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In April 2009, following the first school closure due to 2009 pandemic influenza A (HIN1) (pHINI) in
Chicago, Illinois, area hospitals were inundated with patients presenting with influenza-like illness (ILI). The
extent of disease spread into the surrounding community was unclear. We performed a household survey to
estimate the ILI attack rate among community residents and compared reported ILI with confirmed pHIN1
cases and ILI surveillance data (ie, hospital ILI visits, influenza testing, and school absenteeism). The estimated
ILI attack rate was 4.6% (95% confidence interval, 2.8%-7.4%), with cases distributed throughout the 5-week
study period. In contrast, 36 (84%) of 43 confirmed pHINI cases were identified the week of the school
closure. Trends in surveillance data peaked during the same week and rapidly decreased to near baseline.
Public awareness and health care practices impact standard ILI surveillance data. Community-based surveys

are a valuable tool to help assess the burden of ILI in a community.

On 26 April 2009, the Chicago Department of Public
Health (CDPH) held its first press conference regarding
2009 pandemic influenza A (HIN1) (pHIN1) virus. At
that time, little was known about the severity and po-
tential impact of pHINI in the city. However, by 28
April, several probable pHINI cases had been reported
to CDPH, including a case in an ill elementary school
student from a northeastern Chicago community
(community A) [1]. The probable pHIN1 case in the
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student, along with additional suspect cases in the same
school (school X), led to the school closure on 29 April.
That same day, CDPH received reports that emergency
departments (EDs) serving community A were in-
undated with patients seeking care for influenza-like
illness (ILI).

On 30 April, because of the large volume of mildly ill
patients seeking medical care and an excess of specimens
being submitted to the state laboratory for confirmatory
testing, CDPH recommended that testing for pHIN1 be
performed only on hospitalized patients. At that time,
community A had the highest incidence of pHINI in
Chicago, with the majority of confirmed cases occurring
among school X students and their household contacts,
suggesting an outbreak at the school [1]. However, it
was unknown how much pHINI had spread into the
surrounding community and if the available surveillance
data could accurately depict the burden of ILI in the
community. To investigate these issues, we performed
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a household survey to estimate the ILI attack rate among
community residents, and compared reported ILI to confirmed
pHINTI cases, hospital surveillance data (ILI visits and influenza
testing), and school absenteeism.

METHODS

Community ILI Survey

Sample size calculations were performed using a typical sea-
sonal ILI rate (= 2.5%; 95% confidence interval [CI]) with
a design effect of 2 to account for household clustering. On
the basis of a previous community survey, we estimated 25%
participation of households and, therefore, oversampled by
75% [2]. We used a stratified, two-stage cluster design to
sample six community A Census tracts serving as the catch-
ment area for school X [3]. Using 2000 Census data, the 115
Census blocks in the selected area were divided into 2 strata
based on the number of occupied households to account for
population density. The higher density stratum contained 30
blocks forming the upper quartile of the number of house-
holds, and the lower density stratum contained the remaining
85 blocks. Thirteen higher-density blocks and 32 lower-den-
sity blocks were selected proportional to the occupied number
of households, without replacement. In selected blocks, 354
households were identified for inclusion in the study. With
use of proportional allocation and simple random sampling,
10 households were selected in higher stratum blocks and 7
households in lower stratum blocks.

The door-to-door survey was performed during 11-17 May
2009. Buildings were excluded if they were vacant; contained
a business, dormitory, or nursing home; or had no way to access
an individual unit (eg, locked entry ways or broken buzzers).
Households visited at least 2 times with no response were con-
sidered to be nonresponders. If the household was classified as
a nonresponder, an adjacent household was randomly selected
for enrollment. Households that were visited only once but
without response were not eligible for inclusion. All enrolled
households were classified as a single family dwelling (1 housing
unit per building), multifamily dwelling (2-10 housing units per
building), or apartment dwelling (>10 housing units per
building).

All members of an enrolled household were invited to par-
ticipate. A household member was defined as an individual who
spent a mean of =2 nights per week in the home. Participants or
their parent or guardian provided informed verbal consent.
Information was obtained directly from participants or an adult
member of the household. This survey was part of the emer-
gency public health practice response to the pandemic and was
reviewed by a human subjects coordinator at CDPH and the
Centers for Disease Control (CDC) and deemed not to be re-
search in accordance with the federal human subjects’

protection regulations at 45 Code of Federal Regulations 46.101¢
and 46.102d and CDC’s Guidelines for Defining Public Health
Research and Public Health Non-Research.

A standardized questionnaire was administered to enrolled
participants regarding household characteristics, demographic
characteristics, symptoms consistent with ILI, existing medical
conditions, illness outcome, and exposures, such as travel and
employment and/or attendance in a school or health care set-
ting. A case of ILI was defined in survey participants who re-
ported fever with cough and/or sore throat from 13 April
through the day of the interview.

Estimates of population parameters, standard errors (SEs),
ClIs, risk factor modeling estimates, and hypothesis tests were
calculated accounting for the sampling design and in-
corporating sampling weights and finite population correc-
tion with the statistical software R (www.r-project.org). The
age, sex, and race distribution of participants were compared
with those of the community population with use of a %>
goodness-of-fit test [4]. Standard calibration estimators were
used to adjust for nonresponse by calibrating the sampled data
to the 2000 Census block population totals by race (white/
nonwhite), sex, and age group, simultaneously [5]. Categor-
ical variables and ILI symptoms were assessed using the Rao-
Scott correction to the y* test. CIs were computed using
Wald-type intervals. Binomial regression was used to provide
adjusted relative risk estimates and CIs, and model effects
were evaluated for statistical significance with use of Wald
tests. We report both crude values describing the survey
participants and population estimates.

Estimated proportions and 95% ClIs established by the com-
munity survey were used to calculate the total number of ILI
cases and the number patients with ILI who sought medical care
or were hospitalized in the community over the 5-week period.
Incidence rates were calculated using the 2000 Census data for
blocks in the surveyed area.

Diagnostic Sampling and Laboratory Testing

Patients with ILI with onset of fever within 7 days prior to
completing the survey were asked to provide a nasopharyngeal
swab specimen. Specimens were collected using sterile swabs
with a synthetic tip and plastic shaft. The swabs were placed in
viral transport media and kept at 4°C for <6 h and then stored
at —70°C. Real-time reverse transcriptase-polymerase chain re-
action (rRT-PCR) for 2009 HIN1 influenza viral RNA was
performed at the Illinois Department of Public Health Division
of Laboratories Chicago, IL [6].

Description of Confirmed Cases

A standardized case report form was used to collect de-
mographic and exposure information on confirmed cases re-
ported to CDPH by Chicago area hospitals and health care
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Table 1. Demographic Characteristics of Survey Participants,
Compared with 2000 Census Tract Data for Community A

Survey participants Community A 2000

(n = 644) Census? (n = 38,351)
No. (%) No. (%)
Male 324 (50) 20,020 (52)
Age group
<5 years 55 (9) 3124 (8)
5-14 years 62 (10) 4571 (12)
15-24 years 124 (19) 7339 (19)
25-49 years 272 (42) 17,287 (45)
50-64 years 90 (14) 3654 (10)
=65 years 41 (6) 2376 (6)
White race® 465 (72) 18,902 (49)
Hispanic ethnicity® 131 (20) 11,890 (31)

@ Excludes individuals living on census tracts or blocks that were excluded
from the study

® Goodness of fit - P< .01

providers. A confirmed case was defined in a patient with ILI
onset during the period from 13 April through 17 May and
laboratory evidence of 2009 pHINT1 virus infection by rRT-PCR
or viral culture. ILI was defined as a fever (temperature,
=37.8°C) with cough and/or sore throat. Data obtained from
patients with confirmed HIN1 who resided in community A
were compared with data from participants with ILI who were
identified through the household survey.

Hospital ILI and School Absenteeism Data

We obtained information on outpatient visits for ILI and in-
fluenza testing from 3 hospitals serving community A. Residents
from community A were differentiated by zip code. ILI in-
formation was extracted based on the International Classification
of Diseases, Ninth Revision (ICD-9) discharge diagnosis codes for
fever with cough and/or sore throat or influenza diagnoses (ie,
ICD-9 codes 780.6, 786.2, 462, 784.1, and 487).

Chicago Public Schools provided school attendance data
for the 5 public elementary schools in community A,
including school X. The proportion of absent students
(absenteeism) was calculated from the number of students
absent on a given day and the total number of students
reported to be enrolled.

Evaluating Trends Over Time

For the purpose of this analysis, events were grouped into 3
periods: (1) baseline period from 13 through 26 April; (2) school
outbreak period from 27 April through 3 May, which includes
the identification of the first case and school closure in com-
munity A; and (3) post—school outbreak period from 4 through
17 May, which includes the week of the school reopening
through the last day of the survey.

RESULTS

Community ILI Survey

Of the 711 eligible households approached for enrollment in the
survey, 316 (44%) were nonresponders, 155 (22%) declined, and
240 (34%) agreed to participate. Enrolled households had a total
of 644 residents and a median of 3 residents per household
(range, 1-8). When compared with census data for the 38,351
residents of the survey area, enrolled participants were similar in
age and sex distribution but were more likely to be White and
nonHispanic (Table 1).

Of the 644 enrolled participants, 37 met the ILI case definition
for an estimated population ILI attack rate of 4.6% (95% CI,
2.8%-7.4%). Illness onset for these ILI cases occurred from 13
April through 14 May 2009 and was evenly distributed, with
amedian of 1 case reported per day (range, 0—4) (Figure 1A). An
estimated 44% of ILI occurred in male individuals, and the
mean age was 25 years (95% CI, 17-33 years) (Table 2). The
oldest survey participants with ILI among survey participants
was 59 years of age. The majority of patients were white and
nonHispanic. An estimated 62% (95% CI, 43%-82%) of survey
participants with ILI sought medical care for their illness, and
3.0% (95% CI, 0.0%-8.8%) were hospitalized. The median
duration of illness for survey participants with ILI was 5.0 days
(95% CI, 2.3-6.0 days), and 74% (95% CI, 58%-90%) missed
work or school because of their illness rather than school/work
closures or taking care of ill family members. Almost all survey
participants with ILI (96%; 95% CI, 84%—-99%) lived in a mul-
tifamily or apartment dwelling (higher-density housing), 17%
(95% CI, 4.5%—-29%) had an underlying condition that pre-
disposed them to more severe disease (Table 2), and 37% (95%
CI, 18%-60%) attended or worked at a primary school (ie,
daycare, preschool, or elementary school; 11 students and 1
staff). None of the ILI survey participants with ILI attended,
worked at, or had household contacts affiliated with school X.

On univariate analysis, ILI cases were more likely to live in
higher-density housing, have an underlying immunosuppressive
condition, or attend or work at a primary school, and less likely
to attend or work at a high school or college (Table 3). On
multivariate analysis, higher-density housing (relative risk [RR],
4.8; 95% CI, 1.2-19) and school exposure (primary school, RR,
3.1;95% CI, 1.2-8.3; and secondary school, RR 0.6; 95% CI, 0.2—
2.1) remained significantly associated with risk of ILL

Acute-phase nasopharyngeal swab specimens were collected
from 7 survey participants with ILI who reported fever within
a week of the survey. The median number of days between illness
onset and specimen collection was 5 days (range, 1-7 days).
Only 1 sample, obtained 6 days after illness onset, was positive
for 2009 HINI influenza viral RNA by rRT-PCR. The positive
sample was collected from a 43-year-old white woman who
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Correlation of epidemiologic indicators of 2009 pandemic influenza A (H1N1) (pHTN1) virus activity in community A, from 13 April through 17

May 2009. A, Influenza-like illness (ILI) cases identified through the community survey by illness onset date. B, Confirmed cases of pHTN1 in community A,
by specimen collection date (bars)and illness onset date (/ine). C, Number of ED and outpatient visits for ILI for the 3 hospitals servicing community A, by
day. D, Proportion of students absent from school X in community A, by day. £ Proportion of students absent from the 4 other elementary schools in

community A, by day.

developed a fever (temperature, 38.3°C) with cough, sore throat,

and myalgias. She did not seek medical care for her illness.

Description of Confirmed Cases
A total of 43 laboratory-confirmed cases of pHIN1 among
residents of community A were reported to CDPH with illness

onset from 24 April through 15 May 2009 (Figure 1B). None of
the confirmed pHIN1 case households were included in the
community survey. There was a median delay of 3 days (range,
0-7 days) between illness onset and specimen collection date.
None of the confirmed cases had specimens collected for testing
during the baseline period (13 —26 April). In contrast, 36 (84%)
survey participants with pHIN1 confirmed cases had a specimen

collected during the school outbreak period (from 27 April

through3 May), and the remaining 7 (16%) had a specimen
collected during the post—school outbreak period (4-17 May).

The median age of case-patients was 8 years (range, 2 months-
45 years). Approximately half of the survey participants were
male, and 16 (37%) were Hispanic (Table 4). Thirty-six (84%)
survey participants with ILI sought care in an ED or outpatient
clinic, and 5 (12%) were hospitalized. Among the patients with
exposure information, 20 (47%) were primary school students,
including 15 (35%) students from school X. Another 6 survey
participants with ILI (14%) had household contacts who at-
tended school X. These data confirm a pHINI outbreak at
school X.

Of the 43 community A patients with confirmed pHIN1
cases, 37 (86%) were <15 years of age, compared with an esti-
mated 44% (95% CI, 21%-66%) of the ILI cases identified
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Table 2. Demographic Characteristics and Exposure Information for Surveyed Participants with Influenza-like lliness (ILI) versus those

without ILI
Survey participants with ILI (n=37) Survey participants without ILI (h=607)
Weighted proportions Weighted proportions
No. (%) [95% Cl] No. (%) [95% Cl]

Male 21 (44) [26-63] 303 (53) [52-54]
Age group

<5 years 7 (15) [1-30] 48 (8) [7-8]

5-14 years (28) [4-52] 54 (11) [10-12]

15-24 years 8 (6) [0-12] 121 (20) [19-21]

25-49 years 17 (43) [21-65] 255 (45) [44-46]

= 50 years (7) [0-16] 129 (16) [15-17]
White race 32 (68) [44-92] 433 (48) [47-49]
Hispanic ethnicity 5 (13) [3-24] 126 (20) [12-27]
Type of dwelling

Single family 8 (4) [0-10] 159 (20) [13-27]

Multifamily (2-10 units per building) 21 (44) [22-66] 230 (33) [25-42]

Apartment (>10 units per building) 13 (52) [30-74] 218 (47) [37-57]
Medical history

Chronic lung disease 2 (9) [2-28] 36 (9) [6-13]

Immunosuppressive condition 2 (5) [1-19] 7 (1) [0-2]

Metabolic disorder 4 (13) [5-30] 27 (5) [3-7]

Neurologic/neuromuscular condition 1 (5) [1-27] 9 (2) [1-4]
Attend or work at a school

Daycare/preschool 3 (7) [0-15] 17 (2) [1-4]

Elementary school (grades K-8) 9 (30) [6-54] 58 (10) [8-12]

High school (grades 9-12) 1 (1) [0-3] 25 (5) [3-7]

College 4 (10) [0-21] 96 (15) [10-19]
Health care worker 2 (4) [0-15] 37 (4) [4-8]
Visitor/travel history

Visitors from or travel to high risk state® 2 (4) [1-18] 24 (3) [1-5]

Visitors from or travel to Mexico (0) [—] 20 (1) [1-3]

NOTE. Cl=confidence interval.
@ One ILI case traveled to California and one traveled to Texas.

through the community survey. In addition, at least 50% of the
confirmed cases had a direct connection to school X versus none
of the ILI cases from the community survey. Comparisons of
race and ethnicity were limited by both missing data and dif-
ferences in the way that these data were classified.

Hospital ILI Data

From 13 April through 17 May, 402 visits for ILI were made by
community A residents to 3 hospitals serving the area. During
the baseline period, community A residents had a median of 5
ILI visits per day (range, 1-11 visits per day) (Figure 1C). During
the school outbreak period, the median number of ILI visits
increased to 16 per day (range, 778 visits per day), peaking on
the first day of the school closure. During the post-school out-
break period, the median number of visits decreased to 11 per
day (range, 3—19 visits per day).

Similar trends were seen in the absolute number of influenza
tests performed and positive influenza test results obtained from
community A residents at the 2 hospitals where this information
was available. During the baseline period, a median of 1 in-
fluenza test was performed per day (range, 0-2 tests per day),
and none of the results were positive. During the school out-
break period, this increased to a median of 12 tests per day
(range, 2—-38 tests per day) on community A residents and re-
sults of 27% of the influenza tests performed were positive.
During the post—school outbreak period, a median of 3 in-
fluenza tests were performed per day (range, 0-11 tests per day)
and results of 11% of the tests performed were positive.

Elementary School Absenteeism Data
There were 3133 students enrolled in the 5 elementary schools in
community A, including 850 (27%) in school X, the elementary
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Table 3. Univariate Analysis of Demographic and Exposure
Categories Comparing Influenza-like lliness (ILI) Cases to Those
without Symptoms of ILI

Table 4. Demographic Characteristics and Information on
Medical Care and Exposures for Confirmed pHIN1 Cases in
Community A

Weighted Univariate Analysis

Confirmed cases (n=43)

RR (95% CI) P value No. (%)
Age group 0.06 Male 20 (47)
<5 years 4.1 (0.9-19) Age group
5-14 years 5.2 (0.9-31) <b years 7 (16)
15-24 years 0.7 (0.1-4.5) 5-14 years 30 (70)
25-49 years 2.1 (0.5-8.6) 15-24 years 8 (7)
= 50 years 1.0 (referent) 25-49 years 3 (7)
Multifamily or apartment dwelling 5.0 (1.2-21) 0.01 50-64 years 0 (0)
Immunosuppressive condition 5.0 (1.3-19) 0.02 = 65 years 0 (0)
Attend or work at a school 0.02 Race/ethnicity
Primary school® 3.3 (1.2-8.9) White 5 (12)
High school or college 0.7 (0.2-2.3) Black 11 (26)
None 1.0 (referent) Asian 1 (2)
NOTE. RR, relative risk; Cl, confidence interval. lEenic I 2
@ Daycare, preschool, or elementary school. Unknown 10 (23)
Medical care
Outpatient only 36 (84)
Hospitalized 5 (12)
school that closed because of probable pHINT1 cases. For school Unknown 2 (5)
X, a mean of 8% of the students were absent per day (range, 6%— Attend or work at a school
13%) during the 2-week baseline period (Figure 1D). For the 2 Daycare/preschool 2 (5
days prior to the school closure (27-28 April), absenteeism in- Elementary school (K-8) 18 (42)
creased to 15% per day. In the post—school outbreak period, High school (9-12) 0 )
absenteeism remained elevated at 13% per day but was higher Ezlrl]zge § :?)2)
for the first 3 days after the school reopened (18% absenteeism Unknown 16 37)

per day), compared with the following week (10% absenteeism
per day).

Compared with school X, the other primary schools in the
community had a slightly lower mean absenteeism rate of 5%
per day (range, 3-8%) during the baseline period (Figure 1E).
The rate increased to a mean of 9% absenteeism per day (range,
5-12%) during the week that school X was closed but quickly
returned to normal during the following 2 weeks (mean, 6% per
day; range, 5%-9%).

Estimated Impact of ILI in Community A

Using the ILI attack rate and 95% CI obtained in the survey, we
estimate that, in this urban community of ~38,000 persons,
there were 915-2614 cases of ILI during the 5-week period from
13 April through 17 May 2009. Between 43% and 82% of these
ILI cases may have sought medical care (360-1843 persons), 0—
9% of these patients may have been hospitalized (0-154 hos-
pitalizations), and there were no deaths. From the hospital ILI
and influenza testing surveillance data, it was determined that
12% of the patients presenting with ILI had a positive test for
influenza prior to changes in testing recommendations. There-
fore, we estimate there were 110-314 influenza cases in

community A during this period, for an incidence of 287-819
cases per 100,000 population.

DISCUSSION

Following the announcement in late April that the first 2009
pHINI case had been identified in Chicago, several area hos-
pitals reported being inundated with patients seeking care for
possible infection with the novel influenza virus [1]. Our find-
ings from a community with one of the highest incidences of
pHINI in Chicago substantiate a marked increase in the
number of ILI visits to area hospitals following the closure of
a neighborhood school. Within a few days, however, ILI visits
decreased dramatically. In contrast, a household survey showed
that the reported incidence of ILI among community residents
was relatively stable throughout this timeframe and did not
correspond to the dramatic peak seen in ED visits. These data
suggest that hospital ILI visits may not reflect true ILI activity in

the community.
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This study helped to determine the potential impact of the
pandemic in one of the first cities affected by the novel virus by
establishing an estimated ILI attack rate of 4.6% in the com-
munity surrounding a school with a known outbreak of pHINI.
This rate suggests that despite the confirmed infection among
school attendees and their household contacts, there initially was
not widespread community transmission. Furthermore, the es-
timated ILI rate from this study is similar to other community
surveys conducted for seasonal influenza [7, 8]. However, the
comparator ILI rates were cumulative for a full influenza season
while our estimated ILI rate was determined for a 5-week period
and may not represent the full impact of the disease for a com-
plete transmission season.

A comparison of ILI cases to survey participants without ILI
identified possible risk factors for disease, including living in
higher-density housing and primary school exposure. High
school or college exposure was protective; most of these survey
participants were college students who may have been less likely
to interact with students, staff, or household contacts of the
affected primary school. While additional studies are needed to
confirm risk factors for pHINI, these findings further support
recommendations to mitigate transmission among household
and school contacts through good hand-hygiene practices and
targeting of primary school children for vaccination.

Similar to reports from other large metropolitan areas and
Chicago as a whole, confirmed pHINI cases reported from
community A occurred primarily among school-aged children [1,
9]. However, only 44% of the patients with ILI identified through
the community survey were <15 years of age, compared with 86%
of the patients with confirmed pHIN1. This difference may have
been due to age dependent differences in health care seeking, or
increased recognition and testing of sick children due to the
school-based outbreak. In fact, at least half of the patients with
confirmed pH1N1 had a direct connection to school X, compared
with none of the survey participants with ILL. One day after the
school closure in community A, CDPH revised previous guide-
lines and recommended that only patients hospitalized with ILI be
tested for pHIN1. By that time, the brief surge in local ED visits
for ILI and influenza testing, which was likely driven by students
from school X and their household contacts, had already oc-
curred. A similar survey in New York City found that a large
proportion of the children tested for pHIN1 were identified pri-
marily due to their association with a school-based outbreak [10].
Despite these differences in the proportions of school-aged chil-
dren, none of the confirmed pHIN1 or ILI cases in Community A
were >60 years of age. The low disease burden in older adults is
likely due to higher levels of cross-protective antibodies that have
been observed in this population secondary to their previous ex-
posure to other influenza HIN1 viruses [11, 12].

Although the community survey overcomes some of the
problems that result from determining pHIN1 disease burden

through laboratory-based surveillance for confirmed cases or
provider-based surveillance for ILI, the estimates derived from
the survey still have limitations. First, we cannot account for
how the closure of school X may have impacted the ILI rate in
community A [13-15], and these findings may not be applicable
to a similar setting where schools remain open. In addition,
while the survey provides an estimated ILI attack rate, it is un-
known how many of the ILI cases were actually due to pHINI.
Only one (14%) of the 7 nasal swabs obtained from recently ill
patients was positive for the novel viral RNA. A follow-up se-
rosurvey to evaluate for 2009 pHIN1 virus-specific antibody
among ILI cases is planned to help address this issue. Finally, the
population estimates derived from the raw data are dependent
on statistical calibrations made to account for nonresponse.
Since only 2000 Census estimates were available at the resolution
required for these calculations, changes in community de-
mographics such as age, race, or ethnicity may have impacted
the population estimates and could explain some of the differ-
ences between the confirmed pHIN1 cases and ILI cases iden-
tified through the survey.

Together with electronic surveillance data and information on
confirmed pHINTI cases, the household survey provided a more
complete picture of the incidence and epidemiology of ILI in
this Chicago community. Trends in hospital ILI visits, influenza
testing, and school absenteeism were each correlated with
numbers of confirmed pHINT1 cases reported to the health de-
partment. Because of the lag between illness onset and the testing
and reporting of a confirmed case, electronic surveillance data
could be used prospectively by health departments as a timely
way to track and predict short-term trends in expected pHIN1
cases. However, both electronic surveillance data and diagnosis
of confirmed influenza cases are influenced by other factors
such as public awareness, health care utilization patterns, and
testing practices. Community-based surveys are a valuable tool
to help assess the burden and epidemiology of ILI in a given
area. Finally, similar evaluations should be considered as
a model for assessing severity and community attack rates in the
future.
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