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Abstract

A school-based campaign in Knox County, TN immunized 41% and 48% of school children with 

live attenuated influenza vaccine in 2005 and 2006, respectively. We computed the relative risk 

(RR) of a positive rapid influenza test in Knox compared to Knox-surrounding county children 

(controls) during 5 baseline and 2 campaign seasons. Among children aged <5 years, the RR for a 

positive test remained relatively constant throughout the study seasons. Among children aged 5-17 

years (target population), the RR was 1 during baseline and declined by 21% (RR: 0.79, 95%CI: 

0.59-1.05) and 27% (RR: 0.73, 95%CI: 0.60-0.87) during the first and second campaign season, 

respectively. These findings suggest a direct beneficial effect of the immunization campaign.
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1. Introduction

Influenza epidemics impose a major burden of morbidity and mortality worldwide. Children 

are affected early during influenza epidemics and they serve as vectors introducing influenza 

into the communities [1, 2]. Schools, where children interact in close contact, provide a 

mean for transmission of influenza and subsequent spread in the community [2]. Therefore, 

school-based immunization provides opportunities for interruption of influenza transmission 

[2-4].

Needleless live attenuated influenza vaccine (LAIV) is particularly attractive for massive 

school-based immunization. LAIV has shown higher efficacy than inactivated vaccines in 

young children [5] and in asthmatic children aged 6-17 years [6]. However, similar 

comparison data in healthy school-aged children are limited. Furthermore, it was previously 
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demonstrated that in children, LAIV increased nasal IgA levels and reduced virus shedding 

during influenza episodes, compared to inactivated vaccines. Thus, LAIV also has the 

potential to reduce the transmission of influenza and prevent disease even in unvaccinated 

subjects (herd protection) [2, 5, 7, 8].

In 2008, the Advisory Committee on Immunization Practices (ACIP) recommended routine 

influenza immunization for all US children aged 6 months or older [7]. Mathematical 

models previously suggested that massive immunization of children could substantially 

mitigate the impact of an influenza epidemic in a community [9]. Recent studies suggested 

that the direct effect of immunization of school aged children with LAIV, reduced influenza-

confirmed disease, clinical symptoms and absenteeism [10-12]. Moreover, previous evidence 

from observational studies[13, 14] and from clinical trials performed primarily outside the 

US [15], indicated beneficial population effects of immunization of school-aged children. In 

the present study, we used data from influenza rapid antigen detection tests to assess the 

effect of a large county-wide school-based immunization campaign with LAIV implemented 

in Knox County, Tennessee.

2. Patients and Methods

In 2005, the Knox County Health Department of Tennessee initiated a county-wide school-

based influenza immunization campaign targeting public school children aged ≥5 years. 

Knox County has a single public school system and according to the Census Bureau, the 

2005 estimated County population was 409,116 with 6% aged <5 years and 19% aged 5-19 

years [16]. Approximately 88% of the population was white. From October-December 2005, 

LAIV was offered through weekday in-school and weekend clinics. Consent for 

immunization was obtained by sending a form to parents through their school children. 

Children presenting signed forms and without known contraindications for LAIV 

immunization were considered eligible. LAIV for the campaign was donated by 

MedImmune and costs associated with education and campaign information were assumed 

by the Knox Health Department [17].

Prior to the 2005-2006 influenza season, 24,198 (45%) children were immunized with LAIV 

among 53,420 public school students. Approximately 58% of 5,099 children aged <9 years 

received a second dose. During the second campaign year, LAIV as well as additional 

resources were donated by MedImmune to strengthen immunization efforts and to extend 

the campaign to private schools. The reported immunization coverage was 56% among 

Knox children attending kindergarten or elementary schools (typical age 5-11 years) and the 

coverage was approximately 45% and 30% among children attending middle and high 

school (typical age 12-18) [17]. Prior to the 2006-2007 season, Knox County immunized 

47% of 54,786 public school children and 61% of 5,998 private school children. 

Approximately 53% of children <9 years received a second dose. The estimated 

immunization coverage was 60% among Knox children attending kindergarten and 

elementary schools and the coverage was approximately 45% and 26% among children 

attending middle and high school, respectively (John Lott, personal communication). We 

estimated that overall, approximately 41% and 48% of Knox school children aged ≥5 years 

received at least one dose of LAIV during the first and second campaign years, respectively.
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We examined the effects of the Knox County school-based influenza immunization 

campaign using results of rapid influenza tests performed at the East Tennessee Children's 

Hospital (ETCH) in Knoxville (Directigen® Flu A+B, sensitivity (range: 75%-100%) and 

specificity (88%-99%) as compared with viral culture, used during years 2000-2002; and 

QuickVue®, sensitivity (77%-93%) and specificity (83%-94%) as compared with viral 

culture, used during years 2003-2007) [18]. An influenza season began on the week when 

the cumulative proportion of positive rapid influenza tests observed during Fall/Winter 

attained 2.5%. The season ended on the week when the cumulative proportion reached 

97.5%. This approach yielded similar results to strategies previously described [1] and each 

season contained at least 95% of positive influenza tests.

ETCH is the regional hospital that provides care for children from Knox and Knox-

surrounding counties. We analyzed data for the five pre-campaign (baseline) influenza 

seasons and for the two campaign seasons, and classified rapid test information according to 

patient's County of residence: Knox county and Knox-surrounding counties (eight counties 

surrounding Knox, where no immunization campaign was implemented). According to the 

Census Bureau, the 2005 estimated population of Knox-surrounding counties combined was 

451,203 with 6% aged <5 years and 18.5% aged 5-19 years. Approximately 96% of the 

population was white. [16]

We calculated the ratio of the proportion of positive test results between Knox and Knox-

surrounding counties during seven consecutive influenza seasons. A ratio (as an 

approximation to the relative risk, RR) of 1 indicated similar influenza activity in Knox and 

Knox-surrounding counties and 95% confidence intervals were calculated using the delta 

method. Confidence intervals encompassing 1 indicated no significant difference in risk 

between study populations. Children aged 5-17 years (target population of the campaign) 

were the primary study group. Sub-group analyses were done for children aged 5-11 and 

12-17 years, and data for children aged <5 years, who did not participate in the campaign, 

were also analyzed to assess potential herd protection. The study protocol was approved by 

the Institutional Review Boards of Vanderbilt and ETCH.

3. Results

During the seven influenza seasons, 10,425 and 6,670 children aged <18 years were tested 

with rapid influenza tests in Knox and Knox-surrounding counties, respectively. The number 

of tested children in Knox ranged from 431 during the 2000-2001 season to 2,808 during the 

2003-2004 season. Similarly, the number of tested children in Knox-surrounding counties 

ranged from 250 during the 2000-2001 season to 1,871 during the 2003-2004 season.

3.1. Children aged <5 years

In this age group, the mean age was 1.53 years (95% CI: 1.49-1.56) and 1.48 (95% CI: 

1.45-1.52) years for children from Knox and Knox-surrounding counties (p=0.089), 

respectively. Mean ages were similar throughout the study seasons, except for season 

2004-2005 when mean age of Knox children was significantly higher (p=0.045). Overall, 

27.0% of 6,460 Knox County tested children were positive for influenza, whereas 26.3% of 

4,517 Knox-surrounding counties tested children yielded positive results (RR: 1.03, 95% CI: 
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0.97-1.10). Ratios of positive rapid tests were close to 1 and remained relatively constant 

throughout the study seasons (Figure 1).

3.2. Children aged 5-17 years

The mean age among tested children from Knox County in this age group was 9.43 years 

(95% CI: 9.32-9.55) and 8.54 years (95% CI: 8.39-8.68) among children from Knox-

surrounding counties (p<0.001). The mean age of Knox County children was consistently 

higher than the mean age of children from Knox-surrounding counties during all seasons 

except for the 2005-2006 season when means were similar (p=0.082). During all study 

seasons, 27.3% of 3,965 Knox County children tested positive for influenza, whereas 29.6% 

of 2,153 Knox-surrounding counties children tested positive (RR: 0.92, 95% CI: 0.85-1.00).

During the five pre-campaign seasons, the ratios of positive rapid influenza tests remained 

relatively constant. During the first campaign season, we observed a non-significant decline 

in the ratio (RR: 0.79, 95% CI: 0.59-1.05) followed by a significant decline (RR: 0.73, 

95%CI: 0.60-0.87) during the second campaign season (2006-2007). A stratified analysis of 

children within the 5-17 year age group yielded similar results but was based on a small 

number of observations and had wide confidence intervals. For instance, the analysis of 

children aged 5-11 years showed RRs of 0.86 (95% CI: 0.6-1.24) and 0.76 (95% CI: 

0.62-0.94) for the first and second campaign seasons, respectively. Similarly, the respective 

RRs were 0.61 (95% CI: 0.37-1.02) and 0.63 (95% CI: 0.42-0.96) for children aged 12-17 

years. Moreover, the visual inspection of the distribution of weekly influenza activity 

suggested a shift among Knox children during the second campaign season (e.g. among 

children aged 5-17 years, the peak of activity was delayed by three weeks compared with 

Knox-surrounding counties and most pre-campaign seasons (Figure 2)).

4. Discussion

Our study suggests that immunization of a large proportion of school-aged children in Knox 

County reduced laboratory-diagnosed influenza associated health care visits in the 

community. The risk of a positive rapid influenza test was reduced after the implementation 

of the immunization campaign compared to five pre-campaign seasons. The risk of a 

positive influenza rapid test was significantly reduced by 27% during the second campaign 

season.

Our main analysis indicated a significant direct protection among Knox children aged 5-17 

years old, the main target of the campaign. Furthermore, despite differences in immunization 

coverage, a subgroup analysis indicated significant protection in both children aged 5-11 and 

12-17 years. However, the precision of these estimates was low due to a limited number of 

observations. These findings are consistent with a similar evaluation based on active 

surveillance of laboratory confirmed-influenza conducted in Knox and Davidson County, 

TN. That study suggested a protective effect of the immunization campaign for Knox 

children aged 5-12 years.[19]

Similar to the study comparing children in Knox and Davidson Counties, our results do not 

support indirect or “herd” effects for children aged <5 years, who were not part of the 
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campaign.[19] However, influenza vaccine was recommended for children aged 6-23 months 

starting in 2004 and those aged 6 months to 4 years starting in 2006. The proportion of 

Tennessee children aged 6-23 months fully immunized against influenza was 15.5% and 

21.2% for the 2005-2006 and 2006-2007 seasons, respectively [20, 21]. Thus, there was 

likely modest vaccination of children aged <5 years in both the campaign and control 

counties, which limited our ability to detect herd effects if they occurred.

Using our data we calculated crude estimates of vaccine efficacy for children aged 5-17 

years. During the first campaign season, approximately 41% of all Knox school aged 

children were immunized. Given the observed relative risk of 0.79 and assuming that the risk 

of influenza was the same for unvaccinated children from Knox and Knox-surrounding 

counties, the estimated protection provided by LAIV would be 51.2% (RR: 0.79=[1-

(0.41*Vaccine Efficacy)]/1). Similarly, during the second campaign season, approximately 

48% of all Knox school aged children were immunized. Given the observed relative risk of 

0.73, the estimated protection provided by LAIV would be 56.3% (RR: 0.73=[1-

(0.48*Vaccine Efficacy)]/1). These estimates assume no immunization of school-aged 

children in Knox-surrounding counties. Accounting for any influenza immunization of these 

children would increase our vaccine efficacy estimates.

Several limitations in our study must be discussed. First, although ETCH is the primary 

children's hospital in the Knox County region, it is a single hospital and our results are not 

population-based. The lack of a defined population receiving care at ETCH precluded the 

calculation of incidence rates. Second, we do not have information on the children's disease 

severity. Although the application of rapid tests provides a specific measurement of 

influenza activity, the effects of the campaign on clinical outcomes (i.e. hospitalizations or 

outpatient visits) are unknown. Third, our estimates could be affected if Knox children 

infected with influenza were less likely to be tested at ETCH during campaign seasons. 

Fourth, in spite of the high specificity of influenza rapid tests, they are imperfect and their 

systematic application could result in non-differential misclassification of cases, making 

campaign effects harder to ascertain. Furthermore, during the campaign seasons 

(2005-2007), influenza activity was mild and the vaccine match was suboptimal (http://

www.cdc.gov/flu/weekly/fluactivity.htm). Finally, although we assessed effects of the 

immunization campaign on the target age group, the effects among older unvaccinated 

groups remain unknown. However, a comparison of adults aged ≥50 years in Knox and 

Davidson counties during the second campaign season found no difference in influenza 

hospitalization rates.[22]

In conclusion, our findings suggest that a large school-based influenza immunization 

campaign with LAIV significantly reduced healthcare visits for influenza among Knox 

children aged 5-17 years, the main target of the campaign. The declines in the probability of 

laboratory-diagnosed influenza infections, in years with suboptimal vaccine match, suggest 

substantial direct vaccine effectiveness.
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Figure 1. 
Changes in the ratio of positive influenza rapid tests among children aged <5 years. East 

Tennessee Children's Hospital, influenza seasons 2000-01 through 2006-07

Footnote: Influenza seasons data are from East Tennessee Children Hospital (ETCH). 

Ratios (RR, relative risk) indicate the proportion of influenza positive tests among Knox 

residents divided by the proportion of influenza positive tests among residents of Knox-

surrounding counties (controls).
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Figure 2. 
Changes in the ratio of positive influenza rapid tests among children aged 5-17 years. East 

Tennessee Children's Hospital, influenza seasons 2000-01 through 2006-07

Footnote: Influenza seasons data are from East Tennessee Children Hospital (ETCH). 

Ratios (RR, relative risk) indicate the proportion of influenza positive tests among Knox 

residents divided by the proportion of influenza positive tests among residents of Knox-

surrounding counties (controls).
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