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SUMMARY

From 1996 to 2003, four 12-month population-based surveys were performed in FoodNet sites to
determine the burden of diarrhoeal disease in the population. Acute diarrhoeal illness (ADI) was
defined as >3 loose stools in 24 hours with impairment of daily activities or duration of
diarrhoea >1 day. A total of 52840 interviews were completed. The overall weighted prevalence
of ADI in the previous month was 5-1% (95% CI+0-3%), corresponding to 0-6 episodes of ADI
per person per year. The average monthly prevalence of ADI was similar in each of the four
survey cycles (range 4:5-5-2%). Rates of ADI were highest in those age <5 years. Of those with
ADI, 33:8% (95% CI+2-7%) reported vomiting, 19:5% (95% CI+2-1%) visited a medical
provider, and 7-8 % (95% CI+ 1-4 %) took antibiotics. Rates of ADI were remarkably consistent

over time, and demonstrate the substantial burden placed on the health-care system.

INTRODUCTION

Acute diarrhoeal illness (ADI) is very common
worldwide. Diarrhoeal disease is estimated to account
for 2-5 million childhood deaths annually, predomi-
nantly in developing countries [1]. Even in developed
countries, the burden of diarrhoeal disease remains
substantial. It has been estimated that approximately
375 million episodes of acute diarrhoea occur in the
United States each year [2]. Diarrhoea accounts for
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4% of hospital admissions among children [3], and
foodborne diseases alone cause 5000 deaths per year
in the United States [4].

Accurately determining the burden of diarrhoeal
disease in the general population is important for
guiding public health decision-making, yet precisely
determining the incidence of diarrhoeal disease is
challenging. Previous estimates of the incidence of
diarrhoea in the United States have been based on
small studies conducted more than 40 years ago [5, 6]
or on data collected over a limited time period [2, 7].
Public health surveillance data, which often rely on
passive reporting of laboratory-confirmed disease, are
not adequate to precisely determine the incidence of
diarrhoeal disease in the community. This is because
most diarrhoeal illness in the community is undiag-
nosed [4, 8—10]. Many people with diarrhoeal disease
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will not seek medical attention [2, 7, 8], most of those
who do will not have stool cultures performed [2, 7, §],
the large majority of stool cultures do not identify
a pathogen [11, 12], and many notifiable diseases
that are identified are not reported to the health
department [9, 13, 14].

In the absence of adequate surveillance data,
telephone surveys have been used to determine
the prevalence of diarrhoea. Telephone surveys in
1996-1997 and 1998-1999 estimated that US re-
sidents experienced approximately 0-7 episodes of
ADI (lasting >1 day or impairing daily activities) per
person-year, with the highest rates among persons
aged <5 years, and the lowest rates among persons
aged =65 years [2, 7]. We examined data from these
and two additional large population-based surveys
performed during 20002003 to describe the current
epidemiology of ADI in the United States.

METHODS

From June 1996 to February 2003 the Foodborne
Diseases Active Surveillance Network (FoodNet)
administered four 12-month cycles of a population-
based telephone survey to determine the burden of
ADI [15]. FoodNet is a collaborative project involv-
ing the Centers for Disease Control and Prevention
(CDCQ), state health departments, academic partners,
the Food and Drug Administration and the U.S.
Department of Agriculture, closely monitoring food-
borne disease in participating sites. During the study
period the FoodNet surveillance area expanded from
five sites (Minnesota, Oregon and selected counties
in California, Connecticut and Georgia) included
in cycles 1-9 sites (Connecticut, Georgia, Minnesota,
Oregon and selected counties in California, Colorado,
Maryland, New York and Tennessee) in cycle 4. In
2003 the study covered a population of 37-6 million
persons (13-8% of the US population) (Table 1).
For each cycle of the telephone survey, approximately
150 persons per site were interviewed each month,
based on calculations at the inception of the study
to determine a survey population sufficient to make
meaningful observations stratified by state.
Interviews were conducted using a single-stage
random-digit dialling methodology after screening
to remove non-residential numbers [16], for a dis-
proportionate stratified random sample stratified by
state. At least 15 attempts were made to each number,
over at least three occasions on various days and
times. A member of the household was selected
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using the Computer Assisted Telephone Interviewing
(CATI) method based on the Kish grid of random
numbers. Only English-speaking persons were inter-
viewed until the fourth cycle, during which Spanish-
speaking persons were also included. Respondents
aged >12 years were interviewed directly, and an
adult carer was interviewed regarding participants
aged <12 years. Verbal informed consent was ob-
tained from all participants and parents of children
aged <18 years, and the study was approved by the
CDC Institutional Review Board.

Respondents were asked extensive questions re-
garding demographic characteristics, health status,
diarrhoeal illness and associated symptoms, and con-
tact with health-care services. In the first two cycles of
the survey respondents were asked about symptoms
experienced in the 4 weeks before the interview, and in
the final two cycles they were asked about the month
prior (i.e. from the date 1 month before interview to
the date of interview). Questions regarding diarrhoea
associated with vomiting varied slightly between
cycles. In cycle 1, for example, the question was: ‘The
next set of questions is about diarrhoea, that is 3 or
more loose stools in any 24 hour period. In the last 4
weeks have you had diarrhoea?’ This was followed by
questions pertaining to maximum number of stools,
activity limitations, duration of diarrhoea, etc. In
cycle 2, the phrasing was: ‘ The next set of questions is
about gastrointestinal illness. In the past 4 weeks,
have you had any of the following symptoms?’, with
one choice being ‘diarrhoea, defined as 3 or more
loose stools or bowel movements in any 24-hour
period’, again followed by additional related ques-
tions. In cycles 3 and 4, the question was asked:
‘In the past month, have you had either vomiting or
diarrhoea?’ If the answer was yes, detailed questions
were asked about individual symptoms, including
diarrhoea. In all cycles, the same case definition was
applied.

There were also minor differences in the wording
of questions regarding use of antimicrobials. In cycle
1 survey respondents were asked whether they had
taken ‘any antibiotics prescribed for this illness’; in
cycles 2 and 3 they were asked: ‘Did you take any
antibiotics for this illness?’, and in cycle 4 the ques-
tion was: ‘Did you take any antibiotics for this illness
such as Bactrim or ciprofloxacin?’ and in that cycle
they were asked to name the antibiotic. In cycles
1, 2 and 4 an additional question was asked about
other prescription or over-the-counter anti-diarrhoeal
medications.
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Table 1. Demographic characteristics of respondents to each of the four 12-month cycles of the FoodNet
population survey, and all four cycles combined

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycles 14
Study period July 1996— July 1998- March 2000— March 2002—
June 1997 June 1999 February 2001  February 2003
Cooperation rate n.a. 52% 39% 33%
Persons interviewed () 9003 12755 14647 16435 52 840
Y% % % Y% %
Underlying chronic 40 2-8 35 52 39
diarrhoea
Sex
Male 44-4 43-1 393 42 42-0
Female 556 569 60-7 579 580
Age (yr)
<5 47 35 29 4 37
5-17 10-7 10-3 8-8 9-1 9-6
18-35 287 263 254 236 256
36-54 30-7 331 31-5 33-7 32:5
55-64 9:6 10-4 10-7 133 11-3
=65 142 14-8 14-1 149 14-5
Race
White 763 80-3 79-3 79-5 79-1
Black 99 89 10-4 9-1 9-5
Hispanic 59 53 4-8 59 55
Residence
Urban 436 34-3 399 382 387
Suburban/town 44-5 482 44-6 47-3 46-3
Rural 10-8 169 14-7 13-8 14-3
Medically insured
Yes 83-7 82-8 89-2 90 87-0
No 9-2 7-8 9-7 9-2 9-0

Education (among
those =25 yr)
Less than high school ~ 6-7 9-6 10 7-4 85
High school graduate 53 54-5 533 50-3 52-6

We defined a ‘diarrhoeal episode’ as >3 loose  of American Survey Research Organizations

stools in a 24-h period, and ‘acute diarrhoeal illness’
(ADI) as =3 loose stools in 24 h with either impair-
ment of daily activities (missing any time from work,
or preventing school, recreation or vacation activities)
or duration of diarrhoea >1 day. Persons with a
chronic illness in which diarrhoea was a major symp-
tom (such as colitis or irritable bowel syndrome)
were excluded from the analysis. We created a single
variable for race and ethnicity; respondents who re-
ported Hispanic ethnicity were classified as Hispanic
regardless of race. Residential setting (urban, sub-
urban, town or rural) was classified by self-report.
Analyses were performed using SAS version 9.1
(SAS Institute, Cary, NC, USA). Response rates were
defined according to standard formulas of the Council
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(CASRO). The CASRO rate is a measure of respon-
dent cooperation defined as the proportion of all
eligible respondents in the sample for whom an
interview was completed [17]. Proportions were
weighted to compensate for unequal probabilities of
selection and to reflect the surveillance population by
age and sex, using a method similar to the Behavioral
Risk Factor Surveillance System [7, 18]. Relative risks
were estimated from odds ratios calculated on logistic
regression using published methods [19].

RESULTS

The number of respondents in each 12-month survey
cycle increased from 9003 in cycle 1 to 16435 in cycle
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4 (Table 1). The four cycles provided a combined total
of 52 840 completed interviews. The CASRO response
rate declined over time from 41 % in the second cycle
to 27% in the fourth cycle. Response-rate data were
not available for cycle 1. Demographic characteristics
of respondents were similar to each other across the
four cycles.

Overall, 3-9% (range 2-8-5-2% in each cycle) of
respondents reported an underlying chronic illness
associated with diarrhoea. After excluding these re-
spondents, the overall prevalence of a self-reported
diarrhoeal episode in the month before interview was
7-7% (95% CI+0:3%). The prevalence was 9-7 % in
cycle 1, 7:3% in cycles 2 and 3, and 7-2% in cycle 4.
Overall, the prevalence of ADI (with impairment
of daily activities or duration of diarrhoea >1 day)
in the month before interview was 5-1% (range
4-5-5-2%). The prevalence of ADI was similar in all
four cycles (Table 2). The only variation was that the
rate of ADI reported in cycle 2 was slightly lower than
the rate in cycle 4 (P=0-046). The overall rate of
ADI corresponds to 0-6 episodes/person per year.

There were no consistent significant differences
in rates of ADI among sites within survey cycles, or
among the original survey sites between cycles (data
not shown); therefore data from all sites were com-
bined. Rates of ADI by age, sex, race, education,
residence and insurance status are shown in Table 2.
Overall, persons aged >55 years and 5-17 years
reported rates of ADI lower than the 36-54 years
age group; respondents aged <5 years reported sig-
nificantly higher rates than this comparison group
[relative risk (RR) 1-6, 95% confidence interval (CI)
1-3-2-0). Rates of ADI among females was higher
than males (RR 1-2,95% CI 1-1-1-4). The overall rate
of ADI was lower among black respondents than
whites (RR 0-7, 95% CI 0-6-0-8). The rate reported
by adults with less than a high school education was
lower than that of high school graduates (RR 0-8,
95% CI 0-6-1-0). Overall, the rate of ADI among
rural residents was higher than urban residents
(RR 1-2, 95% CI 1-0-1-5); medically uninsured re-
spondents reported higher rates than the insured (RR
1-3, 95% CI 1:0-1-5). Sex, race, age and insurance
status remained significant on multivariable logistic
regression, while education and residence did not.

ADI was associated with fever, vomiting and
cough in substantial proportions of respondents,
while bloody diarrhoea was uncommon (3-5%)
(Table 3). Among persons with ADI, data on dur-
ation of their most recent diarrhoeal illness was
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Fig. Among survey respondents without a chronic

diarrhoeal illness in all cycles combined (n=150757), pro-
portion reporting acute diarrhoeal illness (ADI) in the
month prior to interview, by month of interview. B, With
vomiting; [J, without vomiting.

available for 92 %, with a median duration of 2 days
(mean 3 days); 82 % reported a duration of <3 days
and 94% reported a duration of <7 days. Overall
19-5% (range 12-2-22-9%) of respondents sought
medical care for their ADI, although only 3-7 % sub-
mitted a stool specimen for laboratory testing and
1-9% were admitted to a hospital. Of persons with
ADI 7-8 % overall (range 3-9-10-8 %) reported taking
antibiotics and 344 % (range 33:3-34-7 %) reported
taking either prescription or over-the-counter anti-
diarrhoeal medications.

The proportion of persons with diarrhoea varied
somewhat by season, driven primarily by the pro-
portion of persons experiencing concomitant vomi-
ting (Fig.). Similar seasonal variation in ADI rates
are seen in both children and adults, and in both
males and females.

DISCUSSION

Acute diarrhoea is common and represents an
important health-care burden in the United States.
The overall rate of ADI substantial enough to impair
daily activities or lasting >1 day was 0-6 episodes/
person per year in these surveys. Reported rates of
ADI were remarkably consistent over time and are
similar to estimates from studies conducted in the
United States in previous decades [5-7, 20, 21]. These
findings demonstrate the ongoing burden ADI places
on individuals and the health-care systems they use,
and highlight the importance of better understanding
the specific causes of and effective methods for
preventing these illnesses. Reliable estimates of the
burden of ADI are critical to efforts to assess the
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Table 2. Weighted prevalence of acute diarroheal illness™ in the month before interview, among respondents with no underlying chronic diarrhoeal
disease, by demographic characteristic in the four FoodNet population surveys, 1996—2003

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycles 1-4
(n=28645) (n=12395) (n=14139) (n=15578) (n=50757)
% (£95% CI) % (£95% CI) % (£95% CI) % (£95% CI) % (£95% CI)
Acute diarrhoeal illness 51 (0-6) 4-5 (0-5) 50 0-5) 52 (0-5) 51 0-3)
Sex
Malet 4-7 (0-8) 4-3 0-7) 4-4 (0-8) 4-5 (0-6) 4-5 0-4)
Female 55 (0-8) 4-7 0-7) 5:6 0-7) 60 07 55 0-4)1
Age (yr)
<5 83 291 7-3 (2-8) 85 29) 10-3 (3-0)% 8-8 (1-5)%
5-17 3-8 (1-3) 39 (1-2) 47 (1-7) 42 (1-2) 4-5 (0-8)1
18-35 63 (1-2) 5-0 (1-0) 59 (1-0) 62 (1-0) 59 (0-6)
36-54% 54 (1-0) 53 (1-0) 53 0-9) 55 (0-8) 5-4 (0-5)
55-64 29 (1-3)1 2-4 (1-2)1 27 091 36 (1-0)% 3-0 0-6)%
>65 2-7 (1-0)% 2:2 (091 2-5 09t 2:4 0Nt 2-4 (R
Race
Whitet 51 (0-7) 4-7 (0-6) 53 (0-6) 55 (0-5) 53 (0-3)
Black 46 (1-7) 32 (1-4) 33 (1-Di 4-1 (1-5) 37 (0-8)1
Hispanic 63 (2:6) 4-0 (1-8) 55 29 49 (1-6) 52 (1-1)
Residence
Urbant 51 (0-9) 4-1 (0-8) 4-5 (0-8) 47 (0-7) 4-6 (0-4)
Suburban/town 54 0-9) 47 0-7) 49 0-7) 53 0-7) 51 (0-4)
Rural 4-0 (1-5) 47 (1-4) 60 (1-5) 6-4 (1-4)% 57 (0-8)1
Medically insured}
Yes 52 (0-6) 4-5 (0-6) 49 (0-5) 51 (0-5) 5-0 (0-3)
No 56 (2-2) 5-4 21 64 (2:0) 67 (1-8) 63 O-Di
Education (among those
>25 yr old)
Less than high school 3-7 21 29 (1-6) 39 (1-5) 4-5 (1-8) 3-8 09N%
High School graduatet 4-5 (0-8) 4-6 0-9) 51 (0-8) 51 0-7) 4-9 (0-4)
College graduate 5-8 (1-2) 53 (1-1) 49 (1-1) 4-8 (0-8) 5-1 (0-5)

* Three or more loose stools with impairment of daily activities or duration of diarrhoea >1 day, in the month prior to interview.
1 Reference group for statistical comparison.
i Statistically different from comparison group within that cycle, P <0-05.
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Table 3. Weighted prevalence of acute diarroheal illness* and associated symptoms and care-seeking, among respondents with no underlying chronic
diarrhoeal disease, in the four cycles of the FoodNet population survey, and all cycles combined

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycles 1-4
(n=28645) (n=12395) (n=14139) (n=15578) (n=50757)
% (+95% CI) % (£95% CI) % (+95% CI) % (£95% CI) % (+95% CI)
Acute diarrhoeal illness 51 (0-6) 4-5% 0-5) 5 0-5) 52 (0-5) 51 0-3)
Of persons with acute diarrhoeal illness
Concomitant vomiting 20-6% (4-8) 24-4% 49) 38-8 (51 40-5 47 33-8 (0-3)
Concomitant fever 32:6% (5:6) 33:3% (5:5) 387 (5°5) 454 (4-6) 39-6 (29)
Concomitant cough n.a. n.a. 319 (5-4) 279 45) 30-8 (3-8)
Bloody diarrhoea 1-0 24 6-4 (34 29 (1-6) 32 (1-5) 35 11
Treated with antibiotics 7-0% (29) 10-8% (3-6) 10-2% 27) 39 (1-6) 7-8 (1-4)
Took anti-diarrhoeal medications 333 (5-2) 347 (5:6) n.a. 34-6 (4-4) 344 (3:0)
Visited a medical care provider 12-2% (3-8) 220 (4-6) 229 (39 17-9 (3-3) 19-5 21
Admitted to a hospital 12 (0-9) 19 (1-6) 3-0 (1-5) 16 (1-3) 19 0-7)
Visited an emergency department n.a. 9-0 31 57 21 54 (2:0) 64 (1-4)
Physician requested stool culture 32 (1-5) 4-1 21 49 (2:0) 3:6 (1-8) 39 (1-0)
Patient submitted stool specimen 29 (1-5) 39 21 4-5 (1-9) 36 (1-8) 37 (1-0)
Immunosuppressive condition 70 (2'5) 66 2-2) 11-6 (2-8) 11-9 2:7) 97 (1-4)

n.a., Data not available for that survey cycle.
* Three or more loose stools with impairment of daily activities or duration of diarrhoea >1 day, in the month prior to interview.
1 Indicates statistically significant difference compared to cycle 4, P <0-05.
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prevalence of disease due to specific pathogens [4],
and to guide development of preventive measures.

While overall rates of ADI were quite stable over
time, there was some variability among subgroups.
While there were minor changes in the way some
questions were asked, it is not immediately obvious
that this would explain significant differences in re-
sults. Other studies have noted that a large proportion
of persons reporting ADI have concomitant respirat-
ory symptoms [22], although only the last two survey
cycles in this series enquired about such symptoms
specifically. The association of vomiting with diar-
rhoea had a significant impact on differences in rates
of ADI observed in a recent international comparison
[23]. The effect of respiratory and upper gastro-
intestinal (i.e. vomiting) symptoms on interpretation
of diarrhoeal disease rates is the subject of ongoing
investigation within FoodNet. The contribution of
vomiting-associated illnesses to seasonal variations
in ADI, for example, may reflect an increase in
norovirus infections during the winter months [24].
Lack of readily accessible diagnostic confirmation
of such viral illnesses has until relatively recently
hindered the development of a better understanding
of such patterns [25].

We observed significantly lower rates of diarrhoeal
disease in older adults, similar to findings in other
studies [26]. It is an important distinction that while
older persons may suffer from disproportionately
high morbidity and mortality when infected [27],
rates of infection are not higher. The association of
residence with rates of ADI showed an inconsistent
pattern and was not significant on multivariate
analysis. Rural residence is probably associated with
differences in access to medical care and other socio-
economic indicators which would influence these
observations.

The proportion of persons with ADI reporting the
use of antibiotics is substantial. Some variation in the
use of antimicrobials over the study period may be
explained by differences in the wording of that ques-
tion between cycles. In the first three cycles the name
of the antimicrobial agent was not recorded, and it is
possible that people mistakenly reported taking an
antibiotic when they were instead taking other
medications, leading to an overestimate. In the fourth
cycle, approximately 10 % of persons reporting taking
an antimicrobial subsequently named medications
which were not antibiotics. Because more persons
were treated with antibiotics than submitted a stool
specimen, and <10% of routine stool cultures
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identifed a bacterial pathogen [12], it is clear that the
large majority of persons treated with antibiotics
are treated empirically based on clinical judgment
without laboratory confirmation of the aetiology of
the diarrhoea. While certain diarrhoeal diseases with
a bacterial actiology benefit from antimicrobial
therapy, many others do not, and empiric treatment
of some pathogens can lead to detrimental effects [27].
In many individual cases culturing of stool specimens
may not be warranted. For public health purposes,
however, such as investigation of suspected out-
breaks and understanding the epidemiology of spe-
cific pathogens, identifying an aetiology is critical.
These data suggest that it is important to better
understand how and when empirical antimicrobial
therapy is used for ADI and encourage adherence to
national guidelines for its management [27].

Comparison of diarrhoeal disease rates between
countries has often been hindered by variations in
methods and definitions used in different studies [28].
For example, a study in England found rates of
diarrhoea comparable to ours using retrospective
estimates, but much lower rates using prospective
weekly mailed cards associated with stool specimen
collection [29]. A prospective population-based study
in The Netherlands included cases with vomiting but
no diarrhoea (as well as those with diarrhoea or both
symptoms) and involved stool specimen collection
[26]. Recent coordination of studies has allowed
comparison of rates in four developed nations [23],
and expansion of these efforts to other sites is under
way. Studies such as this, using detailed, comparable
definitions are critical for comparing rates between
sites and assessing surveillance systems and preven-
tion methods in very different social contexts, which
is an important goal of international public health
organizations.

This study has several limitations. These surveys do
not allow identification of the relative contributions
of specific pathogens, outbreaks, or regional differ-
ences in reporting habits and perceptions of disease to
the observed variations in rates. For the purposes of
estimating annual rates of ADI per person-year, we
considered the survey periods of the first two cycles
(28 days prior to the interview) and the last two cycles
(1 month prior to interview) to be equivalent. While
no studies have been performed specifically compar-
ing the accuracy of reporting using such intervals, the
well-described (and opposite) effects of omission and
telescoping on retrospective surveys [30] probably
outweigh any imprecision introduced with this
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assumption. Prospective surveys have demonstrated
lower estimates of diarrhoeal disease than retrospec-
tive telephone surveys worldwide [26, 29]. Estimates
of annual rates of ADI per person-year are based
on the conservative assumption of a single illness
per respondent during the recall period, which could
contribute to underestimation of true rates. Recall
bias, or the tendency to ‘telescope’ recollection
of illness into the recent past could contribute to
overestimation of rates. We excluded persons self-
reporting a chronic illness in which diarrhoea was a
major symptom. Because persons with chronic illness
may also experience ADI, and because we do not have
additional information on the nature of the self-
reported chronic diseases, this conservative assump-
tion also probably led to the underestimation of true
rates of ADI. Response rates declined markedly over
time between these survey cycles. A widespread
decline in response rates for all types of surveys has
been of increasing concern to researchers in many
fields [31-34], although several recent studies suggest
that this pervasive trend does not necessarily increase
study bias [32]. The response rate in the latest cycle of
this survey was much higher than the mean response
rate of similar recent random-digit dialling telephone
surveys [34]. While random-digit dialling was incor-
porated in the methodology, the use of published
telephone directories probably excluded most persons
with only cellular telephones, which is a growing
population. Despite these limitations, the population
and time period covered by this study make it one of
the most comprehensive assessments of ADI in the
United States currently available.

ADI remains an important cause of morbidity
in the United States. The challenges involved in ad-
dressing this problem in developed countries are quite
different from those in areas where improvements in
basic sanitation and hygiene will have a dramatic
effect. Many of the findings in this analysis suggest
important avenues for further investigation. Better
understanding of the determinants of care-seeking
behaviour, antimicrobial prescription and submission
of specimens for laboratory analysis will have im-
portant implications for addressing the burden to the
health-care system of ADI. The proportion of persons
reporting ADI associated with respiratory symptoms,
which are not typically considered part of most
foodborne gastrointestinal syndromes, is noteworthy.
Identifying the actiologies of ADI has important
implications for its management and prevention [35].
Additional efforts to identify the proportion of ADI
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attributable to foodborne and other sources will also
be important for appropriately targeting prevention
measures.
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