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Background. Influenza vaccines may be reformulated annually because of antigenic drift in influenza viruses.
However, the relationship between antigenic characteristics of circulating viruses and vaccine effectiveness (VE) is
not well understood. We conducted an assessment of the effectiveness of US influenza vaccines during the 2010-
2011 season.

Methods. We performed a case—control study comparing vaccination histories between subjects with acute
respiratory illness with positive real-time reverse transcription polymerase chain reaction for influenza and influ-
enza test-negative controls. Subjects with acute respiratory illness of <7 days duration were enrolled in hospitals,
emergency departments, or outpatient clinics in communities in 4 states. History of immunization with the 2010-
2011 vaccine was ascertained from vaccine registries or medical records. Vaccine effectiveness was estimated in
logistic regression models adjusted for study community, age, race, insurance status, enrollment site, and presence
of a high-risk medical condition.

Results. A total of 1040 influenza-positive cases and 3717 influenza-negative controls were included from the
influenza season, including 373 cases of influenza A(HIN1), 334 cases of influenza A(H3N2), and 333 cases of
influenza B. Overall adjusted VE was 60% (95% confidence interval [CI], 53%-66%). Age-specific VE estimates
ranged from 69% (95% CI, 56%-77%) in children aged 6 months-8 years to 38% (95% CI, —16% to 67%) in
adults aged >65 years.

Conclusions. The US 2010-2011 influenza vaccines were moderately effective in preventing medically attend-
ed influenza during a season when all 3 vaccine strains were antigenically similar to circulating viruses. Continued
monitoring of influenza vaccines in all age groups is important, particularly as new vaccines are introduced.

A major consequence of the continuous antigenic evo- to contain strains that are antigenically similar to the

lution of influenza viruses is that influenza vaccines strains predicted to circulate in the upcoming season.
must be evaluated before each Northern and Southern ~ Because of the short time available for their manufac-
Hemisphere influenza season and possibly reformulated ~ ture and the unpredictability of influenza epidemiology,

these new formulations of influenza vaccine are released

for use in the United States based on antigenic compo-
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sition rather than on clinical trials demonstrating im-
munogenicity of that specific formulation.

The study reported here is part of an ongoing effort
to provide annual estimates of the effectiveness of in-
fluenza vaccines licensed for use in the United States.
We sought to assess how much effectiveness varies
from season to season, including the effects of

Effectiveness of Influenza Vaccines ¢ CID 2012:55 (1 October) e 951



antigenic match, and to obtain information regarding the ef-
fectiveness of vaccines in specific groups at greater risk of
complications following influenza infection, including children
and adults aged >65. These studies utilize an observational
study design in which individuals with acute respiratory
illness (ARI) are tested by a sensitive and specific real-time
reverse-transcription polymerase chain reaction (rRT-PCR)
diagnostic test, and the proportion vaccinated among those
who test positive for influenza is compared with the proportion
vaccinated among those who test negative. This design is some-
times referred to as a test-negative case-control approach [1].

Previous studies conducted by the same sites have evaluated
the effectiveness of seasonal influenza vaccine against 2009-
2010 seasonal influenza in a year with poor antigenic match-
ing, the effectiveness of the 2009-2010 seasonal vaccine
against 2009 pandemic HIN1 in the first wave of the pandem-
ic from May to July 2009 (unpublished), and the effectiveness
of unadjuvanted pandemic vaccine against 2009 pandemic
HIN1 during the second wave from September 2009 to April
2010 [2]. The current study reports the effectiveness of influ-
enza vaccine against seasonal influenza at 4 geographically
diverse sites during the 2010-2011 season, in which a close
match existed between the vaccine and the circulating virus
for all 3 vaccine components.

METHODS

Enroliment
We enrolled persons seeking care for ARI at medical facilities
affiliated with the Marshfield Clinic and St. Joseph’s Hospital,
Marshfield, Wisconsin; the University of Michigan Health
System, Ann Arbor, and Henry Ford Health System, Detroit,
Michigan; the University of Rochester (Strong Memorial and
Rochester General Hospitals), Rochester, New York; and Van-
derbilt University, Summit, St. Thomas, and Baptist Hospitals,
Nashville, Tennessee. Details regarding enrollment procedures
in each of the sites have been previously published [2].
Surveillance for ARI was conducted in 3 settings: pediatric
and adult outpatient clinics and practices, emergency depart-
ments, and inpatient pediatric and adult hospital units. The
source populations for the study included community-
dwelling children and adults who resided in the counties or
zip codes surrounding the participating study centers. Subjects
were eligible to participate if they were aged >6 months and
had an ARI with a duration of <7 days with documented
fever or history of feverishness or cough. Potentially eligible
subjects were initially identified by review of admission lists,
triage boards, or other lists of current patients. Subjects or
their parents or guardians were then approached by trained
study staff to assess eligibility and obtain informed consent.

Each consented participant (or parent/guardian) completed
an interview to ascertain symptoms and date of symptom
onset. Age, sex, self-reported race, insurance status, and
history of chronic medical conditions were obtained from in-
terview or medical record review. Subjects were defined as
high risk if they had documented medical conditions that in-
crease the risk of influenza complications, as defined by the
Advisory Committee on Immunization Practices (ACIP) [3].

Samples of respiratory secretions for diagnostic testing were
obtained from all subjects by nasal and throat swabs obtained
sequentially or nasal swab alone for children aged <2 years or if
throat swab could not be obtained. Samples were transported in
transport media on wet ice in a single cryovial to the diagnostic
laboratory at each center. In 3 communities, receipt of seasonal
2010-2011 influenza vaccine was ascertained by patient or paren-
tal report and confirmed by medical record review and/or state
vaccine registries. In Wisconsin, vaccine receipt was confirmed by
a real-time Internet-based vaccine registry (http:/www.recin.
org) that captures 95% of all influenza vaccinations in that
population [4]. Strains contained in 2010-2011 trivalent North-
ern Hemisphere influenza vaccines included an A/California/7/
2009 (HIN1)-like virus, an A/Perth/16/2009 (H3N2)-like virus,
and a B/Brisbane/60/2008 (B Victoria lineage)-like virus.

Study procedures, informed consent documents, and data
collection forms were reviewed and approved by institutional
review Bbards representing each of the sites enrolling patients.

Laboratory Methods

Respiratory specimens collected from each enrolled patient
were tested for the presence of influenza at each study site
using a consensus rRT-PCR protocol (S. Lindstrom, personal
communication) using dual-labeled probe (Tagman) chemis-
try. The Centers for Disease Control and Prevention (CDC)
provided primers, probes, control materials, and a proficiency
testing panel, which was completed by each laboratory site
prior to study initiation. Specific methods are available from
the CDC upon request. The rRT-PCR-positive specimens
were cultured using Madin-Darby Canine Kidney or rhesus
monkey kidney cells, and a subset of viral isolates was antigen-
ically characterized at the CDC by hemagglutination inhibi-
tion assay using postinfection ferret antisera [5].

Vaccine Effectiveness Estimates

Vaccine effectiveness (VE) was estimated by using a test-
positive case—test-negative control design [1]. Cases were defined
as individuals meeting the medically attended ARI definition
with rRT-PCR-confirmed influenza, and controls were indi-
viduals with similar illnesses in whom rRT-PCR was negative
for influenza. The primary exposure was receipt of at least 1
dose of seasonal influenza vaccine at least 14 days before illness
onset. The VE was then estimated as 100% x (1 - adjusted
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Figure 1.

negative acute respiratory illness controls (blue bars) by week of enroliment.

Numbers of influenza-positive acute respiratory illness cases (red bars) and influenza reverse transcription polymerase chain reaction—

odds ratio) using logistic regression models; both crude, unad-
justed, and adjusted estimates of effectiveness were provided.
Age in years, study community, and enrollment site (outpa-
tient, inpatient, or emergency department) were included in all
multivariable models a priori, and other variables were includ-
ed if they affected the effectiveness point estimate. In the final
model, these covariates included race (white or nonwhite),
presence of a high-risk medical condition, and insurance status
(public or other). Stratified analyses were performed by age
category. We separately examined effectiveness of inactivated
and live attenuated vaccines, effectiveness against influenza
types A and B, and effectiveness against influenza A HIN1 and
influenza A H3N2. We also evaluated VE for children aged <9
years by immunized status (fully and partially vaccinated).
Finally, we examined effectiveness by enrollment site.

Analyses were conducted using SAS 9.1 software (SAS Insti-
tute). A 95% confidence interval (CI) was calculated for each
estimate; if this interval excluded 0%, the estimate was consid-
ered statistically significant. Comparisons between cases and
controls and between vaccinated and unvaccinated patients
were conducted by using the x test.

RESULTS

Enrollment at each study site began when the percentage of
clinical laboratory specimens testing positive for influenza

began to increase in the community or on the week of 17
January 2011, whichever came first, and ended after either 12
weeks of surveillance or 2 weeks without cases. Accordingly,
the period of enrollment was 17 January 2011 to 14 April
2011 at the sites in Marshfield, Wisconsin; 1 December 2010
to 27 April 2011 at the sites in Ann Arbor and Detroit, Mich-
igan; 24 December 2010 to 1 May 2011 at the sites in Roches-
ter, New York; and 4 December 2010 to 26 March 2011 at the
sites in Nashville, Tennessee. During this period, 5137 subjects
were enrolled in the study of which 1113 (22%) were influenza
positive. The epidemic curve of enrollment of virus-positive
cases and virus-negative controls is shown in Figure 1.

In total, 380 subjects were excluded from the final analysis
of effectiveness, including 74 virus-positive and 306 virus-
negative subjects (Figure 2). The main reason for exclusion
from the analysis was inability to verify vaccination history
from medical records, which resulted in exclusion of 306 of
5122 (6%) potential subjects. Other reasons for exclusion in-
cluded determination that the onset of symptoms was >7 days
prior to enrollment (59 subjects), inconclusive rRT-PCR
results (13 subjects), and inadvertent enrollment of infants too
young to receive influenza vaccine (2 subjects). In addition, 45
subjects who received vaccine within 14 days of illness onset
were also excluded from the analysis of VE.

The characteristics of the subjects analyzed in the study
are shown in Table 1. Influenza cases were more likely than
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Figure 2. Numbers of subjects enrolled and excluded from the final
analysis of vaccine effectiveness. PCR, polymerase chain reaction.

rRT-PCR-negative ARI controls to be enrolled in the emer-
gency department or outpatient settings and less likely to be
enrolled in the hospital setting. Cases were more likely than
controls to be aged 9-49 years, non-white, and uninsured.
Cases were less likely than controls to have recognized influen-
za high-risk conditions, and cases tended to have a shorter
duration of symptoms prior to sampling than did the controls.

Regardless of whether they were cases or controls, unvacci-
nated subjects were more likely to be seen in the emergency
department, to be aged 9-49 years, to be non-white, and to
lack health insurance (Table 2). In addition, presence of an
influenza high-risk condition was associated with increased
likelihood of vaccination. The great majority of vaccinated
subjects in each age group studied received inactivated influ-
enza vaccines, and overall only 8% of the subjects received live
attenuated influenza vaccine (LAIV). The most commonly ad-
ministered vaccine was Fluzone (Sanofi Pasteur; trivalent inac-
tivated vaccine containing 15pg hemagglutinin of each
component), which accounted for 69% of all of the vaccines
received by subjects in the analysis. Only 11 subjects received
the high-dose Fluzone (Sanofi Pasteur; trivalent inactivated
vaccine containing 60 ug HA of each component).

The overall age-adjusted VE for receipt of inactivated or live
attenuated vaccine was 60% (95% CI, 53%-66%; Table 3).
Vaccine effectiveness was similar by age group but declined

Table 1. Descriptive Characteristics of Enrolled Patients With
Medically Attended Acute Respiratory Infections by Case/Control
Status

Influenza-
Influenza Negative
Cases Controls
Characteristics N=1040 % N=3717 % PValue
Study community
Marshfield, WI 219 21 1535 41 <.001
Rochester, NY 145 14 350 9
Southeast, Ml 377 36 864 23
Nashville, TN 299 29 968 26
Enroliment site
Outpatient 760 73 2638 71 <.001
Inpatient 112 11 634 17
Emergency Dept 168 16 445 12
Sex
Male 473 45 1678 45 .84
Female 567 55 2039 55
Age groups
6 months-2 years 96 9 688 19 <.001
3-8 years 271 26 767 20
9-18 years 141 14 472 13
19-49 years 341 32 957 26
50-64 years 126 12 473 13
65-74 years 38 4 177 5|
>75 years 27 3 183 5
Race
White 583 56 2586 70 <.001
Black 258 25 651 18
Other 199 19 480 13
Insurance status
Not insured 87 8 200 5 .002
Private insurance 660 63 2466 66
Public insurance 293 28 1051 28
High-risk condition
No 712 68 2320 62 <.001
Yes® 328 32 1397 38
Onset to test
<3 days 477 46 1596 43 <.001
3-4 days 397 38 1313 35
5-7 days 166 16 808 22

? Presence of at least 1 condition among high-risk-respiratory; high-risk—
cardiovascular; high-risk—diabetes; and high-risk—other diseases.

among those aged >65 years. In this age group, VE was 38%
and was not statistically significant. However, because relative-
ly few elderly subjects were evaluated, the estimate of VE in
this age group was imprecise. There was substantial VE in
children aged 6 months-2 years (58%; 95% CI, 31%-74%),
although the estimate was slightly lower than that in children
aged 3-8 years (69%; 95% CI, 56%-77%). The overall VE in
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Table 2. Descriptive Characteristics of Enrolled Patients With
Medically Attended Acute Respiratory Infections by Vaccination
Status

Vaccinated® Unvaccinated

Characteristics N=2275 % N=2482 % PValue
Study community
Marshfield, WI 870 38 884 36  <.001
Rochester, NY 237 10 258 10
Southeast, Ml 505 22 736 30
Nashville, TN 663 29 604 24
Enrollment site
Outpatient 1670 73 1728 70  <.001
Inpatient 373 16 373 15
Emergency Dept 232 10 381 15
Sex
Male 1000 44 1151 46 .05
Female 1275 56 1331 54
Age groups
6 months-8 years® 1029 45 793 32 <.001
9-49 years 638 28 1273 51
>50 years 608 27 416 17
Race
White 1586 70 1583 64  <.001
Black 350 15 559 23
Other 339 15 340 14
Insurance status
Not insured 50 2 237 10 <.001
Private insurance 1493 66 1633 66
Public insurance 732 32 612 25
High-risk condition
No 1297 57 1735 70 <.001
Yes 978 43 747 30
Onset to test
<3 days 985 43 1088 44 42
3-4 days 825 36 885 36
5-7 days 465 20 509 21
Influenza test
Negative 1958 86 1759 71 <.001
Positive 317 14 723 29
Influenza A 212° 9 498 20 <.001
Influenza B 105 5 228° 9  <.001
Influenza H1N1 94 4 279 11 <.001
Influenza H3N2 115 5 219 9 <.001

@ Vaccinated subjects are defined by last dose of the vaccine received >14
days before symptom onset.

b Partially or fully immunized.
° Three influenza A were unsubtyped.
94 Three unvaccinated subjects were coinfected with both influenza A and B.

children aged 6 months-8 years was 63% (95% CI, 52%-72%).
Among vaccinated children aged 6 months-8 years, 704 of
1029 (68%) had been fully vaccinated, and 325 of 1029 (32%)

had been partially vaccinated, according to ACIP recommen-
dations [6]. Adjusted VE for fully vaccinated children was
68% (95% CI, 56%-77%) and was 55% (95% CI, 36%-68%)
for partially vaccinated children.

Because LAIVs are currently licensed for use in individuals
aged 2-49 years, we also made specific estimates of VE for
LAIVs in this age range (Table 3). The effectiveness of at least
1 dose of LAIV in children aged 2-8 years was similar to that
of Trivalent Inactivated Vaccine in this age group (adjusted
VE, 70%). Effectiveness of LAIVs in those aged 9-49 year olds
was lower (adjusted VE, 41%), as was VE for inactivated
vaccine (adjusted VE, 52%). However, because LAIVs were rarely
used in this age group, the estimate was not precise. Our results
suggested that VE for LAIVs was higher among enrolled sub-
jects aged 2-8 years than among those aged 9-49 years.

Vaccine effectiveness did not vary by enrollment site. For
subjects enrolled as outpatients, adjusted VE was 59% (95%
CI, 52%-67%); for those enrolled in the emergency depart-
ment, it was 61% (95% CI, 40%-75%); and for those enrolled
as inpatients, VE was 61% (95% CI, 38%-76%). Adjusted VE
was slightly higher in individuals without a known influenza
high-risk condition (62%; 95% CI, 53%-69%) than in those
with high-risk conditions (54%; 95% CI, 40%-64%).

During the study period, we detected 334 cases of influenza
A H3N2, 373 cases of influenza A HINI, and 333 cases of
influenza B. All viral isolates assessed at the CDC for antigenic
relatedness to the vaccine strains by hemagglutination inhibi-
tion tests using postinfection ferret antisera were antigenically
similar to the vaccine strains. Adjusted VE estimates by influ-
enza type and subtype are shown in Table 4. Vaccine effective-
ness was similar for each of the 3 components of the vaccine
among children, and although lower overall, VE was also
similar between types and subtypes in adults aged >50 years.
However, the estimates of VE for influenza A H3N2 and influ-
enza B in adults aged 9-49 years were substantially lower than
for influenza A HIN1 and were also lower than the estimates
in other age groups.

DISCUSSION

In this large study conducted during the 2010-2011 US influ-
enza season, during which all 3 components of the vaccine
were antigenically similar to circulating influenza viruses and
>1000 cases were enrolled, we found an overall VE of 60% for
prevention of laboratory-confirmed, medically attended influ-
enza illness due to any influenza virus. Because of the large
number of cases, we were able to estimate VE with consider-
able precision (95% CI, 53%-66%). These results extend those
of earlier studies conducted by the same centers in which we
estimated the effectiveness of monovalent pandemic HIN1
vaccine at 56% [2] and found VE of seasonal trivalent vaccine
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Table 3. Percent Vaccinated by Case/Control Status and Crude and Adjusted Vaccine Effectiveness® by Age Group and Vaccine

Influenza Positive (Cases) Influenza Negative (Controls) Unadjusted Adjusted
Age Group No. Vaccinated/Total % Vaccinated No. Vaccinated/Total % Vaccinated VE %  95% Cl  VE %° 95% ClI
Any seasonal vaccine
All ages 317/1028 31 1958/3684 53 61 55-66 60 54-66
6 months-2 years 47/93 51 465/675 69 54 29-70 58 31-74
3-8 years 79/269 29 438/756 58 70 59-78 69 56-77
9-49 years 104/479 22 534/1425 37 54 41-64 51 36-62
50-64 years 47/124 38 263/470 56 52 29-68 51 25-68
>65 years 40/63 63 258/358 72 33 -18t062 36 —22 to 66
Inactivated seasonal
vaccine
All ages 269/980° 27 1730/3456° 50 62 56-68 62 55-68
2-8 years 66/283 23 443/833 53 73 64-80 71 58-78
9-49 years 91/466 20 477/1368 35 55 42-65 52 37-64
>50 years 79/179 44 491/798 62 51 32-64 47 24-63
Live attenuated
seasonal vaccine
2-49 years 31/623° 5 162/1443 11 59 39-72 65 46-77
2-8 years 22/239 9 128/518 25 69 50-81 71 50-83
9-49 years 9/384 2 34/925 4 37 -33t070 42 -281to 74

Abbreviations: Cl, confidence interval; VE, vaccine effectiveness.

@ Vaccinated subjects are defined by last dose of the vaccine received >14 days before symptom onset.

® For all ages models: adjusted for study site, age in years, age group, race, insurance, enrollment site, and high-risk condition. For age-specific models: adjusted

for study site, age in years, race, insurance, enrollment site, and high-risk condition.

¢ Excluded subjects with live attenuated vaccine (n = 31) and unknown vaccine type (n = 17) prior to illness onset date.
9 Excluded subjects with live attenuated vaccine (n = 162) and unknown vaccine type (n = 66) prior to illness onset date.

¢ Excluded subjects aged <2 years or >49 years (n=240) and those with inactivated vaccine (n=157) and unknown vaccine type (n = 8) prior to illness onset

date.

f Excluded subjects aged <2 years or >49 years (n = 1295) and those with inactivated vaccine (n = 920) and unknown vaccine type (n = 26) prior to illness onset

date.

against seasonal HIN1 in the 2008-2009 season at 47% and
against a lineage mismatched influenza B virus at 28%
(unpublished).

Other studies of influenza VE using similar study designs have
shown variable levels of effectiveness. A recent study performed
over 3 years did not show VE in the 2004-2005 season during
which a mismatched influenza A/H3N2 virus was the main virus
detected, demonstrated 28% VE in the 2005-2006 season during
which a lineage mismatch influenza B virus predominated, and
demonstrated 52% VE in the 2006-2007 season during which
antigenically matched influenza A H3N2 and HIN1 were isolat-
ed [7]. Other studies have shown also shown variable VE and
consistently low levels of effectiveness for influenza B during
seasons with a lineage mismatch [8, 9]. In the current study, we
have been able to determine with good precision VE against all 3
components of the vaccine in a year when estimates are not com-
plicated by issues of antigenic mismatching.

Our VE estimate is consistent with the results of recently
conducted randomized controlled trials of inactivated influen-
za vaccines against laboratory documented influenza in

healthy adults. In 1 study in which the predominant influenza
isolates were well-matched A/HIN1 viruses, efficacy against
culture-confirmed illness was 63% [10]; in another study in
which the viruses were predominantly antigenically or geneti-
cally matched A/H3N2 viruses, efficacy against culture-
confirmed illness was 73% [11]. In an earlier study in the same
population, TIV efficacy was 75% even against mostly drifted
viruses [12]. In other randomized studies done in years with
poor antigenic match, efficacy has generally been lower. In a
trial in the 2005-2006 influenza season during which influen-
za B viruses predominated and the overall attack rate was low,
the protective efficacy of TIV was only 22.3% [13], and in a
trial conducted over 2 seasons (2005-2007) during which
most cases were infected with antigenically variant viruses,
TIV efficacy was 49.3% [14]. A recent meta-analysis of these
and other randomized trials estimated the pooled efficacy of
(95% CI, 51%-67%) [15].
However, a limitation of these trials is that they are generally

inactivated vaccine of 59%

conducted in selected healthy populations, so the results,
although important, are not easily extended to other more
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Table 4. Adjusted Vaccine Effectiveness for Influenza Type and Subtype

Influenza Positive (Cases) Influenza Negative (Controls) Adjusted?®
No. Vaccinated/Total % Vaccinated No. Vaccinated/Total % Vaccinated VE % 95% ClI
Influenza A
All ages 212/700 30 1958/3684 53 60 53-67
6 months—8 years 71/193 37 903/1431 63 64 50-74
9-49 years 71/357 20 534/1425 37 55 39-66
>50 years 70/150 47 521/828 63 46 21-63
Influenza B
All ages 105/325 32 1958/3684 53 60 48-69
6 months-8 years 55/167 33 903/1431 63 62 45-74
9-49 years 33/121 27 534/1425 37 38 2-61
>50 years 17/37 46 521/828 63 47 —-61to 74
Influenza A H1N1
All ages 94/369 25 1958/3684 53 66 56-74
6 months—8 years 28/73 38 903/1431 63 60 33-77
9-49 years 34/220 15 534/1425 37 66 47-76
>50 years 32/76 42 521/828 63 45 9-67
Influenza A H3N2
All ages 115/328 & 1958/3684 53 54 42-64
6 months-8 years 43/120 36 903/1431 63 66 48-78
9-49 years 35/135 26 534/1425 37 39 7-60
>50 years 37/73 51 521/828 63 52 18-72

Abbreviations: Cl, confidence interval; VE, vaccine effectiveness.

@ Adjusted for study site, age in years, race, insurance, enrollment site, and high-risk condition.

high-risk populations. The current study gives an estimate of
the potential impact of influenza vaccine under real-world
conditions in the populations for which vaccination is particu-
larly important, young children and the elderly.

Although we enrolled substantial numbers of both influen-
za-positive cases and influenza-negative controls during this
season, age-specific vaccine assessments are limited by small
numbers in some age groups. Nevertheless, VE among indi-
viduals aged >65 years appears to have been lower than in the
other age groups. This finding is consistent with the well-
documented decreased immunogenicity of influenza vaccine
in older adults and should continue to be monitored. As
pointed out recently [15], there have been no published, ran-
domized, placebo-controlled trials of inactivated influenza
vaccine efficacy in older adults that utilized culture- or RT-
PCR-confirmed endpoints and only 1 such study of live
vaccine, in which the efficacy was 43% [16]. Given the sub-
stantial resource allocations to the US influenza vaccine
program, annual assessments of vaccine effects are warranted
to understand opportunities for improving the population-
level impact of the program, particularly among older adults
at high risk of serious influenza complications.

At the other end of the age spectrum, the large sample size
of our study also allowed us to obtain estimates of VE in

young children. These estimates provide reassuring evidence
of influenza VE even in the youngest populations for which
vaccine is licensed. We also obtained identical estimates of the
effectiveness of at least 1 dose of LAIV or of inactivated
vaccine (both 71%) in children aged 2-8 years. In randomized,
controlled studies, LAIVs have demonstrated high levels of
efficacy in young children [17, 18]. In contrast, some
previous randomized trials have suggested that inactivated
vaccines may have better efficacy in adults than LAIVs [11].
However, only 43 subjects in the current study who were
aged 9-49 years received LAIV, limiting our ability to make
an accurate, specific estimate of LAIV effectiveness in this
age group.

We found little evidence of confounding by the variables we
collected in this study, as evidenced by the small differences in
the crude and adjusted VE estimates. This finding may not be
surprising because controls were enrolled in the same settings
as cases and presented with similar clinical findings. In the
test-negative case—control design, controls are meant to repre-
sent persons who would have sought care if they were ill with
influenza. It is possible that an important yet unmeasured
confounder may have biased our results, and further investiga-
tion of possible confounding by health behaviors is planned.
Unmeasured confounding and the possibility of selection bias
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are important considerations for all observational studies of
prevention interventions.

The results of this study demonstrate that influenza vaccina-
tion offers a health benefit in individuals aged <50 years and
is likely beneficial in older age groups as well. However, the
level of benefit could be described as modest, and a substantial
proportion of influenza cases (30%) occurred in vaccinated in-
dividuals. Recently, a high-dose vaccine formulation that is
more immunogenic in elderly recipients [19] has been licensed
in the United States. Only 11 subjects received this vaccine in
the current study. Annual assessments are needed to monitor
the potential impact of this vaccine and other new strategies,
such as use of adjuvants [20] to improve the performance of
influenza vaccines, that may be implemented in the near
future. Ultimately, more effective vaccines, and possibly other
policies to limit transmission, such as programs to increase
the vaccination rates in school-aged children [21], will be
needed to control this important public health problem in all
age groups.
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