and technological production, processing, and
distribution practices.
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Education

Recommendation 15" Educate the Public
and Food Safety Professionals

We recommend that the public be well educated
regarding safe food handling and riska of foodborne
illness. Knowledge of the motivation of people to de-
crease these risks and effective risk communication
will be requisite to effective education. The effective-
ness of messages to consumers and other food han-
dlers should be measured and evaluated. We recom-
mend increased support of higher education for food
safety professionals. This recommendation is expand-
ed from Recommendation 15 of the original report.

Current Status

Many food safety education messages are sent to
the publie, consumers, and other food handlers; yet
for effective communiecation these messages must be
received. Furthermore, to improve food safety, the
information must result in altered behavior on the
part of the consumer, purchaser, and/or preparer. A
variety of messages have been sent by various means
(e.g., television, food labels, magazine articles, train-
ing materials) in the hope that some will be effective.
Some undoubtedly are effective, but knowledge is
laclding as to the effectiveness of the educational tools.
Furthermore, the multitude of messages complicates
the educational mission.

1. Food safety information must compete effective-
ly with other communieation messages in the
marketplace. Thus, an understanding of commu-
nication of food safety information (both the spe-
cific message and delivery system) with consum-
ers and food handlers is needed to obviate the
current perceived need to provide blanket cover-
age by all possible means as frequently as the
opportunity presents itself. This will necessitate
that food safety specialists collaborate with com-
munications specialists.

2. Toimprove food safety, the educational message
must result in behavior modification that de-

1Update for Recommendation No. 15 in Council for Agrienltural
Science and Technology, 1994, See Apppendix C.

creases foodborne illnesses; thus, knowledge of
the public’s (consumers, purchasers, and prepar-
ers) behavior and attitudes about foodberne haz-
ards and risk-taking will be needed. This will ne-
ceasitate that food safety specialists collaborate
with those knowledgeable in human behavior and
behavior modification through education.
Effective education will require information on
existing knowledge and behavior of the public
and food safety professionals; developing and
testing messages and symbols; testing the effec-
tiveness of various delivery systems (e.g., package
labels, teachers/classrooms, the Internet, newspa-
per articles, labels on foodservice menus, videos,
or other systems); evaluating the most effective
age to target; understanding the motivation re-
quired by the public, consumers, or food safety
professionals to alter behavior; and other similar
fundamental information.

Develap an overall coordinated strategy to reach
all appropriate and receptive audiences (e.g., gen-
der, age, health status) with relatively few simple
messages designed to have the greatest impact on
improving food safety based on scientific determi-
nations.

The effectiveness of the educational message to
the public, consumers, and food safety profession-
als should be scientifically measured and evalu-
ated in controlled experiments and surveys.
Educational programs developed jointly by gov-
ernment, the food industry, marketing boards,
food associations, consumer organizations, and
professional societies should be encouraged in a
coordinated, collaberative effort. One current ex-
ample is the Partnership on Food Safety Educa-
tion developed by industry, consumer associa-
tions, and government with funding provided by
the food industry. The resulting “FightBac” cam-
paign is based on four simple, effective messag-
es—washing hands thoroughly, cooking food to
the appropriate temperature, refrigerating foods
immediately after use, and keeping foods sepa-
rate. Pending better knowledge related to com-
munications and behavior modification, it is rec-
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ommended that these four messages be repeated,
using the same symbols and wards, in other food
safety campaigns. They also should appear on
food packages, at point of sale, in restrooms,
wherever food iz prepared and served, in food ad-
vertising, and in education materials for schools.
It is further recommended that a joint govern-
ment-industry funding effort be developed to re-
peat these messages frequently in extensively
read print media, and on radio and prime viewing
times on television.

Education at the primary and secondary school
level reaches three audiences—the teacher, the
children, and, indirectly, their parents. Therefore,
elementary, middle, and high school educators
should be encouraged to recognize that lessons
relative to safe food handling provide valuable
lifelong sldlls and are appropriate to incorporate
into science, health, and home economics curric-
ula.

29

Messages should emphasize that all consumers
are not equally susceptible to food safety risks,
and the programs (including studies on effective
communication and behavior modification strat-
egies) should include components that are specific
for targeted high-risk populations and their care-
takers, those who consume high-risk foods, and
those who prepare food under conditions where
outbreaks have previously occurred {e.g., home
catering, barbecuing, picnics, food service, prep-
aration, and catering).

We recommend increased support of higher edu-
cation for food safety professionals. This includes
both funding for undergraduate and graduate
programs, as well as additional support for con-
tinuing education programs. For example, the
call for increased use of risk assessment means
that we need to train people to be able to accom-
plish the task.
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Education

Recommendation 16" Identify High-Risk Populations
and Provide Education

We recommend that populations at high risk of ill-
ness caused by common and opportunistic pathogens
be identified, and that special educational programs
be tailored to inform these populations and their care-
takers of their high-risk status so those at risk can be
protected.

Current Status

Although some high-risk populations are known
and may be reasonably knowledgeable of their risk
status, other high-risk populations and individuals
are poorly informed. Undoubtedly, there is more to
learn about populations at elevated rigk for selected
disease; in particular, little is known about relative
risk status for chronic foodborne disease. Several ap-
proaches are needed to increase our knowledge in this
area.

1. Effective educational programs are essential (see
Recommendation 15), especially for high-risk
populations or their caretakers. For high-risk
populations, education should include the medi-
cal profession and employ its educational means,
e.g., publications, to target the elderly, cancer pa-
tients, parents of infants and young children,
pregnant women, and other immunosuppressed
populations. While there have been efforts to de-
velop educational programs for the general pub-
lie, an organized national campaign that effec-

"Update for Recommendation No. 10 in Council for Agricultural
Science and Technology, 1994, See Appendix C,

tively communicates food safety information to
high-risk populations and health care providers is
needed.

Rigorous epidemioclogic studies are required to
identify populations at high risk for specific
pathogic, toxic, and viral agents, or other food-
borne hazards. Subpopulations can be at high
risk because their activities, eating habits, or food
preferences increase their likelihood of exposure;
their underlying medical condition or age may
make them more likely either to become ill follow-
ing exposure or to suffer serious disease conse-
quences; or their lack of access to medical care
{e.g., the haomeless) may increase the risk of dis-
ease progression. Several data sources such as
FoodNet can improve our understanding and
identification of high-risk populations, and better
data are being provided in response to addition-
al resources that are part of the National Food
Safety Initiative and other funding programs.
Population surveys being conducted at FoodNet
sites and as a part of the national Behavioral Risk
Factor Surveys are identifying demographic char-
acteristics of persons whose activities and food
preferences put them at elevated or lower risk of
exposure to foodborne hazards. Case-control stud-
ies in outbreak settings and of sporadic cases in
FoodNet and other active surveillance settings
will identify physiologic states associated with in-
creased risk of infection and increased risk of se-
rious illness, long-term sequelae, and death due
to foodborne illnesses.

Easy methods for assessing the immune status of
individuals in outhreak investigations/surveys
should be developed.
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Recommendation 17': Provide Risk Information
Relative to Food Choices

We recommend that consumers be allowed access
to the widest possible range of food choices yet be in-
formed of the relative personal risk status of the
foods. For example, if the consumer is pregnant;
young; elderly; a cancer or acquired immune deficien-
ey syndrome (AIDS) patient; a transplant recipient;
taking steroids, antibiotics, antacids, or certain oth-
er medications; under high stress; or has certain oth-
er conditions, the person’s immune system may be al-
tered or depressed so that the individual has
enhanced disease susceptibility. Persons with en-
hanced disease susceptibility would be at increased
risk of acute as well as chronic foodborne illnesses
and need to be more aware of the hazards that may
be associated with consumption of various types of
foods. This means that not all foods will be appropri-
ate for all consumers.

Current Status

This recommendation was originally included, and
is included now, to acknowledge that there are risks
in food selection and consumption and that the risks
vary with the individual. Most consumers want the
widest possible range of choice in food products, but
often do not have information about the rizks associ-
ated with a particular food product. Consumers desire
choices and the freedom to make them, thus the risk
associated with the choice must be made clear. It
would be inappropriate to treat all food as though it
is intended for consumption by a particular high-rislk
population as this excessively and unnecessarily lim-
its choice.

1. Foods from local, national, and international
sources should meet agreed-upon food safety cri-
teria (see Recommendation 14).

2. All consumers and caregivers, and particularly
those at high risk of foodborne disease because of

Update for Recommendation No. 11 in Council for Agrieultural
Seience and Technology, 1994, See Appendix C.

age or health status, should be educated about
hazards associated with food choices and mea-
sures to eliminate, prevent, or decrease the haz-
ard. Clearly, consumer education (see Recom-
mendation 15) relative to safe food handling and
preparation is important when choice is available,
given that choice would include raw and pro-
cessed fruits and vegetables and muscle foods,
and would include exotic foods for which safe
handling practices may be unfamiliar to the indi-
vidual.

Processing or cooking to enhance safety has been
required for certain fooda with documented suc-
cess in limiting the spread of disease (e.g., pas-
teurization of milk, use of pasteurized milk for
cheese manufacturing, and the requirement for
thorough cocking of hamburgers served in food
service establishments) and should be considered
for other foods (e.g., pasteurization of apple juice,
oysters, or eggs for food service could be options)
where there is a clearly established link between
Iack of heating or other processing and disease.
For example, pasturized eggs are required for
nursing homes (U.S. Food and Drug Administra-
tion, 1997).

The food service and processing industries have a
responsibility to take precautions to protect high-
risk populations from known hazards by use of
pasteurization, proper cooking and handling, and
other interventions applicable to the product.
Primary producers (e.g., growers, harvesters, and
others) also have a responsibility to minimize con-
tamination to the extent possible for their prod-
uct, thereby decreasing the potential for sale of
contaminated product. Government, industry,
and academia should collaborate to develop ap-
propriate risk-decreasing technologies and good
agricultural practices (GAPs) for voluntary imple-
mentation.

Consumer choice is expanded if low-risk food
products are identified with a label that creates
real, informed choice (see Recommendation 18). If
consumers can identify low-risk products, they
are more likely to buy a low-risk product if they
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wish to prepare a high-risk recipe (such as light-
ly cooling eggs or meat), if they are at high risk
of contracting a foodborne illness, or if they are
risk avoiders. Because of the potential for in-
creased sales for low-risk products, food compa-

Education

nies have an increased incentive to invest in re-
search to find new methods of producing safer
foods. Reliable and consistent labeling standards
will be critically important to consumer protec-
tion and to consumer confidence.
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Recommendation 18" Use and Evaluate Food Labeling

We recommend that labeling be used to communi-
cate safe food preparation and storage practices to
food preparers. Labeling also may be an important
informational tool to identify foods treated to improve
their level of safety and to identify foods that pose
elevated risk. Furthermore, we recommend that the
use of Iabeling be evaluated for its effectiveness.

Current Status

This is & new recommendation. Since the last re-
port, safe food handling labels have been required on
raw meat and poultry by the Food Safety and Inspec-
tion Service (FSIS).

1. Labeling certain raw foods regarding proper stor-

age and food preparation methods (such as cook-
ing, prevention of cross-contamination, and hand

"This is & new recommendation.

washing) is helpful to consumers and can en-
hance food safety. Instructions should be clear
and offer specific actions for consumers and com-
mercial food handlers.

Scientific research on alternative label contents
should be conducted to determine their effective-
ness in changing the behavior of consumers and/
or commercial food handlers,

Current safety certification programs by the EPA
{for water purifiers) and the FSIS (for processes
in meat and poultry slaughter and processing
that “significantly reduce pathogens”) could be
used as models for consumer level food safety cer-
tification programs. Certification could include
certifying safer food products or certifying instru-
ments such as food, oven, and refrigerator ther-
mometers or timers that are used by consumers
to handle foed. Such certification needs to be sci-
entifically validated.

The use of warning labels should be limited to
food systems where no other critical control
points will be applied.
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BSE
CAST
ChC
CEREES

EPA
DA
SIS
GAP
GMP
HACCP

Appendix A: Acronyms and Abbreviations

acquired immune deficiency syndrome
Agricultural Research Service

bovine spongiform encephalopathy

Couneil for Agricultural Seience and Technology
Centers for Disease Control and Prevention
Cooperative State Research, Education, and Exten-
sion Service

U.S. Environmental Protection Agency

U.S. Faod and Drug Administration

TFood Safety Inspection Service, USDA

good agricultural practice

good manufacturing practice

Hazard Analysis Critical Control Point
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IAMFES

ICMSF

IFT
NACMCF

NAHMS
NFSI
NIH
NERI
USDA

International Association of Milk, Food and Environ-
mental Sanitarians

International Commission on Microbiological Speci-
fications for Foods

Institute of Food Technologists

National Advisory Commiitee on Microbiological
Criteria for Foods

National Animal Health Monitoring System
National Food Safety Initiative

National Institutes of Health

National Rezearch Initiative

United States Department of Agriculture
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Codex Alimentarius Commission (Codex), The major inter-
national mechanism for encouraging fair international trade
in food while promoting the health and econemic intersts of
consumers. Visit their web site for further information:
http/www.Isis. usda.gov/OA/codex/index. htm. E-mail address
is USCODEX®@aol.com.

Consequence. An outcome produced by a cause or something
produced by a cause (hazard) or something necessarily fol-
lowing from a set of conditions (hazard). This can result in
colonization, infection, intoxication, morbidity of varying de-
grees of severity, sequelae, carrier state, injury or mortality
and accompanying expenses associated with treatment, loss
of work or social time, investigation of the associated incident,
recalls, food destruction, loss of future sales, and deteriora-
tion of product reputation.

Control’. (a) To manage the conditions of an operation to main-
tain compliance with established criteria. (b) The state in
which correct procedures are being followed and eriteria are
being met.

Control measure®. Any action or activity that can be used to pre-
vent, eliminate, or decrease a significant hazard.

Control point?, Any step at whieh biological, chemieal, or physi-
cal factors can be controlled.

Corrective action®. Procedures followed when a deviation occurs,

Criterion®. A requirement on which a judgment or decision can
be bazed.

Critical Control Point®. A step at which control ean be applied
and is essential to prevent or eliminate a food safety hazard
or to decrease it to an acceptable level.

Critieal Limit’. A maximum and/or minimum value to which a
biological, chemieal, or physical parameter must be eontrolled
at a critical control point to prevent, eliminate, or decrease
to an acceptable level the occurrence of a food safety hazard.

Deviation®, Failure to meet a critical limit.

Dose-response assessment?, The determination of the relation-
ship between the magnitude of exposure {dose) to a chemi-
cal, biologieal, or physical agent and the severity and/or fre-
quency of associated adverse health effects (response).

Exposure agsessment?. The qualitative and/or quantitative eval-
uation of the unlikely intake of biological, chemical, and phys-
ical agents via food as well as exposures from other sources
if relevant.

$Codex Alimentarius Commission. 1897. Reporé of the Thirtieth
Session of the Codex Commission on Food Hygiene, ALINORM 99/
13. Codex Alimentarius Commission, Rome. Note that these are
draft definitions and that other Codex commitiees may use differ-
ent definitions. National Advisory Committee on Microbiological
Criteria for Foods. 1998. Hazard Analysis and Critical Control
Point Principles and Application Guidelines..f Food Prot 61(6):762-
775,
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FightBac. National food safety education campaign jointly con-
ducted by industry, consumer, and government representa-
tives, Visit their Web site for further information: http://
www.fightbac.org.

Foodborne disease outbreak., An incident in which persons
experience a similar illness resulting from the ingestion of a
common food,

FoodNet. FoodNet was established in 1995 in Minnesota, Ore-
gon, and selected counties in California, Connecticut, and
Georgia. The system is a collaborative project of the Centers
for Disease Contral and Prevention (CDC), the USDA's Food
Safety and Inspection Service, the Food and Drug Adminis-
tration, and the participating sites. The goals of FoodNet in-
elude determining the burden of foedborne illness, monitor-
ing trends in fondborne illness over time, and identifying the
proportion of faedborne illness due to eating specific foods.

Hazard®. A biological, chemical, or physical agent that is reason-
ably likely to cause illness or injury in the absence of its con-
trol.

Hazard analysis®. The process of collecting and evaluating in-
formation on hazards associated with the food under consid-
eration to decide which are significant and must be addressed
in the HACCP plan.

Hazard Analysis Critical Control Point (HACCP)", A system-
atic approach to the identification, evaluation, and control of
food safety hazards based on the following seven principles:
(1) conduct a hazard analysis, (2) determine the critical con-
trol points (CCPg), (3) establish critical limits, (4) establish
monitoring procedures, (5) establish corrective actions, (6)
establish verification procedures, (7) establish record-keep-
ing and decumentaion procedures.

Hazard Analysis Critical Control Point Plan®. The written
document that is based on the principles of HACCP and that
delineates the procedures to be followed.

Hazard Analysis Critical Control Point System?. The result
of the implementation of the HACCP plan.

Hazard characterization®. The qualitative and/or quantitative
evaluation of the nature of the adverse health effects associ-
ated with the hazard. For the purpose of Microbiological Risle
Assessment, the concerns relate to microorganisms and/or
their toxins.

Hazard identification®. The identification of biclogical, chemi-
cal, and physical agents capable of causing adverse health
effects and which may be presentin a particular food or group
of foods,

Healthy People 2000. A prevention agenda to improve the na-
tion's health. Visit their web site for details: hitp://
web.health.gov/healthypeople.

Monitor®, To conduct a planned sequence of observations or mea-
surements to assess whether a critical control point is under-
control and to produee an aceurate record for future use in
verification.

National Animal Health Monitoring System (NAHMS), The
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USDA’s Animal and Plant Inspection Service (APHIS) data
eollection program on farm animals. Visit their web site for
further information: http://www.aphis.usda.gov/ivs/ceah.

National Food Safety Initiative (NFSI), A joint program of the
U.5. executive branches (Food and Drug Administration,
Department of Agriculture, Centers for Disease Control and
Prevention, Environmental Prevention Agency) outlined in
the May 1997 report to the President with an ongoing and
developing research agenda for improving foodborne disease
surveillance, risk assessment of farm-to-table interventions,
consumer education, ete, Visit their web sites for further infor-
mation: http://vm.cfsan.fda.gov/~dms/fsreport.html and
http:/frm.cfsan.fda.gov/~dms/fs-toc.html#coord.

Prerequisite Programs®. Procedures, including Good Manufac-
turing Practices, that address operational conditions provid-
ing the foundation for the HACCP system.

Qualitative risk assessment?, A risk assessment based on data
which, while forming an inadequate basis for numerical risk
estimations, nonetheless, when conditioned by prior expert
knowledge and identification of attendant uncertainties, per-
mits risk ranking or separation into descriptive categories of
risk.

Quantitative risk assessment?, A risk assessment that provides
numerical expressions of risk and indication of the attendant
uncertainties (stated in the 1995 Expert Consultation defini-
tion on Risk Analysis).

Risk®. A function of the probahbility of an adverse health effect and
the severity of that effect, consequential to a hazard(s) in foad.

Risk analysis’. A process consisting of three components: risk
assessment, risk management, and risk communication.

Risk assessment®. A scientifically based process consisting of the
following steps: (i} hazard identification, (ii) hazard charac-
terization, (iii) exposure assessment, and (iv) risk character-
ization.

Risk characterization® The process of determining the quali-
tative and/or quantitative estimation, including attendant
uncertainties, of the probability of oceurrence and severity of
known or potential adverse health effects in a given popula-
tion based on hazard identification, hazard characterization,
and exposure assessment.

Appendix B: Glossary

Risk communication®. The interactive exchange of information
and opinions concerning risk among risk assessors, risk man-
agers, consumers, and other interested parties.

Risk estimate’. Qutput of risk characterization.

Risk management”. The process of weighing palicy alternatives
in the light of the results of risk assessment and, if required,
selecting and implementing appropriate contral options, in-
cluding regulatory measures.

Sensitivity analysis®. A method used to examine the behaviour
of a model by measuring the variation in its outputs result-
ing from changes to its inputs,

Severity. The magnitude of the hazard or the degree of conse-
quences that can result when a hazard exits. It relates to the
outcome of the hazard ifit is not prevented or controlled and
from a disease perspective can he life threatening, severe,
moderate, or mild, Therefore, severity relates to dose and host
response. It also considers the steps in the process that the
hazards are occurring and relates to (1) initial populations of
pathogens; (2) concentrations of toxie chemicals; (3) size or
numbers of physical substances; (4) whether a process result-
ed in inactivation, injury, or survival; and (5) the population
ar coneentration that resulted from propagation.

Severity’. The seriousness of the effect(s} of a hazard,

Step”. A point, procedure, operation, or stage in the food system
from primary produetion to final consumption.

Transparent’. Characteristics of a process where the rationale,
the logic of development, constraints, assumptions, value
judgments, decisions, limitations, and uncertainties of the
expressed determination are fully stated, documented, and
accessible for review.

Uncertainty analysis®. A method used to estimate the uncertain-
ty associated with model inputs, assumptions, and structure/
form.

Validation® That element of verification focused on collecting and
evaluation scientific and technical information to determine
whether the HACCP plan, when properly implemented, will
effectively control the hazards.

Verification®. Those activities, other than monitoring, that de-
termine the validity of the HACCP plan and that the system
is operating according to the plan.



Appendix C: Original 1994 Findings, Recommendations,
and Recent Comments

Charge to the Task Force

In 1983, the National Research Council (NRC) rec-
cmmended that risk assessment procedures be ap-
plied to strengthen the
scientific hasis of risk
decisions within the
government. Risk as-
sessment, risk man-
agement, and risk
communication are
the three components
of risk analysis. In
1985, the NRC recom-
mended that microbial
pathogen risk assess-
ment be the founda-
tion for the nation’s
meat and poultry in-
spection system. In
1989, the Council for Agricultural Science and Tech-
nology (CAST) created a task force to determine the
state of knowledge about U.S. foodhorne disease
risks. Recently several groups have emphasized the
need for foodborne disease risk assessment, and im-
provements based on a risk assessment approach
have heen proposed (Bromley, 1993; Hathaway, 1994;
U.S. General Accounting Office, 1992).

The CAST task force framed the issue by address-
ing the following questions:

*  What types of human health risks are associated
with microbial pathogens in food?
¢  What foods harbor these pathogens and are the
causes of human disease?
* How many acute microbial foodborne illnesses
and deaths occur annually?
* How many chronic human illnesses and deaths
are caused by foodborne pathogens?
‘s What are the economic costs of these foodborne
diseases annually?
*  Are risk assessment databases adequate or are
improvements needed to reduce uncertainty
about the incidence of acute and chronie food-
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borne diseases?
What preventive actions will reduce the incidence
and severity of microbial foodborne disease?

Task Force Findings

A comprehensive system of assessing the risks of
human illness from microbial pathogens in the
food supply has yet to be devised.

* The Centers for Disease Control and Preven-
tion’s (CDC) foodborne surveillance system is
limited by the data it receives from state de-
partments of health and other sources and
thus reports only a fraction of foodborne dis-
ease outbreales.

e In 1994, the Council of State and Territorial
Epidemiologists pointed out that final deci-
sions regarding foodborne disease surveillance
are made by each state and that 12 states have
no surveillance staff assigned to monitor food
related or waterborne pathogens; thus, out-
breaks are unlikely to be reported from these
states.

* The last systematic CDC study to estimate the
actual incidence of foodborne baeterial, viral,
and parasitic infections was conducted in 1983
and relied greatly on expert judgment (Ben-
nett et al., 1987; Voelker, 1994). A new study is
needed urgently.

* Trends in the CDC’s reported foodborne out-
breaks may not reflect changes in actual cases
accurately. New pathogens always are under-
reported because testing procedures are non-
standardized or have not been developed, or
because doctors tend to request tests for famil-
iar pathogens. For Campylobacter jejuni, the
causes of reported outbreak cases and of spo-
radic cases not reported but detected by special
investigations differ. Similar differences may
exist for other pathogens.

* For some illnesses, it may take thousands of
cases for an outbreak causing diarrheal illness
randomly in a large urban area to be detected
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by public health authorities (Berkelman et al.,
1954).

* Any assessment based solely on currently
lmown pathogens and disease syndromes like-
Iy is incomplete. New etiologies continue to be
added as the science base expands, but nearly
half of the recorded outbreaks and cases still
are of unknown etiology (Bean et al., 1990a,
1990b).

Although the microbial foodborne disease burden
of the United States is not known with accuracy,
estimates from the literature indicate and the
general consensus of CAST task force members is
that cases likely range from 6.5 million to 33 mil-
lion annually and that deaths may be as high as
8,000 annually (the CDC estimates that there are
9,000 microbial foodborne deaths annually).
Although foods of animal origin most often are
identified as the vehicles of foodborne disease out-
breaks reported to the CDC, a wide variety of
foods are associated with foodborne iliness (Bean
et al., 1990a, 1990b).

No agreed-upon method for setting food safety
priorities exists, The U.5. Health and Human
Service’s Healthy People 2000 report used, with-
out a clear definition, both case number and se-
verity to set targets for Campylobacier jejuni, Es-
cherichia coli O157:H7, Listeric monocytogenes,
and Salmonello enteritidis (U.S. Department of
Health and Human Services, 1991).

It is difficult to use available statistics, which are
based on all routes (including nonfoodborne) of in-
fection or intoxication, to identify the foodborne
component of total human illness.

Pathogens and their toxing can enter the food
chain at any point from the farm to the kitchen.
Pathogens or toxins may be present on raw food-
stuffs or may be introduced into the food by con-
tamination in the postharvest environment, e.g.,
by processing plant workers ar by foodhandlers.
The ability to survive, to grow, and to produce
toxin and the persistence of active toxins are con-
sequences of organism, environment, and treat-
ment process. Thus, methods to prevent or to con-
trol pathogens differ and may involve excluding
contaminated feed and food ingredients, practic-
ing good sanitation, refrigerating, cooling, or ir-
radiating. Control methods affect specific patho-
gens and toxins differently; no one method will
eliminate all pathogens and their toxins from the
food chain. Pathogens or their toxins may be con-
trolled by preventing their entry into the food, by

reducing the amount present, or by destroying
that which is present.

Application of hazard analysis critical control
point (HACCP) systems can reduce the likelihood
of foodborne illness. Control systems must recog-
nize the diversity and the variability of patho-
gens, the vagaries of detection, and the wide
range of control options. The cost and efficacy of
HACCP systems differ considerably, and creative
solutions may be pathogen-specific. In each in-
stance, the efficacy of a HACCP system depends
on the rigor and consistency with which it is de-
signed and implemented and the use of (a) criti-
cal control point(s) that will control pathogens.

Task Force Recommendations
The task force acknowledges that zero risk of food-

borne illness is neither possible nor practical. We of-

fer the following recommendations for reducing food-
borne illness.

1

We recommend that food safety policy be
based on risk assessment using all available
data for acute and chronic foodborne disease.
We recommend that the food safety infor-
mation database be expanded to provide more
complete information on the incidence of food-
borne disease by pathogen and by food risk as-
sessment use. The database should be accessible
through a computer network to all potential users
{public health officials, regulatory authorities,
food companies, food safety scientists, and oth-
ers). The CDC should take the lead in creating
the new database with input from the Food Safe-
ty Inspection Service (FSIS); the U.S. Food and
Drug Administration (FDA); state departments of
health; and other individuals or organizations,
e.g., the database should include consumer illness
complaints and survey data, This integrated da-
tabase would allow identification of the points at
which pathogens occur in the food chain and
would facilitate identification of pathogen control
points, estimation of control option costs, and
tracking of intervention success in terms of re-
duced human illness and death.

Recognizing that advances in Imowledge of food-
borne disease prevention and control are essen-
tial to advancing food safety, we recommend
that vigorous fundamental and applied re-
search efforts related to food safety be en-
couraged and supported. Research on the bi-
ology and the ecology of pathogens is especially
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important in areas such as microbial ecology of
pathogenic bacteria and viruses; genetic transfer
of virulence determinants; mechanisma of viru-
lence; potential of growth conditions to enhance
virulence; sensitivities of pathogens and toxins to
control procedures; activities and responses of
organisms in natural environments, e.g., biofilms
in processing facilities; and applications of cur-
rent technologies for tracking organisms in the
environment and in epidemiological investiga-
tions.

We recommend that new rapid, reliable,
sensitive, and economical methods continue
to be developed to allow fast and accurate
detection of hazardous organisms and their
toxins. This objective is especially important for
detection of viruses in food, environmental, and
fecal samples because viral detection methods are
inadequate,

We acknowledge that epidemiological studies to
link incidence of a foodborne pathogen to illness
will be increasingly important as detection meth-
od sensitivity for pathogens or for their toxins in-
creases, Therefore, we recommend continued
rigorous epidemiological studies to assist in
establishing cause of illness and effect of
the occurrence of a particular pathogen or
toxin.

We acknowledge that both dose response and
minimum infective or intoxicating dose are
difficult types of data to accumulate (because the
use of human volunteers is unacceptable) yet we
recommend that, to the extent possible, these
data and doses be determined or estimates
be improved using data from well-decumented
outbreaks.

We recommend that estimates of (a) num-
bers of acute illnesses, chronic illnesses,
and deaths; (b) costs of foodborne diseases;
(¢) severity of illnesses; and (d) duration of
chronic illnesses be improved.

We recommend that research be conducted
on the mechanisms of chronic illnesses with
which foodborne pathogens are associated, so
that appropriately targeted detection and control
strategies can be developed.

We recommend that research be conducted
to identify foods likely to be associated with
specific pathogens or toxins, i.e., high-risk
foods such as raw foods of animal origin, and to
establish risk minimization controls. Wheth-
er new processing methods create an environ-
mental niche for pathogens should be deter-

10,

1.

12.

13,

14.
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mined.

We recommend that populations at high
risk for opportunistic pathogens causing
acute or chronic illnesses be identified and
that special control programs be tailored to
inform these populations of their high-risk
status so that they can protect themselves. An
interactive computer database could be estab-
lished on Internet to list foods likely to harbor the
pathogen of interest, to improve understanding of
the safest handling and preparation procedures
far specific foods, and to help high-risk popula-
tions select optimal food/zafety combinations.
These populations may include persons with low
stomach acidity, high-iron blood level, or diabe-
tes; alcoholics; children; pregnant women; adults
gver 50 or 60; those with organ transplants, can-
cer, or acquired immunodeficiency disease syn-
drome (AIDS); or others. Educational strategies
must acknowledge that the risk status of individ-
uals is not constant.

We recommend that consumers be allowed
choices in the types of food available to them
yet be made aware of their relative risk status, in-
cluding their risks of acute as well as chronie ill-
nesses. It should not be required that all foods be
safe for consumption by high-risk consumers; this
would greatly limit food choices, e.g., to canned or
irradiated food, excluding fresh meat, poultry,
and seafood. Special federal programs could he
established to certify the safety of specific opera-
tions to produce foods for high-risk individuals;
these foods probably would be priced higher.
We recommend that federal food safety reg-
ulations and policies be modified to reflect
that zero risk of foodborne illness is not pos-
sible. This change will allow honest and effective
risk management.

We recommend that food safety goals and
priorities be set so that resources may be al-
located and targeted appropriately. Public
discussion and understanding of the costs and ef-
fectiveness of control measures will be requisite.
We recommend that control practices be
applied from food source to consumption,
including the incorporation of HACCP principles
from the farm or other source through consump-
tion. The HACCP systems provide a systematic
process-control approach focusing on food safety.
Development of new procedures to control food-
borne illness agents, as well as understanding of
existing control steps and control procedure costs,
should be encouraged so that proper and effective
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application is ensured. Controls for each food
pathogen combination should be evaluated sepa-
rately. New scientific advances should be incorpo-
rated into control practices.

15. Given that risk communication is critical because
zero risk 1s impossible, we recommend that the
public be well educated regarding safe food
handling and the relative and changing risk
status of individuals. Education is essential if
consumers are to protect their own health and to
recognize the political and regulatory complexi-
ties of the issue so that they can participate in
setting food safety goals. From grades K-12, sci-
ence education should be strong and education
concerning the hazards of foodborne diseases,
their causes, and their means of prevention
should be integrated into health and science cur-
ricula. Health agency personnel and university
outreach programs should inform consumers
about populations at risk for foodborne illness,
the relative safety of various food choices, safe
food handling procedures, appropriate control
gtrategies, and the relative effectiveness of con-
trols.

Recent Commenis

The CAST office has received many media requests
for information about the basis of the estimates of
foodborne illness cases and deaths. Kate Murphy
from Business Week called to verify the source of the
estimates of 6 million to 33 million illnesses and 9,000
deaths used by President Clinton in a radio broadcast
and reported by Marian Burros in The New York
Times, numbers that were cited in the CAST report
summary (Council for Agricultural Science and Tech-
nology, 1994, pp. 1, 4). These estimates, which were
based on existing scientific literature (Bennett et al.,
1987; Todd, 1989a, 1989b), continue to generate inter-
est and guestions in 1998. In a recent letter by CAST
task force cochair Dr. Tanya Roberts to the Columbia
Journalism Review (see CAST Web site, www.cast-
science.org), she quotes from page 1 of the 1994 CAST
report regarding the basis of the estimates of food-
borne illness cases and deaths:

. . . A comprehensive system of assessing the
risks of human illness from microbial pathogens
in the food supply has yet to be devised. Although
the microbial foodborne disease burden of the
United States is not known with accuracy, esti-
mates from the literature indicate and the gen-
eral consensus of CAST task force members is

that cases likely range from 6.5 million to 33
million annually and that deaths may he as high
as 9,000 annually. . ..

On August 7, 1998 to further clarify the matter,
Dr, Claire V. Broome, Acting Director of the Centers
for Disease Control and Prevention (CDC), wrotein a
letter to administrators of the Food and Drug Admin-
istration (FDA), the Food Safety Inspection Service
(F'SIS8), and the Environmental Protection Agency
(EPA):

Recent reports in Food Chemical News and
other print media suggest that the Centers for
Disease Control and Prevention (CDC) has re-
vised estimates of the burden of foodborne illness
and death and that recent FoodNet data demon-
strate a suhstantial decline in the incidence of
foodborne infections. These reports are inaccu-
rate and may have caused confusion. The follow-
ing information should clarify the status of efforts
underway at CDC to improve our understanding
of oceurrences of foodborne illnesses and indicates
the interagency collaboration involved in these
efforts.

In 1987, CDC used surveillance and outbreak
data, published reports, and expert opinion to es-
timate the overall incidence of illness and the
number of deaths caused by foodborne microor-
ganisms in the United States. The incidence of
symptomatic illness was estimated at 6.5 million
cases annually, with about 9,000 related deaths.
These estimates were published in a Carter Cen-
ter document, Closing the Gap: the Burden of
Unnecessary Iliness, and were part of the basis
for estimates published in 1994 by the Council for
Agricultural Science and Technology.

CDC has recently begun a multidisciplinary
effort to revise these national estimates for food-
borne illness. This is a complex process that will
draw upon new sources of data, including results
for active surveillance at FoodNet sites, as well as
sources used previously, and the revised esti-
mates will be accompanied by documentation of
all data sources and assumptions. Efforts cur-
rently underway involve CDC scientists from the
National Center for Infectious Diseases and the
National Center for Health Statistics. CDC will
seek input from its National Food Safety Initia-
tive partners at the Food and Drug Administra-
tion (FDA), the Environmental Protection Agen-
cy {EPA), and the Department of Agriculture
{USDA) as the process of revision proceeds. The
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revised estimates will not be available for sever- guired to further improve estimates of the burden
al months. While the data used for these esti- of illness caused by certain bacterial, parasitic,
mates will be greatly improved from those in the and viral foodborne pathogens. . . . (Broome,

1987 report, substantial future efforts will be re- 1998)
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