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Introduction: In the United States, foodborne infections cause an estimated 6.5–33 million illnesses a
year. Also included in the burden of foodborne illnesses are sequelae such as hemolytic
uremic syndrome, Guillain-Barré syndrome, and reactive arthritis. Surveillance for risky
food-handling and food-consumption practices can be used to identify high-risk popula-
tions, develop educational efforts, and evaluate progress toward risk reduction.

Design: In 1995 and 1996, Behavioral Risk Factor Surveillance System interviews of 19,356 adults in
eight states (1995: Colorado, Florida, Missouri, New York, and Tennessee; 1996: Indiana,
New Jersey, and South Dakota) included questions related to food-handling and/or
food-consumption practices. Risky food-handling and food-consumption practices were
not uncommon. Overall, 19% of respondents did not adequately wash hands or cutting
boards after contact with raw meat or chicken. During the previous year, 20% ate pink
hamburgers, 50% ate undercooked eggs, 8% ate raw oysters, and 1% drank raw milk. Men
were more likely to report risky practices than women. The prevalence of most risky
behaviors increased with increasing socioeconomic status.

Conclusion: Targeted education efforts may reduce the frequency of these behaviors. Periodic
surveillance can be used to assess effectiveness. In addition to consumer education,
prevention efforts are needed throughout the food chain including on the farm, in
processing, distribution, and at retail.

Medical Subject Headings (MeSH): food poisoning, behavior, demography (Am J Prev
Med 1999;16(3):216–221) © 1999 American Journal of Preventive Medicine

Introduction

Each year, foodborne diseases affect an estimated
6.5–33 million people in the United States,1 with
medical costs and productivity losses estimated

at $9.3 to $12.9 billion dollars.1 This burden of food-
borne illnesses includes several chronic sequelae such
as hemolytic uremic syndrome, Guillain-Barré syn-
drome, and reactive arthritis.2 Changes in population
demographics, the foods we eat, and where they come
from have facilitated the emergence of new pathogens
and food vehicles for their transmission, including
Salmonella serotype enteritidis in eggs, Escherichia coli
O157:H7 in ground beef and fresh produce, and
Campylobacter jejuni in raw poultry.2 Foodborne disease
prevention technologies include milk pasteurization,
sanitary controls on the farm, and Hazard Analysis and

Critical Control Point (HACCP) programs, industry
efforts to identify and control hazards in the food
chain.3 The National Food Safety Initiative (FSI), which
began in 1997, has focused attention on improving data
on how pathogens, foods, and people interact; devel-
oping coordinated regulatory responses; and establish-
ing a long-term strategy to address hazards in the food
chain.3 Development of consumer educational efforts
to promote safe food-handling and food-consumption
practices is an FSI priority.3,4 Behavioral surveillance is
used to develop targeted educational efforts and eval-
uate progress toward risk reduction.5–9 In this study, we
analyzed Behavioral Risk Factor Surveillance System
(BRFSS) data on risky food-handling and food-con-
sumption behaviors from interviews conducted in eight
states during 1995 and 1996.

Methods

BRFSS is a state-based telephone survey of adults that
uses random-digit dialing on the basis of either the
Waksberg or disproportionate stratified random sam-
ple method.10 In 1995, Colorado, Florida, Missouri,
New York, and Tennessee added to their BRFSS surveys
questions about food-handling and food-consumption
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practices. Respondents were asked about practices after
contact with raw meat or chicken, regarding (1) hand-
washing, and (2) cutting boards. Specifically, they were
asked, “Do you:” and were read four responses: “Con-
tinue cooking,” “Rinse and/or wipe (hands or cutting
board, respectively),” “Wash (hands with soap and
water or cutting boards with soap or bleach and water)”
then continue cooking, and “You don’t handle un-
cooked meat or poultry.” Practices defined as safe were
washing hands with soap and water and washing cutting
boards with soap or bleach and water before continuing
to cook. Respondents were also asked how often in the
previous year they ate hamburgers that were pink at the
center; undercooked eggs, and/or raw oysters, and
whether they drank unpasteurized milk. In 1996, Indi-
ana and New Jersey added these questions to their
BRFSS surveys and South Dakota added only questions
regarding consumption of undercooked hamburgers
and undercooked eggs to their BRFSS survey. Partici-
pants who responded “don’t know,” “not sure,” gave
unlisted responses, or refused to answer questions were
excluded from relevant analyses. The respondents’
counties of residence were classified as rural (,20,000
population), suburban (.20,000 population but not
urban), or urban (central counties in metropolitan
areas with populations of $1 million).11 Salary was
self-reported annual household income. Prevalences
and frequencies of risky behaviors were calculated
using Statistical Analysis System (SAS).12 SUrvey DAta
ANalysis (SUDAAN) was used to determine weighted
prevalences13 on the basis of respondent’s probability
of selection and age-, race-, and gender-specific distri-
butions of the 1990 census population.

Results

A total of 19,356 adults were interviewed: 2,461 in
Colorado; 3,335 in Florida, 2,212 in Indiana; 1,572 in
Missouri; 3,149 in New Jersey; 2,477 in New York; 2,110
in South Dakota; and 2,040 in Tennessee. Overall, 55%
of respondents were 30–59 years of age, 59% were
women, 80% were white, 52% had attended at least
some college, 48% reported household incomes
,$35,000, and 76% resided in urban areas. The Coun-
cil of the American Survey Research Organization
response rate was 64%.14

In this survey, 19% of respondents reported not
routinely washing their hands with soap after handling
raw meat or chicken. The prevalence of this risky
behavior varied from 15% in Tennessee to 23% in
Colorado (Table 1), was significantly higher for men
(25%) than women (14%), and declined with increas-
ing age (Table 2). In addition, the prevalence was
significantly higher for whites (19%) than blacks
(13%), and increased with increasing education and
increasing income.

Overall, 19% of respondents reported not routinely
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TABLE 2.

Demographic
characteristics

Food-handling behaviors Food-consumption behaviors

Not washing
hands with
soap after
handling
raw meat or
chicken

Not washing
cutting
surface with
soap/bleach
after using
it for
cutting raw
meat or
chicken

Eating pink
hamburgers

Eating
undercooked
eggs

Eating raw
oysters

Drinking raw
milk

(n 5 14,445) (n 5 13,364) (n 5 18,397) (n 5 18,562) (n 5 16,812) (n 5 16,846)
% % % % % %

Gender
Male 25a 27a 24a 54a 11a 2a

Femaleb 14 14 16 47 5 1
Age (years)

18–29 22a 26a 22a 49 10a 2a

30–59 20a 20a 22a 51 9a 1
>60b 13 13 13 49 4 1

Race/Ethnicity
Black 13a 17a 7a 40a 3a 1
Asian/Pacific Islander 20 26 14a 56 18a 3
Hispanic 19 20 14a 53 10 3a

Whiteb 19 20 22 51 8 1
Education

<High school 14a 14a 12a 50 4a 2a

High school 17a 18a 16a 51 5a 1a

College or moreb 21 21 24 50 11 1
Annual income

<15,000 15a 16a 12a 52 6a 2a

15,000–34,999 18a 19a 18a 52 6a 2a

35,000–49,000 21 23 22a 53 8a 1
>50,000b 23 22 29 51 13 1

County of residence
Rural 17 22 17a 56a 5a 2
Suburban/Small town 17 18 17a 51 6a 3a

Urbanb 19 19 20 50 8 1
Total 19 19 20 50 8 1
aSignificantly different from referent group, p , 0.05.
bReferent group.
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washing cutting boards with soap or bleach after cut-
ting raw meat or chicken. The prevalence of this
behavior varied from 16% in New Jersey to 28% in
Colorado and was 20% in Tennessee, where data were
available for approximately one half of respondents.
Age- and gender-specific prevalences were similar to
those for not washing hands after handling raw meat or
chicken. The prevalence of the risky behavior was
higher for men (27%) than women (14%), declined
with increasing age, and increased with increasing
education and increasing income.

Overall, 20% of respondents reported eating pink
hamburgers during the previous 12 months. The prev-
alence of this risky behavior varied from 10% in Ten-
nessee to 29% in Colorado. The prevalence was signif-
icantly higher for men (24%) than women (16%) and
decreased with increasing age. In addition, the preva-
lence of the risky behavior was higher for whites (22%)
than blacks (7%), increased with increasing education
and increasing income, and was more common among
residents of urban counties (20%) than residents of
rural counties (17%).

Most respondents (50%) reported eating under-
cooked eggs during the previous 12 months. Preva-
lences varied from 47% in South Dakota and Tennessee
to 62% in Colorado. Eating undercooked eggs was
more common among men (54%) than women (47%).
Consumption of undercooked eggs was the only behav-
ior we studied with no significant difference in age-
specific prevalences; however, among consumers of
undercooked eggs, 56% of persons $60 years old
reported eating undercooked eggs more than 4 times a
month (median frequency), compared with 48% of
adults ,60 years old (P , 0.01). Eating undercooked
eggs was significantly more common among whites
(51%) than blacks (40%). In addition, this was the only
behavior for which prevalences did not vary by income
or education. The risky behavior was more prevalent
among residents of rural counties (56%) than residents
of urban counties (50%).

Few respondents (8%) reported eating raw oysters
during the previous 12 months. Prevalences varied
from 5% in Indiana and Missouri to 11% in Florida.
Consumption of raw oysters was more commonly re-
ported by men (11%) than women (5%). Prevalence of
this behavior decreased with increasing age. The
behavior was more common among Asians/Pacific
Islanders (18%), compared with whites (8%) and
blacks (3%), increased with increasing education and
increasing income, and was more common among
residents of urban counties (8%) than residents of
rural counties (5%).

Drinking unpasteurized milk was reported by 1% of
respondents and was the least common risky behavior.
Prevalences varied from 1% in Florida, Indiana, New
Jersey, and New York to 2% in Colorado and Missouri.
Men (2%) were significantly more likely than women

(1%) to report drinking unpasteurized milk. Preva-
lence decreased with age. Drinking unpasteurized milk
was more common among Asians/Pacific Islanders and
Hispanics (3%) than whites and blacks (1%). Unlike
other risky behaviors that we studied, prevalence de-
creased with increasing income and education. Drink-
ing unpasteurized milk was more common among
residents of suburban/small town counties (3%) than
among residents of urban counties (1%).

Discussion

Risky food-handling and food-consumption behaviors
were common among survey respondents. Men and
young adults were most likely to report risky behaviors.
Our findings suggest that many consumers could ben-
efit from food-safety education.9

As in a nationwide survey conducted by the FDA,6 the
prevalence of some risky behaviors (i.e., not washing
hands and cutting boards after handling raw meat and
poultry, eating pink hamburgers, and eating raw oys-
ters) increased with increasing socioeconomic status.
There are several possible explanations for this unex-
pected result. One plausible explanation is that safe
food-handling and food-consumption practices are de-
veloped through food-preparation experience in the
kitchen15 to a greater extent than from intellectual
awareness of foodborne disease hazards.16 To the ex-
tent that persons in high socioeconomic strata do not
prepare meals as often as persons in other strata, they
may have a higher prevalence of risky food-handling
and food-consumption behaviors. If food-preparation
experience is an important determinant of safe food-
handling, it may have implications for the design of
effective food safety educational efforts.

Similar to the FDA’s 1993 survey, one in five respon-
dents did not routinely wash hands or cutting boards
after contact with raw meat or chicken.6 These practices
facilitate the cross-contamination of foods by Campy-
lobacter and Salmonella. The high prevalence of these
behaviors among young adults, especially men, corre-
sponds with their high rate of Campylobacter jejuni
infection.17

Despite publicity about the risk of Escherichia coli
O157:H7 infection associated with eating pink ham-
burgers,18 one in five respondents ate pink hamburgers
during the previous year. While this is lower than the
prevalence reported in a 1993 survey (29%), the behav-
ior was still common among men, persons of high
socioeconomic status, urban residents, and whites. The
low prevalence of pink-hamburger consumption
among blacks may, in part, explain the lower rate of
diarrhea-associated hemolytic uremic syndrome in
blacks compared to whites.19 Consumer education and
surveillance activities related to this behavior should
continue.

As in a 1993 survey,6 the most commonly reported
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risky behavior in this survey was eating undercooked
eggs, reported by approximately one half of respon-
dents. The behavior was common in all demographic
groups. Despite extensive data indicating that under-
cooked eggs are a major source of Salmonella serotype
enteritidis,20–22 the incidence of Salmonella enteritidis
infections continues to increase in the United States.
The frequent consumption of undercooked eggs by
older adults is of particular concern because the rate of
invasive salmonellosis is particularly high in this age
group.23

Raw oyster consumption (reported by 8% of respon-
dents) is a risk factor for Vibrio vulnificus primary
septicemia, a rare but often fatal syndrome, affecting
primarily patients with liver disease.24 Raw oyster con-
sumption is also a risk factor for Vibrio gastroenteritis24

and viral gastroenteritis,25 syndromes not associated
with underlying disease. As in other studies, most raw
oyster consumers were male, young or middle-aged
adults, and persons of high socioeconomic status.25 As
in a California study, Asians/Pacific Islanders and His-
panics were more likely to eat raw oysters than other
racial/ethnic groups.26 Several factors may impede
consumer education campaigns about the risk of raw
oyster consumption including the association between
this behavior and other risk-taking behaviors, particu-
larly related to alcohol.25,26 In addition, point-of-sale
warning signs about the hazards of raw oyster consump-
tion may not reach vulnerable populations.27 It may be
useful to institute processing steps to reduce pathogen
counts in molluscan shellfish (e.g., cold shock, heat
shock, irradiation).28 The need for a pathogen kill step
is particularly important for oysters and clams marketed
“raw on the half shell” in bars and restaurants.

Less than 2% of respondents drank unpasteurized
milk during the previous 12 months. This behavior is
associated with Campylobacter, Salmonella, and E. coli
O157:H7 infections.29 Similar to findings in a Califor-
nia study, the behavior was most prevalent among
young adults, Hispanics, and persons of low socioeco-
nomic status.30 The association with non-urban resi-
dence suggests that the dairy farm may be an immedi-
ate source of unpasteurized milk. This is compatible
with findings from a study of campylobacteriosis in
Iowa.31 Regulations restricting farm sales29 and restrict-
ing the use of raw milk to compensate employees may
have merit.

Limitations of our study included the use of self-
reported behaviors, which may or may not reflect actual
behaviors and/or food preferences. Nonetheless, the
high prevalence of self-reported risky behaviors empha-
sizes the potential value of food safety educational
efforts. Because risky behaviors are common, consumer
education is only one component of a broad foodborne
disease prevention strategy that includes sanitary food
production on the farm and the control of hazards in
processing, distribution, and at retail.32
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