
Foodborne disease continues to be of major concern
to public health officials, food manufacturers,

academic researchers and consumer protection
groups worldwide. Foodborne disease remains a
significant cause of morbidity and mortality with-
in the United States and other countries. It has
been estimated that each year in the U.S. approxi-
mately 76 million people experience some form 
of foodborne illness.1 The Centers for
Disease Control and
Prevention (CDC), 

through its Emerging Infections
Programs, Foodborne Disease

Active Surveillance Network
(FoodNet), report that the
incidence of foodborne 
illness under surveillance in

the U.S. actually declined
from 1986 to 1999.2
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While this is a positive trend, major
foodborne outbreaks continue to occur
in the U.S. Examples include the 2002
recall of approximately 19 million lbs. of
raw ground beef that was linked to 28
cases of Escherichia O157:H7 illness; the
1998-1999 multistate listeriosis outbreak
linked to the consumption of hot dogs
from one manufacturer in which 21 indi-
viduals died and more than 200 fell ill;
and the 1997 hepatitis A outbreak among
school children in Michigan linked to the
consumption of imported frozen straw-
berries.3-5 Addtionally, during the past
decade, there has been a dramatic emer-
gence of foodborne microorganisms with
either newly acquired insidious attributes
or arising from new ecological niches that
make them particularly dangerous to sus-
ceptible human hosts. Examples of these
attributes include acid resistance in Esch-
erichia coli O157:H7, multiple antibiotic
resistance in Salmonella typhimurium DT
104, and the emergence of the parasite
Cyclospora cayetanensis. 

There are several key factors con-
tributing to the emergence of newly rec-
ognized foodborne pathogens or patho-
gens with newly acquired characteristics.
These factors include the globalization of
the food supply; the increase in at-risk
subpopulations, such as the elderly and
the immunocompromised; intensive ani-
mal husbandry and agricultural practices;
the trend toward highly centralized food
manufacturing; and the changing genet-
ics of the microorganisms themselves. 

It is clear that there is a need to reduce
the level of foodborne disease in the U.S.
It is also clear that there is a divergence of
opinion on the best approaches needed
to address this critical issue. There are few
reports in the literature that have
attempted to seek comprehensive input
from the various stakeholders across the
food safety continuum. Most of the
reports in the literature deal narrowly
with specific elements of the food safety
continuum such as future trends in rapid
detection methods or trends in food-
borne pathogens and antibiotic resist-
ance.6,7 One comprehensive study con-
ducted in 1983 sought to forecast trends
in food microbiology.8 This study sought
to achieve consensus among a 29-mem-
ber expert panel. The expert panel, how-
ever, did not represent all major stake-
holders such as food manufacturers, gov-
ernment regulators or consumer protec-
tion groups. It also did not focus on iden-
tifying differences among stakeholder
groups, but rather, sought to force con-
sensus. 

The intent of the current research

reported here is to help provide dialogue
on the best approaches for addressing the
complex issues surrounding the safety of
the U.S. food supply in a global econo-
my. It explores the divergence of opinion
among the major stakeholders and exam-
ines the gaps in our scientific knowledge
surrounding this issue. This study
includes input from all major stakehold-
er groups and identifies both areas of
agreement and areas of disagreement. It
does not attempt to force consensus, but
rather, serves as a basis for dialogue,
debate and understanding in the attempt
to gain consensus on the best approaches
to this critical public health problem.

Survey Design
The survey was divided into four sec-

tions. In Part I of the survey, respondents
were asked to indicate the extent to
which they agreed with a series of state-
ments on microbiological safety and the
food production chain. The respondents
were asked to mark each statement on a
five-point scale from “strongly disagree”
to “strongly agree.” 

In Part II of the survey, respondents
were asked to assign a priority ranking
from 10 to 1 (10 representing the highest
priority and one the lowest priority)
among 14 microbiological food safety
issues. Respondents also were asked to
rate their level of satisfaction for each of
the 14 statements on a scale of 1 to 5
(one representing “strongly dissatisfied”
and five representing “strongly satis-
fied”). 

Part III of the survey instrument cov-
ered weighted priority rankings. In this
section, each respondent was asked to

identify the importance of their priorities
by assigning a weighting among 10 food
safety items presented. They were given
100 points and asked to distribute the
points according to the weighting that
they believed to be appropriate. 

In Part IV of the survey, respondents
were asked to indicate any comments,
issues or other information they believed
to be pertinent to addressing the micro-
biological safety of the food supply.
Verbatim comments were recorded in
blinded fashion by stakeholder group
and food safety issue. The survey was
designed in a booklet format with a back-
ground information section asking the
contact information of the respondent
and the segment(s) of the food safety
chain in which the respondent is
involved.

Surveys were mailed to prospective
respondents with a cover letter explain-
ing its purpose. Respondents were asked
to complete the survey and return it by
an established deadline using a pre-
addressed, stamped return envelope.
Many respondents also were contacted
by telephone prior to mailing the surveys
in an effort to ensure a good response
rate. The survey did not address issues
related to food security such as inten-
tional contamination of the food supply
with biological agents. These were con-
sidered beyond the scope of this survey.

Survey Results and Discussion
Two hundred and thirty-one out of

360 surveys were received, constituting
an overall response rate of 64.2%. The
response rate by stakeholder group is
shown in Table 1. Table 2 lists the food

Table 1. Response rate by stakeholder group.

Stakeholder Surveys Percent
Group Rec’d/Total Response

Stakeholder Group Abbreviation Sent Rate

Industry: Large manufacturers ILM 52/70 74.3
Industry: Small to medium manufacturers ISM 9/25 36.0
Industry: Foodservice/catering/grocery/restaurant IFS 9/13 69.2
Supplier to industry SI 8/11 72.7
Academia A 57/75 76.0
Consumer protection organizations CPO 3/6 50.0
Government: FDA FDA 23/33 69.7
Government: USDA-FSIS FSIS 6/11 54.5
Government: USDA-ARS ARS 8/11 72.7
Government: CDC CDC 5/12 41.7
Government: State and local GSL 15/49 30.6
Independent organizations/

consultants/testing laboratories IOC 25/29 86.2
Trade organizations TO 11/15 73.3

TOTAL 231/360 64.2
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industry segments represented by the 61
large- and small- to medium-sized manu-
facturer respondents. The total survey
results contain 52,437 data points and
330 verbatim comments. Because of
space limitations, this discussion will

focus on Part III of the expert survey
instrument–Weighted Priority Rankings.
The mean percent weighted priority rank-
ings by issue for each stakeholder was
summarized and converted to relative
numerical weighted priority rankings.

Table 3 shows the numerical microbio-
logical food safety issue weighted priority
rankings summarized by each stakehold-
er group (1 = highest ranking, 10 = low-
est ranking). Table 4 shows these numeri-
cal rankings split into frequency top-five
and frequency bottom-five rankings
across stakeholder groups. Similarly,
Table 5 shows the numerical rankings
split into frequency top-three, frequency
middle-three, and frequency bottom-four
rankings across stakeholder groups. 

As shown in Table 4, there are some
clear distinctions based on frequency
top-five and frequency bottom-five rank-
ings. More consistent application of the
Hazard Analysis & Critical Control
Points (HACCP) protocol by industry
and government for assuring the safety of
the U.S. food supply is uniformly ranked
as a priority issue. The cooperative devel-
opment of a comprehensive kindergarten
to twelfth grade (K-12) food safety educa-
tion program by the federal government
and industry and increased focus on on-
farm practices for controlling foodborne
pathogens are the next highest ranked
priority issues (12 top-five rankings each).
Increased federal funding for food safety
research is the next highest ranked issue
with 11 top-five issues. The fifth highest
issue ranking is increased focus on the
microbiological safety of imported food
products with eight top-five rankings. All

Table 2. The survey received responses from 61 large and small- to medium-sized manufactur-
ers from 18 identified segments of the food industry. (Note: Of the eight suppliers to industry
responses received, seven are suppliers of microbiological test kits and equipment; two suppli-
ers provide cleaning and sanitation supplies; and two suppliers provide packaging
materials/technologies.)

Number of Percent of
Segment Manufacturers Total Segment

Beverages 42 10.0
Fruits and vegetables 20 4.7
Cereal/grain products 18 4.3
Baked goods 14 3.3
Dairy 78 18.5
Infant formula 2 0.5
Snack products/confections 21 5.0
Frozen dinners/appetizers 12 2.8
Refrigerated dinners/sandwiches/salads 8 1.9
Frozen pizza 8 1.9
Meat/poultry 79 18.7
Spices/flavorings/colors/vitamins 12 2.8
Shelf-stable dinners 7 1.7
Seafood products 7 1.7
Eggs/egg products 11 2.6
Condiments/sauces 18 4.3
Canned foods 17 4.0
Desserts-refrigerated/shelf-stable 48 11.4

Total 422

Table 3. Numerical microbiological food safety issue weighted priority rankings summarized by stakeholder group.
(Note: 100 points allocated among issues.) 

Issue ILM ISM IFS SI A CPO FDA FSIS ARS CDC GSL IOC TO

1. Increased focus on on-farm practices for 
controlling foodborne pathogens. 4 3 2 6 4 4 3 4 2 1 4 4 5

2. Increased focus on the microbiological safety 
of imported food products. 6 5 6 3 5 6 5 7 4 8 5 5 4

3. Increased federal food safety inspection programs. 9 10 7 10 9 1 6 8 9 9 9 10 10
4. Development of a comprehensive global 

foodborne disease surveillance network. 7 9 8 9 8 9 8 5 6 3 10 6 6
5. Cooperative development of a comprehensive 

K-12, food safety education program by the 
federal government and industry. 2 4 1 2 2 10 4 3 3 5 3 1 1

6. Increased federal funding for microbiological 
food safety research. 3 2 3 8 1 5 1 1 1 2 6 3 3

7. Increased investment to control microbial pollutants 
in U.S. surface and ground water supplies. 8 7 9 7 6 8 9 10 8 7 7 8 8

8. Development of food safety programs for smaller 
U.S. food manufacturers. 5 6 4 5 7 7 7 6 7 6 2 7 7

9. Increased use of microbiological finished 
product testing. 10 8 10 4 10 3 10 9 10 10 8 9 9

10. More consistent application of HACCP by 
industry and government for assuring the safety 
of the U.S. food supply. 1 1 5 1 3 2 2 2 5 4 1 2 2

Rankings by Stakeholder Group (1=highest, 10=lowest)
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other issues received more bottom-five
rankings than top-five rankings. Incre-
ased investment to control microbial pol-
lutants in U.S. surface and ground water
supplies received no top-five priority
rankings and increased federal food safe-
ty inspection programs received only one
top-five ranking.

Inspection of Table 5 shows that the
priority rank orders for the 10 issues does
not substantially change based on fre-
quency top-three, frequency middle-
three and frequency bottom-four rank-
ings. More consistent application of
HACCP by industry and government
and increased federal funding for micro-
biological food safety research are tied for
top priority with 10 top-three rankings
each. The cooperative development of a
comprehensive K-12 food safety educa-
tion program is the next highest priority
issue with nine top-three rankings.
Increased focus on on-farm pathogen
control is the fourth highest priority issue
with five top-three rankings and eight
middle-three rankings. By virtue of 10
middle-three rankings and one top-three
ranking, increased focus on the microbi-
ological safety of imported foods is the
fifth highest priority issue. 

Increased investment to control
microbial pollutants in U.S. surface and
groundwater supplies is still the lowest
priority issue with 12 bottom-four rank-
ings and zero top-three rankings.
Increased federal food safety inspection
programs and increased use of microbio-
logical finished product testing are the
next lowest ranked priority issues with 11
bottom-four rankings each and only one
top-three priority ranking each.

Table 3 shows some overall striking
differences in weighted priority rankings
among stakeholder groups. For example,
consumer protection organization
respondents list increased federal food
safety inspection programs as their num-
ber one priority. No other stakeholder
group has this issue higher than sixth on
their priority list. Conversely, consumer
protection group respondents are the
only stakeholder group to rank the devel-
opment of a comprehensive K-12 food
safety education program as their lowest
priority. All other stakeholder groups
rank this issue in their top-five rankings
and nine of 13 groups rank this issue in
their top-three rankings. Similarly, con-
sumer protection organization respon-
dents and supplier to industry respon-
dents rate increased use of microbiologi-
cal finished product testing in their top-
five rankings, while all other stakeholder
groups give this issue low priority.

Table 4. Overall numerical microbiological food safety issue weighted priorities (rank order)
summarized by top-five, bottom-five rankings across all stakeholder groups.

Frequency Frequency 
Issue Priority Rank Order Top-5 Priority Bottom-5 
(1= highest priority, 10= lowest priority) Ranking Priority Ranking

1. More consistent application of HACCP by industry and 
government for assuring the safety of the U.S. 
food supply. 13 0

2. Cooperative development of a comprehensive K-12, 
food safety education program by the federal 
government and industry. 12 1

3. Increased focus on on-farm practices for  controlling 
foodborne pathogens. 12 1

4. Increased federal funding for microbiological 
food safety research. 11 2

5. Increased focus on the microbiological safety of 
imported food products. 8 5

6. Development of food safety programs for smaller 
U.S. food manufacturers. 4 9

7. Development of a comprehensive global foodborne 
disease surveillance network. 2 11

8. Increased use of microbiological finished product testing. 2 11
9. Increased federal food safety inspection programs. 1 12
10. Increased investment to control microbial pollutants in 

U.S. surface and ground water supplies. 0 13

Table 5. Overall numerical microbiological food safety issue weighted priorities (rank order)
summarized by top-three, middle-three, and bottom-four rankings across all stakeholder groups.

Frequency Frequency Frequency 
Issue Priority Rank Order Top 3 Priority Middle 3 Priority Bottom 4 Priority  
(1= highest priority, 10= lowest priority) Ranking Ranking Ranking

1. More consistent application of HACCP
by industry and government for assuring 
the safety of the U.S. food supply. 10 3 0

2. Cooperative development of a 
comprehensive K-12, food safety 
education program by the federal 
government and industry. 10 2 1

3. Increased focus on on-farm practices 
for controlling foodborne pathogens. 9 3 1

4. Increased federal funding for 
microbiological food safety research. 5 8 0

5. Increased focus on the microbiological 
safety of imported food products. 1 10 2

6. Development of food safety programs 
for smaller U.S. food manufacturers. 1 6 6

7. Development of a comprehensive global 
foodborne disease surveillance network. 1 4 8

8. Increased use of microbiological finished 
product testing. 1 1 11

9. Increased federal food safety inspection 
programs. 1 1 11

10. Increased investment to control microbial 
pollutants in U.S. surface and ground 
water supplies. 0 1 12
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The CDC respondents and the U.S.
Department of Agriculture’s Food Safety
Inspection Service (USDA-FSIS) respon-
dents are the only stakeholder groups to
rank the development of a comprehen-
sive global foodborne disease surveil-
lance network in their top-five weighted
priority rankings. All other respondents
give lower relative priority to this issue.
The issue of developing food safety pro-
grams for smaller companies appears to
be a “second tier” priority item with one
top-three priority ranking and six middle-
three priority rankings. 

Overall Conclusions
Based on both top-five and top-three

weighted priority rankings across stake-
holder groups, there appears to be strong
support for the following issues as priori-
ty areas of focus:
• More consistent application of the

HACCP system by industry and gov-
ernment for assuring the safety of the
U.S. food supply.

• Cooperative development of a com-
prehensive K-12 food safety educa-
tion program by the federal govern-
ment and industry.

• Increased focus on on-farm practices
for controlling pathogens.

• Increased federal funding for microbi-
ological food safety research.

• Increased focus on the microbiologi-
cal safety of imported food products.
There also is support for the following

issue as a “second tier” priority issue
based on four of 13 stakeholder groups
ranking it in their top-five priorities and
seven of 13 stakeholder groups ranking it
in their top-six priorities:
• Development of food safety programs

for smaller U.S. food manufacturers.
There is little support across stakeholder
groups for the following issues:
• Increased investment to control

microbial pollutants in U.S. surface
and groundwater supplies.

• Increased federal food safety inspec-
tion programs.

• Increased use of microbiological fin-
ished product testing.

• Development of a comprehensive
global foodborne disease surveillance
network.
It appears that, if sustained focus and

attention are given to the top five issues
listed above, substantial progress could
be made in advancing the microbiologi-
cal safety of the U.S. food supply.
Continued dialogue is needed to under-
stand the major differences among stake-
holder groups on specific priority issues.
For example, consumer protection

organizations do not support increased
consumer education as a priority area,
while they are the only group that strong-
ly support increased federal food safety
inspection programs as a priority area.
Also, more discussion is warranted on
the polarizing issue of increased use of
microbiological finished product testing
as a means of assuring safety. Finally,
more dialogue is needed to understand
why most stakeholders do not rank the
issues of increased investment to control
microbial pollutants in U.S. surface and
groundwater supplies and the develop-
ment of a comprehensive global food-
borne disease surveillance network as
higher priorities. Both of these areas have
been the subject of much attention in the
scientific and popular literature. 

The World Health Assembly, which is
the supreme governing body of the
World Health Organization (WHO),
unanimously adopted a landmark food
safety resolution in May 2000.9 This res-
olution expresses deep concern that
foodborne illnesses associated with
microbial pathogens, biotoxins and
chemical contaminants in food represent
a serious threat to the health of millions
of people around the globe. It urged, inter
alia, the integration of food safety into
essential public health functions and that
member states “…provide adequate
resources to establish and strengthen their food
safety programmes…”. This historic resolu-
tion recognizes the global nature of food
safety issues and calls upon “…all stake-
holder—especially the private sector–to take
their responsibility for the quality and safety of
food production, including environmental
protection awareness throughout the chain
seriously…”. Thorough discussion by
stakeholders and timely action against
the information covered in this expert
survey instrument will help to achieve
the goals articulated in this historic
World Health Assembly resolution.
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