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Background

Vaccination of children in school is one strategy to reduce the spread of influenza 
in households and communities.

Methods

We identified 11 demographically similar clusters of elementary schools in four 
states, consisting of one school we assigned to participate in a vaccination program 
(intervention school) and one or two schools that did not participate (control 
schools). During a predicted week of peak influenza activity in each state, all house-
holds with children in intervention and control schools were surveyed regarding 
demographic characteristics, influenza vaccination, and outcomes of influenza-like 
illness during the previous 7 days.

Results

In all, 47% of students in intervention schools received live attenuated influenza 
vaccine. As compared with control-school households, intervention-school households 
had significantly fewer influenza-like symptoms and outcomes during the recall 
week. Paradoxically, intervention-school households (both children and adults) had 
higher rates of hospitalization per 100 persons than did control-school households. 
However, there was no difference in the overall hospitalization rates for children 
or adults in households with vaccinated children, as compared with those with 
unvaccinated children, regardless of study-group assignment. Rates of school absen-
teeism for any cause (based on school records) were not significantly different be-
tween intervention and control schools. 

Conclusions

Most outcomes related to influenza-like illness were significantly lower in intervention-
school households than in control-school households. (ClinicalTrials.gov number, 
NCT00192218.)
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Children are important vectors 

for the spread of influenza within house-
holds and communities.1-6 Focusing efforts 

for influenza vaccination on healthy children may 
therefore be an effective and practical method of 
reducing the burden of influenza in the commu-
nity.7-10 A recent pilot study demonstrated the 
feasibility of using trivalent, live attenuated influ-
enza vaccine (FluMist, MedImmune) to vaccinate 
children in school and suggested there was a sig-
nificant reduction in the rate of influenza-related 
outcomes in the households of children enrolled 
in the study.11 The primary objective of our study 
was to assess the effect of a school-based vacci-
nation program on the households of children 
attending the schools.

Me thods

Control and Intervention Schools

We selected 24 public elementary schools in Mary-
land, Texas, and Minnesota and 4 parochial schools 
(kindergarten through eighth grade) in Washing-
ton state to participate in the study, to represent 
geographically and demographically diverse re-
gions. Participating schools were grouped into 
clusters of two or three schools that were matched 
with respect to geographic characteristics and to 
students’ ethnic background and socioeconomic 
status (according to the proportion of students 
receiving a subsidized lunch or tuition waiver). In 
each of the 11 clusters, one school was selected 
as the “intervention school” and was offered live 
attenuated influenza vaccine, and the other schools 
were designated as “control schools.” The inter-
vention school was selected randomly in seven of 
the clusters but designated by the school boards 
in the other four clusters (three in Maryland and 
one in Texas). School administrators in these four 
clusters would not accept a placebo-controlled or 
blinded study because of the disruption of class 
and staff time, with no benefit to pupils receiving 
placebo.

In the intervention schools, live attenuated in-
fluenza vaccine was offered at no charge to all 
healthy children 5 years or older in the fall of 
2004. Members of households with children in ei-
ther intervention schools or control schools could 
also receive influenza vaccination through their 
regular health care providers. The vaccine was 
administered according to its approved package 
insert.12 Study nurses administered the 2004–

2005 formulation of the vaccine12 intranasally to 
students during regular school hours. Children 
younger than 9 years who had never received the 
vaccine were offered a second dose 6 to 10 weeks 
after the first dose. The institutional review board 
of each participating center approved the protocol. 
Written informed consent was obtained from the 
parents or guardians of all children who received 
the vaccine in the intervention schools. In addition, 
assent was obtained from the older children.

Community Influenza Surveillance

The week of peak influenza activity early in 2005 
was predicted for each state on the basis of re-
sults of influenza cultures, antigen tests, or both 
from regional medical center laboratories and 
physician offices and on the basis of surveillance 
data from the Centers for Disease Control and Pre-
vention (CDC), to trigger the distribution of the 
household survey. Retrospective review of the local 
data was used to identify periods of influenza 
activity for analysis of school-based attendance. 
At the end of the influenza season, three outbreak 
periods were defined in each of the four study 
sites: the peak influenza week (defined as the week 
with the highest number of positive influenza 
tests), the influenza outbreak period (defined as 
the weeks before and after the peak week that 
had the next highest number of positive influenza 
tests until the total number of positive influenza 
tests was 85% or more of the season’s total posi-
tive tests), and the intense influenza outbreak 
period (defined as the 4-week period encompass-
ing the peak week, giving the highest number of 
patients with positive results).

Household Questionnaire

Immediately after the predicted peak week, all 
households with children in intervention and con-
trol schools received a questionnaire (see the Sup-
plementary Appendix, available with the full text 
of this article at www.nejm.org). The anonymous 
questionnaire included questions about the demo-
graphic characteristics and influenza-vaccination 
status of household members. It also included 
questions about outcomes among household mem-
bers from the previous week related to influenza-
like illness, which was defined as fever or respi-
ratory illness that included any one or more of the 
following symptoms: runny nose, nasal conges-
tion, sinus problems, earache, ear infection, cough, 
sore throat, muscle aches, chills, or wheezing. 
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Questionnaires recorded the number of children 
and adults who had visited doctors or clinics, been 
hospitalized, taken medications, and missed days 
of school or work because of influenza-like illness.

School Attendance

We collected data on absenteeism for any cause 
for each week of the academic year from each 
school. Within intervention schools, rates were 
also collected separately for students who had re-
ceived the vaccine.

Vaccine-Related Medical Outcomes

At the time of vaccination, parents of children 
who were about to receive the vaccine in an inter-
vention school were questioned regarding the vac-
cinee’s influenza-like symptoms, medication use, 
medically attended visits, and days of school lost, 
as well as paid days of work lost by a parent for 
the previous 7 days. This survey was repeated for 
the 7 days after the vaccination. Parents were ad-
vised to report to study coordinators any serious 
adverse events that occurred within 42 days after 
vaccination.

Statistical Analysis

To assess the primary objectives, we compared 
outcomes related to influenza-like illness of mem-
bers of all households with children in interven-
tion schools with those of households with chil-
dren in control schools with respect to the rate of 
each of the outcomes collected in the question-
naire. We calculated these rates by determining 
the total number of events among household 
members (summing across households) and divid-
ing by the total number of people in the house-
holds (also summing across households). To assess 
the statistical significance of observed differences 
and to control for differences in states and clus-
ters, the data were analyzed with the use of linear 
mixed-effects regression models, using household-
specific rates of each outcome as the dependent 
variables. The model included random effects for 
cluster and school and a fixed effect for state and 
intervention.

In an additional post hoc analysis, we com-
pared households with children in elementary or 
middle school who received the vaccine with those 
with children who did not receive the vaccine 
across all outcomes, regardless of study-group 
assignment. The analytic approach was similar 
to that used for the primary objective.

A secondary objective was to assess the num-
ber of school absences with the use of adminis-
trative data from the schools. The change in ab-
senteeism was calculated for each school between 
the weeks before influenza activity (September 
and October) and each predicted influenza out-
break period. These differences were used as de-
pendent variables in a linear mixed-effects model, 
which included a random effect for the cluster 
and a fixed effect for the state. In intervention 
schools only, we calculated the difference in ab-
sentee rates between students who received the 
vaccine and students who did not receive the vac-
cine, by means of the paired t-test.

In an additional secondary analysis, we as-
sessed the immediate effect of vaccination by 
comparing the responses to the survey adminis-
tered at the time of vaccination with the respons-
es provided 7 days later with respect to recent 
symptoms, medical care, school absenteeism, and 
workdays lost. The statistical significance of ob-
served differences was assessed with the use of 
a generalized-estimating-equation approach13 to 
account for the correlation between repeated ob-
servations from the same person. 

The original study design was proposed by 
the principal academic investigator and refined 
with input from the other authors (see the Sup-
plementary Appendix for the contributions of 
specific authors). This study was sponsored by 
MedImmune. One of the investigators was em-
ployed by MedImmune at the time of the study 
and participated in the writing of the manuscript. 
The authors had complete and unfettered access 
to the data and vouch for the veracity and com-
pleteness of the data and analyses.

R esult s

Study Schools

The intervention and control schools had similar 
characteristics (Table 1), including the number of 
students enrolled, the number of households, his-
torical rates of absenteeism, ethnic background, 
and socioeconomic level.

Vaccine Recipients

A total of 2717 of 5840 students (47%) in interven-
tion schools received the vaccine after parental 
consent (range, 30 to 56%). Of the 1535 eligible 
students, 95% received a second dose. Of the vac-
cinated students, 73% had received no previous 
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Table 1. Demographic Characteristics of Students and Their Households.*

Characteristic Intervention Schools Control Schools

Student data from school records

Number of schools 11 17

Total student population (as of September 6, 2004) 5840 9451

Range of enrollment at all schools (September 6, 2004, to March 7, 2005) 174–969 189–998

Average number of households per school 384 412

Historical school absentee rates per student (days absent per 100 school days)

2001–2002 4.3 4.0

2002–2003 4.4 4.2

2003–2004 4.2 4.0

Race or ethnic group — %

White 68 70

Black 17 15

Hispanic 9 10

Asian 6 3

Other 2 1

Participation in school-lunch or tuition-waiver programs — % 34 34

Household data from questionnaires 

Questionnaires distributed — no.  4206 6952

Responses to questionnaires — no. (%) 3224 (77) 5763 (83)

Responses included in analysis — no. (%) 3022 (94) 5488 (95)

Race or ethnic group — %

White 70 71

Black 11 10

Hispanic 7 7

Asian 3 2

Other 6 7

No response 3 2

Current vaccination with live attenuated influenza vaccine — %

Adults 2 2

Infants 9 2

Elementary school students 45 2

Middle school students 15 2

High school students 3 2

Current vaccination for influenza (injection) — %

Adults 11 11

Infants 17 16

Elementary school students 8 10

Middle school students 7 8

High school students 9 5

Households with an adult at home during school day — no. (%) 1571 (52) 2862 (52)

Adults working outside the home — no. (%) 4780 (79) 8616 (78)

Health insurance — %

Private 66 62

Public 15 16

Other 16 18

None 4 5

* Percentages may not total 100 because of rounding. Race or ethnic group was reported by each school system.
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influenza vaccination. The average age of vacci-
nated students was 7.9 years (range, 5 to 14). The 
ethnic background of vaccinated students was 
similar to that of the overall population of the in-
tervention school.

Identification of Peak Influenza Week

The peak influenza week was predicted correctly 
at two sites and was within 2 to 4 weeks at the 
other sites, as determined by retrospective sur-
veillance data (Fig. 1). Of the positive specimens 
obtained, 75% tested positive for influenza A and 
25% for influenza B. Nationally, the CDC report-
ed predominantly influenza A (H3N2) isolates, 
the majority of which were A/California/7/2004, 
a drifted strain that was antigenically distinct from 
the influenza A (H3N2) strain in the vaccine.14

Primary Outcomes

Questionnaires were returned by 77% of house-
holds with children in intervention schools and 
by 83% of households with children in control 
schools (Table 1). The number of reported epi-
sodes of influenza-like symptoms during the pre-
dicted peak influenza week was significantly lower 
in households with children in intervention schools 
than in households with children in control schools 
(Table 2). Reported rates of illness reflected rates 
for the entire household, which should not be 
confused with incidence rates based on reports of 
symptoms of individual household members. The 
number of reported episodes of fever plus cough 
or sore throat in children and adults in house-
holds with children in intervention schools was 
significantly lower than that in households with 
children in control schools (P<0.001 for compar-
isons of both children and adults in each group). 
The use of prescription, over-the-counter, and 
herbal medications for influenza-like illness was 
significantly lower in households with children 
in intervention schools than in households with 
children in control schools (P<0.001), as was the 
use of humidifiers (P = 0.001).

As compared with children in control-school 
households, children in intervention-school house-
holds had fewer visits to doctors or clinics for 
influenza-like illness (P<0.001), and adults in these 
households had a trend toward fewer such vis-
its (P = 0.06). The rates of emergency-room visits 
did not differ significantly between the groups. 
Members of intervention-school households (both 
children and adults) had higher rates of hospital-

ization per 100 persons than did those in control-
school households (0.27 and 0.10 for children, re-
spectively; P = 0.03; and 0.20 and 0.13 for adults, 
respectively; P = 0.05). However, the post hoc analy-
ses comparing households with children who were 
vaccinated with those with children who were not 
vaccinated did not reveal a statistically significant 
difference in the number of hospitalizations for 
either children (0.20 per 100 persons for the vac-
cinated group vs. 0.10 per 100 persons for the un-
vaccinated group) or adults (0.15 per 100 persons 
for the vaccinated group vs. 0.15 per 100 persons 
for the unvaccinated group). Hospitalizations were 
reported at every site except Seattle (see the Sup-
plementary Appendix).

As compared with households with children 
in control schools, households with children in 
intervention schools reported significantly lower 
absentee rates for influenza-like illness among 
students in elementary school (P<0.001) and high 
school (P = 0.03) and significantly fewer workdays 
that were missed by parents to care for their own, 
or someone else’s, influenza-like illness (P = 0.04).

Although 4 of the 11 intervention schools were 
not selected randomly, similar results were ob-
tained when the analysis of data from the ques-
tionnaires was restricted to the randomized 
schools.

Prespecified Secondary Analyses

School Reports of Absenteeism
The change in absenteeism for any reason from 
baseline to the time of the defined influenza out-
break periods did not differ significantly between 
the two groups (Table 3). Both intervention and 
control schools had increases in the rates of over-
all absenteeism during the influenza outbreak 
(Fig. 1). Within intervention schools, unvaccinated 
students had a significantly greater increase in 
absentee rates over baseline than did vaccinated 
students for the predicted peak week (P = 0.002), 
the intense influenza outbreak period (P = 0.01), 
and the influenza outbreak period (P = 0.006).

Safety
Results from surveys taken both before and after 
the administration of the vaccine were consistent 
with previous experience with live attenuated in-
fluenza vaccine12 (Table 2 of the Supplementary 
Appendix). In surveys taken after vaccination, stu-
dents had significantly elevated rates of symptoms 
of influenza-like illness (with the exception of 
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wheezing) and use of nonprescription medicines 
and humidifiers than in surveys taken before vac-
cination. Vaccinated students had no significant 
increases in the use of prescription medications, 
visits to doctors or clinics, or missed days of 
school or work. No hospitalizations were reported 
among vaccinees in the first 7 days after vaccina-
tion. Four serious adverse events were noted in four 
students within 42 days after receiving the vac-
cine. These events included an episode of wheez-
ing, shortness of breath, cough, and broncho-
spasm 4 days after vaccination in a 7-year-old, 
which was judged by an unblinded investigator 
as possibly related to the vaccine; the episode did 
not result in hospitalization. The other three events 
were judged either as not related or as probably 
not related to the vaccine by investigators who were 
aware of study-group assignments. These events 
included sore throat, nausea and vomiting, and fe-
ver with an elevated white-cell count 16 days after 
vaccination in a 7-year-old; gastroenteritis 1 day 
after vaccination in a 6-year-old; and an asthmatic 
exacerbation 36 days after vaccination in a 9-year-
old. All events resolved completely.

Discussion

This school-based vaccination intervention result-
ed in a reduction in influenza-related outcomes 
in household members of children attending inter-
vention schools — a finding that was consistent 
with the results from an earlier pilot study.11 Un-
like traditional vaccine trials, this study was de-
signed to compare the effect of school-based vac-
cination on schoolchildren and their household 
members regardless of the vaccination status of 
individual students. For this reason, the primary, 
prospectively defined analysis, which compared 
results in the intervention schools with those in 
the control schools (i.e., analysis by the unit of 
randomization), was the most appropriate mea-
sure. By comparing all children in control schools 
with all children in intervention schools (includ-
ing those not vaccinated), we avoided potential 
confounding owing to differences between chil-
dren who chose to be vaccinated and those who 
did not choose to be vaccinated. Children who did 
not receive the vaccine included those whose un-
derlying medical conditions put them at risk for 
influenza-related complications.

The safety profile of live attenuated influenza 
vaccine in this study reveals a modest but statis-

tically significant increase in influenza-like symp-
toms and the use of nonprescription drugs after 
vaccination. However, these symptoms were prob-
ably mild because there were no significant in-
creases in the use of prescription medications, 
visits to doctors or clinics, or school days or work-
days lost by household members. There also was 
no increase in episodes of one of the most seri-
ous symptoms — wheezing. However, in accor-
dance with the prescribing information for the 
vaccine, children with asthma were not knowing-
ly vaccinated.

For feasibility reasons, our study was not pla-
cebo-controlled — a major limitation. Our pri-
mary outcome analysis relied on the anonymous 
household questionnaire. This questionnaire was 
more susceptible to bias than were the school-
based absentee data, which were essentially blind-
ed. The bias in responses to the questionnaire 
would probably be strongest in households with 
children in intervention schools who received the 
vaccine. The temporal separation between the 
vaccination effort in the fall of 2004 and the dis-
tribution of the questionnaires in February 2005 
should have reduced this type of response bias.

In the secondary analysis, the school-based 
data on absenteeism did not confirm the differ-
ences observed in school absentee rates from data 
on the household questionnaires. Although the 
school-based data on absenteeism may be less 
subject to parental recall or selection bias than 

Figure 1 (facing page). Relationship between Number 
of Positive Influenza Tests and School Absentee Rates 
in Intervention Schools and Control Schools during Key 
Periods of Influenza Outbreaks in Washington (Panel A), 
Minnesota (Panel B), Texas (Panel C), and Maryland 
(Panel D) in 2005, as Compared with Baseline Measures.

Baseline measures of absentee rates, which were ob-
tained during an 8-week period in September and Octo-
ber 2004, are shown on the far left side of each panel, 
with numbers on the x axis indicating weeks of the year. 
The reference week of the questionnaire in early 2005 
is indicated as a red number on the x axis in each panel. 
The peak week was defined as the week with the high-
est number of positive influenza tests. The influenza 
outbreak period was defined as the weeks before and 
after the peak week that had the next highest number 
of positive influenza tests until the total number of 
positive influenza tests was 85% or more of the season’s 
total positive tests. The intense influenza outbreak period 
was defined as the 4-week period encompassing the peak 
week, giving the highest number of patients with posi-
tive results. CDC denotes Centers for Disease Control 
and Prevention.
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Table 2. Primary Analysis of Rates of Reported Use of Health Care and Medication, Missed Workdays, and School Absences Owing to Fever 
or Influenza-like Illness during the Peak Influenza Week, as Reported on the Household Questionnaire.*

Outcome
Intervention 

Schools Control Schools
Adjusted Absolute 

Difference (95% CI) P Value

Fever or influenza-like illness 

Total no. of households 3022 5,488 — —

Children — no. (%)

Any fever or influenza-like illness 1220 (40) 2,874 (52) 10.9 (8.4 to 13.3) <0.001

Fever plus cough or sore throat† 512 (17) 1,446 (26) 8.3 (6.3 to 10.2) <0.001

Adults — no. (%) 

Any fever or influenza-like illness 979 (32) 2,429 (44) 10.8 (8.0 to 13.6) <0.001

Fever plus cough or sore throat† 253 (8) 710 (13) 3.7 (2.3 to 5.2) <0.001

Use of health care 

Children — total no. 7892 14,017 — —

Type of care — rate per 100 persons

Outpatient (doctor’s office or clinic) 7.27 11.37 3.39 (2.16 to 4.62) <0.001

Emergency department or urgent care 1.03 1.32 0.24 (–0.22 to 0.70) 0.31

Inpatient 0.27 0.10 –0.13 (–0.25 to −0.01) 0.03

Adults — total no. 6046 11,080 — —

Type of care — rate per 100 persons

Outpatient (doctor’s office or clinic) 4.96 6.70 1.12 (–0.04 to 2.28) 0.06

Emergency department or urgent care 0.89 0.97 –0.21 (–0.66 to 0.24) 0.36

Inpatient 0.20 0.13 –0.13 (–0.27 to 0.00) 0.05

Type of treatment

Prescription — rate per 100 persons 7.27 11.70 3.71 (2.46 to 4.95) <0.001

Over-the-counter — rate per 100 persons 17.43 25.26 7.71 (6.20 to 9.20) <0.001

Vitamins or herbal remedies — rate per 100 persons 7.05 11.06 4.38 (3.06 to 5.69) <0.001

Vaporizers or humidifiers — rate per 100 persons 4.39 5.88 1.69 (0.68 to 2.69) 0.001

School absence 

Any school-age children — rate per 100 persons 4.34 6.63 2.00 (1.27 to 2.73) <0.001

Elementary school students 4.37 7.00 2.35 (1.44 to 3.26) <0.001

Middle school students 5.23 6.10 0.36 (–0.10 to 0.81) 0.63

High school students 3.46 5.75 1.73 (0.21 to 3.24) 0.03

Paid workdays missed by adults

For any fever or influenza-like illness or to care for children 
with fever or influenza-like illness — mean no. 
of days

0.292 0.388 0.07 (0 to 0.14) 0.04

To care for sick child‡ — mean no. of days 0.202 0.264 0.05 (–0.01 to 0.10) 0.09

* The questionnaire was administered immediately after the predicted peak influenza week. Calculations of adjusted absolute differences and 
P values were based on a mixed-effects model, including random school and cluster effects and controlling for differences between states. 
Dashes denote that data are not applicable.

† The responses were from households reporting one or more children or adults with fever and one or more children or adults with either 
cough or sore throat.

‡ The responses were only from households in which no adults ordinarily stayed home during the school day.
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are the household data, the data from the two 
sources are not directly comparable. The effects 
of an influenza vaccination program on absentee-
ism will be influenced by the percentage of the 
measured absenteeism owing to influenza, and 
the direct and indirect effects of the intervention. 
Although the questionnaire data included absenc-
es owing to influenza-like symptoms, the school-
based attendance data included absences for any 
reason, thus possibly “diluting” the effects of in-
fluenza. In addition, the “direct” effects of the 
intervention on the outcome may have differed 
and would have depended on the relative percent-
age of vaccinees within a household or school. 
Finally, at the vaccination rates achieved in this 
study, the effects of indirect protection from in-
fluenza at the community level (herd immunity) 
may have occurred at the household level, but 
not at the school level. Although the precise rea-
sons for the differences in results are not known, 
the public health implication is that vaccination 
of elementary schoolchildren may have an indi-
rect effect on the occurrence of influenza-like 
illness within their own households.

The strength of this school-based intervention 
study is that it represents a population-level inter-
vention. Even though fewer than half the children 
were vaccinated, important benefits were observed. 
We did not systematically collect information on 
reasons why families chose not to participate in 
the vaccination program. Nonetheless, the simi-
larity of the populations of students and house-
holds is demonstrated by the close match in the 
demographic composition of the control and in-
tervention schools. Sensitivity analysis of the ques-
tionnaire data did not reveal any notable differ-
ences in results between clusters in which the 
intervention school was or was not selected ran-
domly. Community influenza surveillance allowed 
us to predict a week with high influenza activity 
during which household questionnaires could be 
distributed, which should have enhanced the 
specificity of outcomes related to influenza-like 
illness. In addition, surveillance allowed the pre-
cise delineation of influenza activity in the com-
munity retrospectively. However, the lack of cul-
ture-confirmed end points may have resulted in 
an underestimation of effectiveness, because mea-
surement of nonspecific outcomes tends to un-
derestimate effectiveness.15

The results of our primary analysis of data 
from questionnaires showed an increased rate of Ta

bl
e 

3.
 S

ch
oo

l-R
ep

or
te

d 
R

at
es

 o
f S

tu
de

nt
 A

bs
en

te
ei

sm
 fo

r 
A

ny
 R

ea
so

n,
 a

s 
C

om
pa

re
d 

w
ith

 B
as

el
in

e.
*

A
bs

en
ce

In
te

rv
en

ti
on

 S
ch

oo
ls

C
on

tr
ol

 S
ch

oo
ls

D
if

fe
re

nc
e 

be
tw

ee
n 

B
as

el
in

e 
an

d 
O

ut
br

ea
k 

Pe
ri

od

In
flu

en
za

 
V

ac
ci

ne
N

o 
In

flu
en

za
 

V
ac

ci
ne

A
ll 

St
ud

en
ts

A
ll 

St
ud

en
ts

In
flu

en
za

 V
ac

ci
ne

 v
s.

 
N

o 
In

flu
en

za
 V

ac
ci

ne
 a

t 
In

te
rv

en
tio

n 
Sc

ho
ol

 
(9

5%
 C

I)
*

P 
V

al
ue

†

In
te

rv
en

tio
n 

Sc
ho

ol
 

vs
. C

on
tr

ol
 S

ch
oo

l 
(9

5%
 C

I)
P 

V
al

ue
‡

ra
te

 p
er

 1
00

 s
ch

oo
l d

ay
s

B
as

el
in

e 
pe

ri
od

2.
66

4.
04

3.
38

3.
37

—
—

—
—

Pe
ak

 w
ee

k
4.

04
7.

20
5.

71
6.

04
1.

8 
(0

.8
 to

 2
.8

)
0.

00
2

0.
2 

(–
0.

4 
to

 0
.8

)
0.

44

In
te

ns
e 

in
flu

en
za

 o
ut

br
ea

k 
pe

ri
od

4.
55

6.
92

5.
78

5.
91

1.
0 

(0
.3

 to
 1

.7
)

0.
01

0.
2 

(–
0.

3 
to

 0
.6

)
0.

47

In
flu

en
za

 o
ut

br
ea

k 
pe

ri
od

4.
27

6.
50

5.
44

5.
56

0.
8 

(0
.3

 to
 1

.4
)

0.
00

6
0.

2 
(–

0.
2 

to
 0

.6
)

0.
38

* 
Th

e 
ba

se
lin

e 
w

as
 d

ef
in

ed
 a

s 
an

 8
-w

ee
k 

pe
ri

od
 in

 S
ep

te
m

be
r 

an
d 

O
ct

ob
er

 2
00

4.
 T

he
 p

ea
k 

w
ee

k 
w

as
 d

ef
in

ed
 a

s 
th

e 
w

ee
k 

w
ith

 t
he

 h
ig

he
st

 n
um

be
r 

of
 p

os
iti

ve
 in

flu
en

za
 t

es
ts

. T
he

 in
flu

en
-

za
 o

ut
br

ea
k 

pe
ri

od
 w

as
 d

ef
in

ed
 a

s 
th

e 
pe

ri
od

 im
m

ed
ia

te
ly

 b
ef

or
e 

an
d 

af
te

r 
th

e 
pe

ak
 w

ee
k 

th
at

 h
ad

 t
he

 n
ex

t 
hi

gh
es

t 
nu

m
be

r 
of

 p
os

iti
ve

 in
flu

en
za

 t
es

ts
 u

nt
il 

th
e 

to
ta

l n
um

be
r 

of
 p

os
iti

ve
 

in
flu

en
za

 t
es

ts
 w

as
 8

5%
 o

r 
m

or
e 

of
 t

he
 s

ea
so

n’
s 

to
ta

l p
os

iti
ve

 t
es

ts
. T

he
 in

te
ns

e 
in

flu
en

za
 o

ut
br

ea
k 

pe
ri

od
 w

as
 d

ef
in

ed
 a

s 
th

e 
4-

w
ee

k 
pe

ri
od

 e
nc

om
pa

ss
in

g 
th

e 
pe

ak
 w

ee
k,

 g
iv

in
g 

th
e 

hi
gh

es
t 

nu
m

be
r 

of
 p

at
ie

nt
s 

w
ith

 p
os

iti
ve

 r
es

ul
ts

. D
as

he
s 

de
no

te
 t

ha
t 

da
ta

 a
re

 n
ot

 a
pp

lic
ab

le
.

†
 P

 v
al

ue
s 

w
er

e 
ca

lc
ul

at
ed

 b
y 

m
ea

ns
 o

f t
he

 p
ai

re
d 

t-
te

st
.

‡
 P

 v
al

ue
s 

w
er

e 
ca

lc
ul

at
ed

 w
ith

 t
he

 u
se

 o
f a

 m
ix

ed
-e

ffe
ct

s 
m

od
el

, i
nc

lu
di

ng
 c

lu
st

er
 e

ffe
ct

s 
an

d 
co

nt
ro

lli
ng

 fo
r 

st
at

e 
di

ffe
re

nc
es

.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on July 10, 2009 . For personal use only. No other uses without permission. 



n engl j med 355;24 www.nejm.org december 14, 20062532

Effectiveness of School-Based Influenza Vaccination

hospitalization for influenza-like illness among 
households with children in intervention schools, 
as compared with households with children in 
control schools. These data are contrary to other 
responses on the questionnaire. A post hoc analy-
sis comparing households with vaccinated chil-
dren and those with unvaccinated children indi-
cated no significant difference in the rates of 
hospitalization in the two groups. This finding 
suggests that vaccination within the household 
was not the reason for the reported increased 
hospitalization for either children or adults. The 
post hoc analysis suggests that the results of the 
primary analysis of hospitalization rates are not 
robust. The questionnaire was not optimally de-
signed to measure or characterize infrequent 
events, such as hospitalization, that we observed 
in this study. Nonetheless, it is difficult for us to 
understand why household members from inter-
vention schools had an increased rate of hospi-
talization.

Previous studies have revealed reductions of 
various influenza-related outcomes in households 
or communities from interventions such as influ-
enza vaccination of schoolchildren, prophylaxis 
with rimantadine, or the closing of schools dur-
ing influenza outbreaks.8,16,17 A recent study con-
ducted in Texas showed that herd immunity was 
associated with the use of live attenuated influ-

enza vaccine in children.18 Our multicenter study 
extends these observations and demonstrates that 
school-based immunization against influenza di-
rectly and indirectly reduces outcomes related to 
influenza-like illness.
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