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Abstract
Outpatient burden of laboratory-confirmed influenza among children in Knox and Davidson
Counties was compared in 2006–2007 when only Knox County had a school-based influenza
vaccine campaign. Of 1016 eligible children seeking outpatient care, 87% were enrolled and 20%
were influenza-positive. Estimated influenza vaccination coverage was similar in Knox and
Davidson for preschool-age children (36% versus 33%) but higher for school-age children (44%
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versus 12%). Influenza detection was higher among Knox than Davidson County preschool-age
children (18% versus 10%) but similar among school-age children (28% versus 27%). These data
are consistent with a direct effect of the campaign in school-age children.
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1. Introduction
Acute respiratory illnesses (ARIs) are responsible for over 20% of all ambulatory care visits
among U.S. children <13 years of age,[1] with influenza accounting for 5%–30% of all
outpatient visits during the influenza season annually among children aged <5 years.[2–6]
Due to the large burden of influenza, the Advisory Committee on Immunization Practices
(ACIP) of the Centers for Disease Control and Prevention (CDC) recommended universal
influenza vaccination of all children aged 6–23 months and their household contacts in
2004–2005.[7–10] Beginning in the 2006–2007 season, universal influenza vaccination was
extended to all children aged 6–59 months and their household contacts.[11] In 2008, both
the ACIP and the American Academy of Pediatrics expanded universal influenza
vaccination to all children aged 0.5–18 years.[12;13]

Prior to the 2005–2006 influenza season, a school-based, live-attenuated influenza
vaccination program was conducted in Knox County, achieving coverage of 45% of school-
age children enrolled in county public schools.[14] Since a similar immunization campaign
was launched in Knox County the next season (2006–2007), targeted at 70% coverage, we
sought to measure the impact of this program. As part of the CDC-funded New Vaccine
Surveillance Network activities we conducted active population-based surveillance for
laboratory-confirmed influenza in children aged <13 years in Davidson County, TN, located
about 180 miles west of Knox County. Similar outpatient surveillance was established in
Knox County with the goal of comparing the proportion of children aged <13 years in
outpatient (emergency department (ED) and hospital-based clinic) settings with laboratory-
confirmed influenza infections between the two counties.

2. Methods
2.1. School-based vaccination campaign in Knox County

The Knox County Department of Health initiated an extensive, school-based live-attenuated
influenza vaccination campaign (LAIV, Medimmune) in both public and private schools
between September and December 2006. Across Knox County, 48% of all public and
private school children were vaccinated;[15] half of children <9 years received the
recommended 2-dose LAIV series (John Lott, personal communication). The campaign was
completed well before the influenza season.

2.2. County Descriptions
Knox County, TN has approximately 412,000 residents of whom 6% are <5 years and 16%
are 5–17 years of age, 88% are white, 9% are black and 2% are Hispanic. The 2006 median
family income was $59,467 and 10% of families were below the poverty level.[16] In
comparison, Davidson County, TN has approximately 579,000 residents of whom 8% are <5
years and 16% are 5–17 years of age, 65% are white, 28% are black and 7% are Hispanic.
The 2006 median family income was $54,309 and 12% of families were below the poverty
level.[16]
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2.3. Study Population
All children aged <13 years from Knox or Davidson County who presented to the ED or
outpatient clinic at the children’s hospital in each county with a parental report of respiratory
symptoms or fever were eligible for enrollment. Although only children ≥6 months are
recommended to receive influenza vaccine, we included those too young to be vaccinated, to
assess potential indirect benefits. Respiratory symptoms included cough, nasal congestion,
wheezing, sore throat, earache, difficulty breathing or fever. Study nurses enrolled
approximately 6–8 eligible children per surveillance day in each setting. In each clinic,
children were enrolled on average 2 days per week during clinic hours. In the ED, children
were enrolled an average of 2 and 4 days per week in Knox and Davidson Counties,
respectively, with systematic variation representing all weekdays but time periods from
10am–8pm. If multiple children were available concurrently, nurses approached the first
triaged child. Children were not eligible if they had been enrolled in the past 4 days, if the
parent/guardian did not speak English, if the parent/guardian was not present or did not give
written informed consent, or if age and developmentally appropriate children did not assent.
Children whose parents did not speak English accounted for 1% and 5% of the eligible
population in Knox and Davidson County, respectively. Approximately 85% and 50% of all
county children seeking care for ARIs or fever in any ED presented to the surveillance ED
in Knox and Davidson Counties, respectively.

2.4. Ethics
The study was approved by the Institutional Review Boards of East Tennessee Children’s
Hospital and Vanderbilt University School of Medicine.

2.5. Settings and Comparison of Vaccination Coverage
Children seen in the ED or outpatient clinic of the children’s hospital in each county were
targeted for enrollment. All of these settings serve an urban, underserved population with
>80% of children having public insurance. Because analyses by the clinic and ED setting
were similar, they are combined. Since the EDs served at least half of each county
population, we used vaccination coverage of influenza-negative ED children to estimate the
influenza vaccine coverage among county children who seek care in the ED for ARI or
fever. In fact, our estimated coverage in Knox County school-age children was close to the
county’s estimated percentage of school-age children vaccinated. We had no universal
vaccine registry or independent estimate of vaccination rates in Davidson County.

2.6. Data collection
Each enrolled child had a standardized survey administered to the parent/guardian to
ascertain demographic characteristics, illness history, medical history, and influenza
vaccination status in 2006–2007. Nasal and throat swabs for influenza detection were
obtained from all enrolled children. Chart review ascertained insurance status and medical
history.

2.7. Influenza Vaccination Status
Parental report of the child’s influenza vaccination status was verified with the Tennessee
Immunization Registry (not universal) or the clinic where the child received vaccinations.
Children with verified influenza vaccination status were classified as fully vaccinated,
partially vaccinated or unvaccinated. Only vaccinations given ≥14 days prior to enrollment
were enumerated, which did not impact the vaccination status of any child who received
LAIV. For the 2006–2007 season, children were considered fully vaccinated if they were
aged ≥9 years and received one dose of the 2006–2007 influenza vaccine; if they were aged
0.5–8 years and received two doses of influenza vaccine at least one month apart; or if they
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were aged 1–8 years, received one dose of influenza vaccine and had been previously
vaccinated. Children were considered partially vaccinated if they were aged 0.5–8 years,
received one of two recommended doses of influenza vaccine and were not previously
vaccinated. Children were considered unvaccinated if they did not receive any influenza
vaccine ≥14 days prior to enrollment. Most (78%, 221/282) first doses of influenza vaccine
and 37% (19/51) of second doses were administered prior to the influenza season.

2.8. Definition of Influenza Season
Although surveillance was conducted from November through April, influenza season was
defined as the 18-week period from December 10, 2006 through April 14, 2007, which
captured all positive influenza results in both counties.

2.9. Laboratory Procedures
Nasal and throat swabs were obtained from all enrolled children and transported in viral
transport media on ice and stored at 2–8°C until processing (within 24 hours). Aliquots were
diluted with lysis buffer (Roche Applied Science) and stored at −80°C. RNA was extracted
from frozen aliquots using automated methods (MagNApure LC, Roche Applied Science).
Real-time reverse transcriptase polymerase chain reaction (RT-PCR) assays were performed
using influenza A and B primers and probes previously described.[17;18] Each specimen
was also tested for β-actin (Applied Biosystems).[19;20] Specimens without detectable β-
actin on three separate analyses were considered inadequate and excluded from analysis.
Influenza infection was defined as a specimen with detectable β-actin and two positive
consecutive PCR assays for influenza A or B (to exclude potential false-positives that can
occur with highly sensitive PCR-based assays).[21] A portion of PCR-positive specimens
were cultured in primary rhesus monkey kidney cells and sent to the CDC for influenza
subtyping.

2.10. Analysis
The primary study outcome compared the proportion of influenza-positive children by
county and age groups by binomial distribution for both settings combined and assumed that
other causes of ARI would be similar between the two counties. The p-value was computed
to test the null hypothesis that p1=p2 in the two counties. The study was powered to detect
relatively large differences in the proportion of children with influenza in the two counties
based on the assumptions 1) that 70% of Knox County school children were targeted to be
vaccinated, 2) that few (<10%) Davidson County school children would be vaccinated in the
absence of a national recommendation for school-age children or a school-based campaign,
and 3) that mathematical models predicted if 20% of children were vaccinated then the
number of influenza cases would decrease by 46%.[22] Given 330 enrolled children <13
years of age in each county and a projected proportion of influenza-positive children in
Davidson County of 20%, 10%, or 5%, we had at least 80% power to detect significant
differences if the proportion of Knox County visits with influenza infection was 12%, 4%,
and 1% or lower, respectively. Assessment of overall vaccination coverage included only
those children who were aged 0.5–12 years with verified influenza vaccination status,
enrolled in the ED and were influenza-negative. Although influenza-negative children with
ARI in the ED may not precisely reflect the overall county vaccination rates, they were used
to compare vaccination differences between the two studied counties.

Influenza isolates were sent to the CDC and classified as good match, minor antigenic
variant, or poor match to the 2006–2007 vaccine; the results for each county were compared
by chi-square test.
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3. Results
3.1. Enrollment Characteristics

Knox County: Of 532 eligible children approached during the 18-week influenza season of
2006–2007, 443 (83%) were enrolled. Reasons for non-enrollment were parent or child
refusal to participate (88%) or parent was not available (12%). Six children’s samples had
no detectable β-actin and were excluded, leaving a study population of 437 children from
Knox County.

Davidson County: Of 484 eligible children approached during the influenza season, 447
(92%) were enrolled. Reasons for non-enrollment were parent or child refusal to participate
(30%), parent was not available (3%), parent did not speak English (62%) and unknown
(5%). Three children had no detectable β-actin and were excluded, leaving a study
population of 444 children from Davidson County.

3.2. Demographic Characteristics and Symptoms
More Knox County children were enrolled in the ED (359, 82%) than in the hospital-based
clinic (78, 18%); whereas more Davidson County children were enrolled in the hospital-
based clinic (255, 57%) than in the ED (189, 43%). Most parents (91%) reported that their
child had a regular doctor and 31% reported that their child had previously seen a doctor for
this illness prior to the enrollment visit. Enrolled and non-enrolled children differed only in
that non-enrolled children were younger and more likely to have unknown insurance status.

Combining both study sites, the demographic characteristics were similar for influenza-
positive and influenza-negative children with two exceptions. More black than white
children had confirmed influenza (Table 1); more school-age than preschool-age children
were influenza-positive (27% versus 14%, p<0.001, Figure 1).

More influenza-positive than influenza-negative children had subjective fever (96% versus
74%, p<0.001), nasal congestion (91% versus 85%, p=0.04) and poor appetite (79% versus
62%, p<0.001), whereas cough (91% versus 86%, p=0.09) was similar in both groups. More
influenza-positive than influenza-negative children aged 5–12 years had headache (69%
versus 54%, p=0.01) and myalgia (43% versus 29%, p=0.02), whereas sore throat (66%
versus 62%, p=0.46) was similar in both groups.

3.3. Proportion Influenza-positive
In Knox County, 95 (22%) of 437 eligible children had laboratory-confirmed influenza
infections—16% influenza A and 6% influenza B (Figure 2A). In Davidson County, 79
(18%) of 444 eligible children had influenza—10% influenza A and 8% influenza B; one
child had both influenza A and B (Figure 2B). The proportion of children with influenza was
similar in both counties (p=0.14), with influenza A preceding influenza B in both counties.
More Knox than Davidson County children aged 0–4 years had influenza infection (18%
versus 10%, p=0.01), whereas similar proportions of children aged 5–12 years had influenza
infections (28% versus 27%, p=0.85). Patterns were similar in an analysis confined to the
ED; small numbers enrolled in the Knox County clinic setting precluded a separate analysis
of that setting.

3.4. Influenza Match
Thirty-six influenza isolates from Knox (N=22) and Davidson County (N=14) were sent to
the CDC for characterization. The proportions characterized as good match, minor antigenic
variant, and poor match were similar in Knox and Davidson Counties (50%, 45% and 5%
versus 64%, 21% and 14%, p=0.27).

Poehling et al. Page 5

Vaccine. Author manuscript; available in PMC 2013 June 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3.5. Vaccination Status
Influenza vaccination status was verified for 95% and 100% of Knox and Davidson County
children, respectively. In Knox County, the proportion of children who had influenza
vaccination status verified did not differ by age group, influenza disease status, type of
insurance (public or private) or enrollment setting. In both counties, children enrolled in the
clinic were more likely to be vaccinated than children enrolled in the ED. Although a higher
proportion of children aged 5–12 years were vaccinated in Knox than Davidson County in
both settings, we limited the analysis to a comparison of children enrolled in the ED only to
maximize comparability of the study populations. Similar proportions of children aged 0.5–4
years in the ED had any verified influenza vaccinations in both Knox and Davidson
Counties (36% versus 33%, p=0.69, Figure 3). In contrast, more Knox than Davidson
County children aged 5–12 years (44% versus 12%, p<0.001) were vaccinated.

4. Discussion
Our study demonstrated that 20% of children <13 years with ARI or fever in both Tennessee
counties during the 2006–2007 season had laboratory-confirmed influenza infections. More
school-age than preschool-age children were influenza-positive, indicating the large burden
of influenza in school-age children and supporting the expansion of the ACIP
recommendations to all school-age children.[23] Estimated influenza vaccine coverage in
preschool-age children in both counties was comparable, likely resulting from the ACIP and
AAP recommendations for universal annual influenza vaccination of all children aged 0.5–4
years.[11] However, despite similar vaccine coverage, the proportion of preschool children
with influenza infection was almost twice as high in Knox as in Davidson County, possibly
suggesting that the influenza season was more severe in Knox County. Estimated
vaccination coverage among school-age children in the ED was higher in Knox than
Davidson County, highlighting the success of the Knox County school-based influenza
vaccine campaign. Yet, differences in vaccination coverage in the school-age children did
not translate into lower proportion of laboratory-confirmed influenza illnesses in Knox
County.

Several reasons may have contributed to our inability to detect a difference in the proportion
of all children with laboratory-confirmed influenza infection in the two counties, our
primary study objective. First, based on prediction models,[22] our study was only powered
to detect 40% less influenza in the intervention than the control county, assuming that the
school-based immunization program would have a major effect on county influenza burden.
After initiating this study, several published manuscripts suggested that this prediction
model likely overestimates the indirect prevention,[24–26] and our results support this
conclusion. Certainly, the school-based immunization campaign in Knox County did not
stop the influenza epidemic, and we were unable to show large differences between these
two counties. The fact that only two counties were studied with more similar vaccine
coverage than anticipated limited our ability to detect small differences. An estimated 12%
of children aged 5–12 years in Davidson County were vaccinated, which is higher than we
anticipated. Hence, we were, in effect, trying to detect direct and indirect benefits of
vaccination in children with an estimated absolute difference in vaccination coverage of
school-age children in the two counties of only 32% and with no differences in vaccination
coverage in younger children. Second, each influenza season varies yearly and by
geographic site. Although Knox and Davidson County are only 180 miles apart, the severity
of the influenza season between the two counties might have varied, even without the
school-based influenza vaccine initiative in Knox County. The higher proportion of
influenza-positive preschool children in Knox County with similar vaccine coverage
suggests that the influenza season may have been more severe in Knox County. If so, then
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the similar burden of influenza in school-age children is consistent with a direct benefit of
the vaccination campaign in Knox County as compared to Davidson County.

Our study has several other limitations. This study was limited to children aged <13 years,
and to only one ED and one outpatient clinic in each county. The impact of vaccinating
children on the influenza disease burden of adults is important, especially given recent
studies suggesting that previous studies overestimated the influenza vaccine effectiveness in
elderly adults.[27] A separate but concurrent study was performed in Knox County that
assessed the risk of laboratory-confirmed influenza hospitalizations in adults.[28] Because
there is annual variation in influenza severity, geographic variability within each season and
variability in the extent to which influenza vaccine matches circulating strains, further
studies are needed to better appreciate the impact of school-based vaccinations. The lower
than expected vaccine impact might have resulted from the fact that only one (A H1N1) of
four circulating strains (other three: A H3N2 and two B strains) was a good match to the
2006–2007 influenza vaccine.[29] Yet, from the 36 samples tested, there was no obvious
difference in vaccine match among isolated viral strains between the two counties.

Our results are consistent with several other studies. Influenza is a common cause of ARI
and fever among outpatient children with an even higher proportion of ARI visits due to
influenza among school-age than preschool-age children.[6] During the 18-week influenza
season in 2006–2007, 22% of children aged 0–12 years with fever or ARI had influenza,
which is within the reported range of 9% to 39% for laboratory-confirmed influenza in
children.[29–31] In Knox and Davidson Counties, providers had similar success in
vaccinating the recommended age group of children 0.5–4 years during that season, and
estimated vaccination rates were comparable to estimates using immunization information
systems.[32] The school-based campaign did increase vaccinations in school-age children
and coverage estimates were comparable to other school-based influenza immunization
program; 47% vaccinated in 11 schools, 40% vaccinated in 3 elementary schools, and 45%
of children in Knox County in the previous season.[14;24;33]

In summary, influenza was associated with a significant burden of illness despite a school-
based influenza campaign and moderate adherence to recommendations to vaccinate
children aged <5 years. Influenza was responsible for a greater proportion of ARI visits
among school-age than preschool-age children, supporting the anticipated expansion of the
influenza vaccine recommendation to all children aged 0.5–18 years.[34] The data from the
two counties are consistent with a direct benefit of the vaccination campaign for school-age
children, but do not suggest any substantial indirect effect in younger children. Herd effects
may require higher vaccination rates and/or a better match of vaccines with the circulating
influenza strains.
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Figure 1.
Proportion of children 0–12 years of age who were influenza-positive during the 18-week
influenza season by age group and county.
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Figure 2.
Figure 2A. Proportion of children 0–12 years of age who were influenza A or B positive
during each week of the 18-week influenza season in Knox County
Figure 2B. Proportion of children 0–12 years of age who were influenza A or B positive
during each week of the 18-week influenza season in Davidson County
*One Davidson County child in week 1 had an influenza A and B infection.
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Figure 3.
Influenza vaccination status of influenza-negative children 0.5–12 years of age enrolled in
the ED by age group in Knox County and Davidson County.
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