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Background.  Shigella causes an estimated 500 000 enteric illnesses in the United States annually, but the association with soci-
oeconomic factors is unclear.

Methods.
Diseases Active Surveillance Network (FoodNet) data. Shigella cases (n = 21 246) were geocoded, linked to Census tract data from
the American Community Survey, and categorized into 4 poverty and 4 crowding strata. For each stratum, we calculated incidence
by sex, age, race/ethnicity, and FoodNet site. Using negative binomial regression, we estimated incidence rate ratios (IRRs) com-

We examined possible epidemiologic associations between shigellosis and poverty using 2004-2014 Foodborne

paring the highest to lowest stratum.

Results.  Annual FoodNet Shigella incidence per 100 000 population was higher among children <5 years old (19.0), blacks (7.2),
and Hispanics (5.6) and was associated with Census tract poverty (incidence rate ratio [IRR], 3.6; 95% confidence interval [CI],
3.5-3.8) and household crowding (IRR, 1.8; 95% CI, 1.7-1.9). The association with poverty was strongest among children and per-
sisted regardless of sex, race/ethnicity, or geographic location. After controlling for demographic variables, the association between

shigellosis and poverty remained significant (IRR, 2.3; 95% CI, 2.0-2.6).

Conclusions.

rates are observed among young children, blacks, and Hispanics.
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In the United States, Shigella infections are epidemiologically associated with poverty, and increased incidence
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Shigellosis is an acute diarrheal illness caused by bacteria of
the genus Shigella. Shigella causes an estimated 500 000 enteric
illnesses in the United States annually [1, 2]. Transmission oc-
curs via the fecal-oral route, and the low infectious dose (as
few as 10 organisms) allows for efficient spread from person
to person and through contaminated food and water [2].
Outbreaks have been seen in childcare and congregate living
settings, among persons experiencing homelessness, and
among men who have sex with men (MSM) [3-5]. There are
currently 4 known Shigella species: Shigella sonnei accounts
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for the majority (72%-80%) of human infections in the United
States, followed by Shigella flexneri (12%-16%) [6]. Both typi-
cally cause mild diarrheal illness; severe symptoms, including
bloody diarrhea, are more common among S. flexneri (34%)
compared with S. sonnei (25%) [7]. S. boydii and S. dysenteriae
are rarely seen in the United States, but the latter can cause ep-
idemic dysentery [2, 8]. An estimated 25% of US shigellosis in-
fections are associated with international travel [9].

Among Shigella infections reported to the Foodborne
Disease Active Surveillance Network (FoodNet), the incidence
is greatest among blacks and Hispanics compared with whites
[6, 10]. Among adults with laboratory-diagnosed shigellosis,
the rate of severe disease is higher among blacks compared
with other racial groups [7]. The reasons for these disparities
remain unclear, though recent studies have suggested that so-
cioeconomic factors, such as income and education, may be as-
sociated [11, 12]. Two limited studies found that the incidence
of shigellosis increases with Census tract poverty: This was
seen among residents of New York City and among children
<15 years of age in California [13, 14]. A better understanding
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of the extent to which the racial/ethnic disparities in shigellosis
are related to socioeconomic inequalities could help guide pre-
vention efforts.

US disease surveillance systems do not commonly collect in-
dividual socioeconomic information. However, by geocoding
the addresses of patient residences to their Census tracts, ex-
isting neighborhood-level socioeconomic data can be used to
identify and monitor socioeconomic disparities [15]. Using
FoodNet surveillance data, we examined the association be-
tween shigellosis incidence and Census tract-level poverty and
household crowding. We include household crowding because
the incidence of Shigella (and its potential association with pov-
erty) may be related to crowding, given that infection is easily
spread from person to person. We sought to determine whether
potential associations varied by sex, age group, race/ethnicity,
FoodNet site, and Shigella species. Additionally, we explored the
extent to which poverty and crowding may explain racial dis-
parities in shigellosis incidence in the United States.

METHODS

Surveillance Data

FoodNet is a collaboration among the US Centers for Disease
Control and Prevention’s (CDC’s) Emerging Infections Program
(EIP), 10 state health departments, the US Department of
Agriculture’s Food Safety and Inspection Service, and the Food
and Drug Administration. FoodNet conducts active, population-
based surveillance for laboratory-diagnosed cases of shigellosis
in the states of Connecticut, Georgia, Maryland, Minnesota,
New Mexico, Oregon, and Tennessee and selected counties in
California, Colorado, and New York. This surveillance area covers
~15% of the US population [16]. In 2011, FoodNet expanded sur-
veillance to capture cases diagnosed with a culture-independent
diagnostic test, such as a multiplex polymerase chain reaction
(PCR) panel, in addition to those diagnosed by culture.

For each laboratory-diagnosed case, FoodNet personnel at
each site collect clinical, laboratory, epidemiologic, and demo-
graphic data, including address of residence, race, and ethnicity.
These data are abstracted from medical charts and patient inter-
views. We created a composite race/ethnicity variable for anal-
ysis because race was often missing among persons of Hispanic
ethnicity, and <3% of Hispanics reported nonwhite race, similar
to the proportion in the 2010 US Census [17]. Composite race/
ethnicity variable categories included Hispanic, non-Hispanic
white, non-Hispanic black, non-Hispanic Asian, and “other”
Due to small case numbers, the “other” category combined
American Indian/Native Alaskan, Pacific Islander or Native
Hawaiian, and multiracial.

Data Collection

Laboratory-diagnosed shigellosis cases with a specimen col-
lection date between January 1, 2004, and December 31, 2014,
were included in analyses. Cases among persons who reported

traveling internationally <7 days before illness onset (incuba-
tion period for shigellosis) were excluded from analyses.

Case patient residences were geocoded by each FoodNet site
and linked to a Census tract using 2010 US Census boundaries.
Census tract data were aggregated by CDC staff and linked to
Census tract poverty and crowding data from the American
Community Survey (ACS) [18]. The 2006-2010 ACS 5-Year
estimates were used for surveillance years 2004-2009, and
the 2010-2014 ACS 5-Year estimates were used for surveil-
lance years 2010-2014. Data were unavailable for case patients
with a residential address that could not be geocoded to the
Census tract level (eg, homeless, PO Box). Following meth-
odology developed by the Harvard Public Health Disparities
Geocoding Project [19], our primary socioeconomic measure
was Census tract poverty level. Shigella cases were categorized
into 1 of 4 poverty strata based on the percentage of households
in the Census tract living below the federal poverty line (<5%,
5%-<10%, 10%-<20%, or 220%). Breakpoints were chosen to
align with similar studies analyzing all-site EIP data [20-23].
Cases were also assigned a Census tract crowding level based
on the percentage of households in the Census tract with >1
person per room (<1%, 1%-<3%, 3%-<5%, >5%), the national
standard for measuring household overcrowding [24]. The first
3 categories were aggregated in our multivariable models.

Statistical Analyses

Within each poverty or crowding stratum, the annual incidence
rate (IR) of shigellosis per 100000 population was calculated
overall and for each FoodNet site, sex, age group, and each ra-
cial/ethnic category. Census tract-level population denomin-
ators by sex, age, and race/ethnicity were obtained from the 2010
US Census. Census tract denominators were aggregated across
the poverty and crowding strata separately for cases reported
from 2004-2009 and from 2010-2014 using the respective ACS
poverty and crowding data. Rates were age-adjusted using the
2000 US standard population to account for age-dependent
differences in disease risk and probability of diagnosis. We as-
sessed for a gradient relationship between incidence and each
socioeconomic measure using the Cochran-Armitage trend
test; P values <.05 were considered statistically significant. Age-
adjusted incidence rate ratios (IRRs) and 95% confidence inter-
vals (CIs) were used to compare the highest stratum with the
lowest stratum of each measure [19, 25].

Adjusted shigellosis IRRs were also estimated using
multivariable logistic regression with a population denomi-
nator offset (log [person-years exposed]). Including a denom-
inator offset, which has a regression coefficient of 1, allows for
modeling rates rather than counts. Explanatory variables in-
cluded sex, age group, race/ethnicity, FoodNet site, poverty, and
crowding. We examined all 2-way interactions among sex, age
group, race/ethnicity, poverty, and crowding. Cases of unknown
race/ethnicity were excluded from regression models.
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Our initial Poisson regression model had a poor fit, as
measured by deviance and a Pearson chi-square statistic much
greater than 1. We fit a negative binomial model, which al-
lows the variance to exceed the mean, and better accounts for
overdispersion and excess 0s in the surveillance data [26-28].
All statistical analyses were performed with SAS 9.4 (SAS
Institute, Cary, NC, USA).

RESULTS

Of 25795 laboratory-diagnosed shigellosis cases reported to
FoodNet during 2004-2014, 89% (23028) were successfully
geocoded to a Census tract, ranging from 70% in New Mexico
to 97% in the New York FoodNet site. We further excluded 1684
patients who reported international travel <7 days before illness
onset, 6 who were assigned a Census tract without poverty and
crowding data available, and 92 for whom sex, age, or both were
missing. Characteristics of the remaining 21246 cases and av-
erage annual shigellosis incidence are shown in Table 1.
During 2004-2014, the annual FoodNet Shigella IR was 4.1
per 100000 population and was higher among males (4.3),
children aged <5 years (19.0), blacks (7.2), and Hispanics (5.6)
(Table 1). Crude shigellosis IR increased with Census tract pov-
erty and crowding (Table 1). Total numbers of reported cases

and annual IR per 100000 population were highest in Georgia
(8.1) and lowest in Oregon (1.1). Most infections were caused
by S. sonnei (79%) and S. flexneri (14%). Species was unknown
for 1379 (6%) infections. Overall, 50.7% of cases were male,
but this varied by Shigella species and FoodNet site: Among S.
flexneri cases, 70.6% were male (ranging from 49.7% in NM to
83.3% in GA), compared with 46.9% of S. sonnei cases (ranging
from 43% in NM to 64.9% in CA).

When adjusted for age, persons living in the highest pov-
erty Census tracts (with >20% of households below poverty)
had 3.5 times the IR of persons in the lowest poverty Census
tracts (7.1 vs 2.1) (Table 2). The trend of increasing IR with pov-
erty was statistically significant among all sex, age, and racial/
ethnic groups, with the strongest association occurring among
children aged <5 years (IRR, 4.8) and among whites (IRR, 3.5).
Blacks had the highest overall IR at all levels of Census tract
poverty. Among children aged <5 years, the IR among blacks
in the most impoverished Census tracts was 10.7 times that of
whites in the least impoverished Census tracts (50.3 vs 4.7 per
100000 population). When stratified by Shigella species, the
association with poverty was stronger for S. sonnei (IRR, 3.6;
95% CI, 3.4-3.8) than for S. flexneri (IRR, 2.5; 95% CI, 2.2-2.8)
(Table 2) but did not vary by sex. The gradient relationship with

Table 1. Characteristics and Annual Incidence of Geocoded Shigella Cases, FoodNet, 20042014
Characteristic No. of Cases % Incidence per 100000 Population
All cases 21246 100.0 4.1
Sex
Male 10778 50.7 4.3
Female 10468 49.3 4.0
Age group, y
0-4 6329 29.8 19.0
5-17 6968 32.8 78
18-49 6008 28.3 2.6
>50 1941 9.1 1.2
Race/ethnicity?
White, non-Hispanic 8736 476 2.6
Black, non-Hispanic 5604 30.6 72
Hispanic 3250 177 5.6
Asian, non-Hispanic 273 1.5 11
Other 479 2.6 3.0
Census tract poverty®
<5% 2244 10.6 2.0
5%-<10% 3817 18.0 3.1
10%-<20% 6684 1.5 4.3
>20% 8501 40.0 70
Census tract crowding®
<1% 6785 319 3.1
1%-<3% 6504 30.6 4.1
3%-<5% 3542 16.7 5.3
>5% 4415 20.8 6.3

A total of 2904 cases were missing race/ethnicity.

®Defined as the percentage of persons in the Census tract living below the federal poverty line.

°Defined as the percentage of households in the Census tract with >1 person per room.
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Table 2. Age-Adjusted Shigellosis Incid

id

and In

Rate Ratios by Census Tract Poverty Level, FoodNet, 2004-2014

Age-Adjusted Incidence per 100000 Population by Poverty Level®

Characteristic <56% 5%-<10% 10%-<20% >20% IRR (=20% vs <5%) 95% Cl
All cases 2.1 3.3 4.6 71 3.5 3.3-3.6
Sex
Male 2.0 35 4.6 70 3.5 3.2-3.7
Female 2.1 3.1 4.6 72 3.4 3.2-3.7
Age group, y
0-4 71 1.6 19.0 34.3 4.8 4.4-53
5-17 3.1 5.6 8.7 14.0 45 4.2-4.9
18-49 1.6 2.4 2.8 35 2.2 2.1-2.4
>50 0.9 1.1 1.2 15 1.8 1.6-2.1
Race/ethnicity
White, non-Hispanic 1.5 2.5 3.6 5.2 3.6 3.2-3.7
Black, non-Hispanic 3.1 4.3 6.1 9.1 29 2.6-3.3
Hispanic 2.7 3.9 4.2 5.7 21 1.8-2.4
Asian, non-Hispanic 0.9 1.0 1.1 2.1 2.4 1.7-3.4
Other 1.3 2.1 2.5 83 2.7 1.9-3.8
Shigella species
S. sonnei 1.6 2.6 3.7 5.7 3.6 3.4-3.8
S. flexneri 0.3 0.5 0.6 0.9 25 2.2-2.8

Abbreviations: Cl, confidence interval; IRR, incidence rate ratio.

“Defined as the percentage of households in the Census tract living below the federal poverty line.

increasing poverty was statistically significant in all FoodNet
sites (Figure 1) and for all years.

The age-adjusted IR of shigellosis also increased with
increasing Census tract household crowding (IRR, 1.8; 95%
CI, 1.7-1.9) (Supplementary Table 1). This association did not
differ significantly by sex or age group, was most pronounced
among whites, and was seen for all years and in all FoodNet
sites except among males in California (data not shown).
S. flexneri was more strongly associated with crowding (IRR,
2.9; 95% CI, 2.7-3.2) than S. sonnei (IRR, 1.6; 95% CI, 1.6—
1.7) (Supplementary Table 1), particularly among females and
children (data not shown).

In multivariable models adjusting for sex, age group, race/
ethnicity, and FoodNet site, the IR was 2.3 times higher among
persons living in the highest (>20%) vs lowest (<5%) poverty
Census tracts (95% CI, 2.0-2.6) (Table 3); the IR was 1.7 times
higher among persons in the highest (>5%) vs lowest (<5%)
crowding Census tracts (95% CI, 1.5-1.9) (data not shown).
Racial/ethnic differences in the incidence of shigellosis re-
mained significant after controlling for poverty or crowding;
the IR among blacks and Hispanics remained >1.5 times that
of whites.

In the model including age, race/ethnicity, FoodNet site, and
poverty, there was significant statistical interaction between
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Figure 1. Age-adjusted shigellosis incidence by Census tract poverty level and FoodNet site, 2004—2014. Poverty level was determined by the percentage of households in
each Census tract living below the federal poverty line. *In California, Colorado, and New York, the FoodNet surveillance catchment area includes only selected counties [16].
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Table 3. Incidence Rate Ratios of Shigellosis by Age, Race/Ethnicity,
and Census Tract Poverty, Unadjusted and Adjusted by Negative Binomial
Regression, FoodNet, 2004-2014

Unadjusted Adjusted
Characteristic IRR (95% CI) IRR (95% ClI)
Sex (male vs female) 1.0 (0.9-1.2) 1.1 (1.0-1.2)
Age group, y
0-4 16.1 (156.3-17.0) 9.5 (8.3-10.8)
5-17 6.6 (6.3-7.0) 4.2 (3.7-4.8)
18-49 2.2 (2.1-2.4) 1.8 (1.6-2.0)
>50 (ref) 1.0 1.0
Race/ethnicity
White (ref) 1.0 1.0
Black 2.8(2.7-2.9) 1.6 (1.4-1.7)
Hispanic 2.2(2.1-2.3) 1.8 (1.6-2.0)
Asian 0.4 (0.4-0.5) 0.4 (0.4-0.5)
Other 1.2 (1.1-1.3) 0.8 (0.7-0.9)
Poverty?
<5% (ref) 1.0 1.0
5%-<10% 1.6 (1.5-1.7) 1.3 (1.2-1.5)
10%-<20% 2.3 (2.2-2.5) 1.7 (1.5-1.9)
>20% 3.9 (3.7-4.1) 2.3 (2.0-2.6)

IRRs compare the rate in each category with the reference group; they were adjusted for
sex, age category, race/ethnicity category, and FoodNet surveillance site. Cases missing
these variables were excluded.

Abbreviations: Cl, confidence interval; IRR, incidence rate ratio; ref, reference group for IRR.
“Defined as the percentage of households in the Census tract living below the federal
poverty line.

age group and Census tract poverty, and between age group
and race/ethnicity. Differences in shigellosis IRs across pov-
erty levels and between racial/ethnic groups were greatest
among children. The IRR comparing the highest and lowest
poverty Census tracts was 3.2 among children aged 5-17 years
(Supplementary Table 2). The IR among black and Hispanic
children aged <5 years was 2.6 times the IR among white
children (Supplementary Table 3).

Regression results were similar when restricted to S. sonnei,
though sex was not a statistically significant explanatory vari-
able. Among S. flexneri, male sex was significantly associated
with illness (IRR, 1.9;95% CI, 1.7-2.3), and there was significant
interaction between age and sex. Among adults aged >18 years,
the IR of S. flexneri infection among males was 3.7 times that
among females. There was also a significant interaction between
age and race; among children aged <5 years, the IR of S. flexneri
infection among Hispanics was 7 times that of whites (95% CI,
5.0-10.6).

DISCUSSION

Our analysis of 2004-2014 FoodNet data documents higher
incidence of shigellosis among children, blacks, and Hispanics
compared with the general population and reveals a strong as-
sociation between shigellosis incidence in the United States

and Census tract poverty and crowding. This was seen at each
FoodNet site and for both S. sonnei and S. flexneri. The inci-
dence of shigellosis increased with Census tract-level poverty
and household crowding among all racial/ethnic groups exam-
ined. When controlling for sex, race/ethnicity, and FoodNet
site, the association with poverty was most pronounced among
children. Racial/ethnic disparities in the incidence of shigellosis
remained significant after controlling for poverty and crowding.

This was the first multisite analysis of population-based
shigellosis surveillance data in the United States that included
Census tract-level socioeconomic measures. The identified
association between shigellosis and Census tract poverty is
consistent with findings from 2 previous studies, which were
limited in scope to New York City residents and children in
California [13, 14]. Our analysis demonstrates that this associa-
tion exists in all FoodNet sites, for all age groups, and was con-
sistent across an 11-year time period. Shigella infection could
be associated with poverty due to less awareness of prevention
measures, lack of access to basic sanitation supplies and diapers,
and differences in food safety knowledge, food handling prac-
tices, and diet [9, 10, 29, 30].

The observed association with poverty could also reflect dif-
ferential probability of diagnosis by socioeconomic status. An
estimated 20% of persons with symptoms of gastroenteritis seek
medical care [31]. Whereas severity of illness is the strongest
predictor for care-seeking and subsequent stool testing, seeking
care was also found to be associated with age <5 or >65 years,
lower income, less education, and having medical insurance [31,
32]. Higher-income individuals may be more likely to have pri-
vate health insurance, but they may be less likely to see a med-
ical provider for mild diarrheal illness due to high co-payments
or deductibles, lost work time, or simply because they may have
more financial and social resources for dealing with a bout of
shigellosis.

Few studies have looked at the association between poverty
and shigellosis in other high-income countries [12]. A 1993-
2004 study in Denmark found shigellosis incidence to be pos-
itively associated with higher individual income and higher
education, which the authors attributed to differences in inter-
national travel and diet [33]. Our findings may differ for several
reasons, including the exclusion of international travel-associ-
ated cases and geographic, socioeconomic, and temporal dif-
ferences in our study population. Additionally, Denmark has a
public medical care system that is free to all, which might re-
duce diagnostic reporting bias.

We also identified an association with Census tract-level
household crowding, particularly for S. flexneri. Overcrowded
housing, which reflects demographic and socioeconomic con-
ditions, has been linked to an increased risk of infection from
communicable diseases and greater vulnerability to home-
lessness among the poor [34]. Household crowding measured
at the level of Census tract may also be a proxy for overall
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population density in some communities. Shigella outbreaks
can easily spread from their initial source (eg, homeless shelter,
restaurant, daycare) to the wider population, and transmission
may be enhanced in those urban settings where the population
has more frequent contact with public facilities (eg, public rest-
rooms, public transportation).

Observed differences by Shigella species, sex, and age group
likely reflect differences in primary mode of transmission. Our
findings support the literature documenting male predomi-
nance among S. flexneri infections, which is largely attributed
to increased transmission among MSM [5, 35]. We found
S. flexneri infection to be strongly associated with poverty
among children and adult females, but not among adult males,
which supports the hypothesis that for adult males, other risk
factors (eg, oral-anal sexual contact) play a more important role
than poverty. Although patient exposures are not collected as
part of standard FoodNet surveillance, a FoodNet study found
that among domestically acquired shigellosis cases, S. sonnei pa-
tients were more likely than S. flexneri patients to report contact
with a child or nonsexual contact with a household member
with diarrhea (55% vs 17%) [9]. Lack of access to basic sani-
tation supplies and diapers among low-income families could
lead to higher rates of shigellosis [30, 36]. The facts that the as-
sociation between S. sonnei and crowding did not differ by age
group and that the association with poverty was highest among
children aged 5-17 years, suggests that shigellosis prevention
messaging should target household transmission risks (eg,
diaper reuse, handwashing) in addition to daycare exposures.

We observed some variation by FoodNet site, particularly
among adults and regarding Census tract crowding. This is not
surprising considering the demographic diversity of the under-
lying populations in each FoodNet site. In some communities,
including within the California FoodNet surveillance area, the
incidence of shigellosis among adults is increasingly driven by
outbreaks and sustained transmission among MSM and per-
sons experiencing homelessness [4, 5]. Geographic variation
may also be due to differences in rates or reporting of inter-
national travel-associated shigellosis. Although in-depth site-
level analyses are beyond the scope of this study, they may shed
light on the nuances of risk factors among adults.

As has been seen in similar studies of other communi-
cable diseases [22], racial/ethnic disparities in the incidence
of shigellosis remained significant after controlling for soci-
oeconomic explanatory variables. This could be due to racial
differences in unmeasured factors, such as education, dietary
patterns, and access to and use of health care services [37].
Our results emphasize the need to focus prevention efforts
among black and Hispanic households, particularly those with
children.

This study has limitations beyond those previously discussed.
The ecological nature of this analysis prevents drawing infer-
ences about the effect of individual-level poverty or household

crowding on the incidence of shigellosis. Additionally, we
were unable to identify infections among persons experi-
encing homelessness in our geocoded data set. Exclusion of
nongeocoded cases (including those with PO Box addresses)
might have resulted in differential underestimation of Shigella
incidence, particularly in more impoverished and rural Census
tracts. Therefore, the reported measures of association are likely
conservative estimates.

Incomplete race and ethnicity information in our data set
(~14% of cases) might have resulted in an underestimation of
shigellosis incidence for some racial/ethnic groups, and there-
fore could have biased regression results if the race/ethnicity in-
formation was not missing at random. Combining American
Indian/Alaska Native, Native Hawaiian/other Pacific Islander,
and multiracial into a single “other” category prevented assess-
ment of disparities among these groups. Race and ethnicity
information abstracted from medical charts may differ from
self-described race in the 2010 US Census.

Lastly, we used population denominators from the 2010
US Census for all incidence calculations. Although the pop-
ulation changed from 2004 through 2014, these are the most
reliable population estimates at the Census tract level. To ac-
count for changes in the geographic distribution of poverty
and crowding across Census tracts during this period, all nu-
merators and denominators were aggregated using ACS data
obtained during the most relevant time period (2006-2010 or
2010-2014).

In summary, this study estimates the epidemiologic associ-
ation between shigellosis incidence and poverty and crowding
by linking Census tract information to geocoded surveillance
data from a national population-based surveillance system. The
multivariable analysis revealed that incidence of shigellosis was
associated with increasing Census tract poverty and crowding
after adjusting for demographic factors and surveillance site.
The association with poverty was more pronounced among
children than among adults. Shigellosis prevention efforts in the
United States should target households that are poor, black, or
Hispanic, particularly those with young children.
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Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
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sponding author.
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