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Background It has been suggested that live attenuated influenza

vaccine (LAIV) may be less effective in older individuals because

of prior wild-type influenza infections. LAIV is currently approved

in the United States, South Korea and Hong Kong for individuals

2–49 years of age.

Objective To examine data from previously published pediatric

studies to determine the efficacy of LAIV in various age groups.

Methods Four studies in which the subject age range exceeded

36 months were identified: one 2-year study comparing LAIV with

placebo and three 1-year studies comparing LAIV with trivalent

inactivated influenza vaccine (TIV). Efficacy against any strain

regardless of antigenic similarity to vaccine was analyzed by age;

age groups were based on the study design and sample size. A

logistic regression model was used to assess whether age, as a

continuous variable, was an effect modifier on LAIV efficacy.

Results The efficacy of LAIV did not vary with age in children

aged 15–84 months compared with placebo or in children aged

6 months to 17 years compared with TIV.

Conclusions The available data from prospective, randomized

studies in children does not support the concept that prior

repeated exposure to influenza, either through wild-type infection

or vaccination with live, attenuated or inactivated vaccines,

reduces the efficacy of LAIV compared with placebo or TIV. The

decreased immunologic responses to LAIV reported in older

individuals or those with pre-existing immunity do not appear to

translate into reduced protection from influenza in children.
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Introduction

Multiple prospective, randomized, controlled studies have

described the efficacy of live attenuated influenza vaccine

(LAIV) in children and adolescents compared with placebo

and with trivalent inactivated influenza vaccine (TIV).1–11

LAIV provided levels of efficacy against influenza illness that,

in the three comparative studies conducted, were signifi-

cantly higher than those provided by TIV.1,3,7 In contrast,

comparative studies in adults ‡18 years of age have demon-

strated variable results; studies have demonstrated compara-

ble protection of the two vaccines,12–16 greater protection

with TIV,17–19 and, in some cases, greater protection with

LAIV.19 For studies that have demonstrated greater protec-

tion with TIV in adults, authors have speculated that LAIV

may be less effective in older individuals because of prior

infections with similar wild-type influenza strains.15,17–19

Of the previously conducted studies of LAIV efficacy,

only two analyzed efficacy by age group, and neither

suggested a reduction in effectiveness of LAIV in children

with increasing age.1,3 The purpose of the present analysis

is to more fully explore the efficacy of LAIV by age group

based on data from previously conducted studies.

Studies comparing the safety of LAIV and TIV have

demonstrated comparable safety in individuals 2 years of

age and older. In one study,3 among children 6–23 months

of age, an increased rate of wheezing through 6 weeks fol-

lowing vaccination was associated with LAIV (5Æ9% LAIV

versus 3Æ8% TIV); however, no increase was among chil-

dren 24–59 months of age. LAIV is currently approved for

use in the United States, South Korea and Hong Kong for

the active immunization of eligible individuals 2–49 years

of age against influenza.

Materials and methods

From a review of all available studies, only four LAIV effi-

cacy studies in which the subject age range exceeded

36 months were identified for this post hoc analysis

(Table 1): one 2-year study of efficacy comparing LAIV to
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placebo and three 1-year studies comparing LAIV with TIV

[the studies were conducted by Aviron, Inc., Mountain

View, CA, USA (now MedImmune) and Wyeth Research,

Pearl River, NY, USA].1,3–5,7 In all studies, efficacy against

any strain regardless of antigenic similarity to vaccine was

analyzed. Age groups for analysis were defined based on

the study design and sample size. The placebo-controlled

study (study 14,5) allowed meaningful analysis of smaller

subgroups, and 12-month cohorts were used. In the TIV-

controlled studies (studies 23, 31 and 47), larger age cohorts

were used as needed based on the study sample size. The

large size of study 2 permitted 12-month cohort analysis,

but studies 3 and 4 were smaller, and children above and

below the midpoint of the enrollment age range were ana-

lyzed. Where available (study 1), additional data on pre-

vaccination antibody levels were also analyzed by age group

to better understand pre-existing anti-influenza immunity

in the study population. Baseline pre-vaccination serum

antibody levels were evaluated in a small cohort of children

(n = 203); subjects with a hemagglutinin inhibition titer £4

were considered seronegative, whereas those with a hemag-

glutinin inhibition titer of ‡8 were considered seropositive.

Study 1 was a 2-year, multicenter, prospective, double-

blind trial conducted in the United States during the 1996–

1998 influenza seasons in previously unvaccinated children

15–71 months of age.4,5 The efficacy of LAIV was analyzed

for children 15–23 months, 24–35 months, 36–47 months,

48–59 months and ‡60 months of age. Study 2 was a multi-

national, double-blind, head-to-head trial conducted during

the 2004–2005 influenza season in children 6–59 months of

age.3 Efficacy of LAIV compared with TIV was analyzed for

children 6–23 months, 24–35 months, 36–47 months and

48–59 months of age. Studies 3 and 4 were randomized,

open-label studies conducted in Europe and Israel during the

2002–2003 influenza season of two doses of vaccine in chil-

dren 6–71 months of age with recurrent respiratory tract

infections and one dose of vaccine in children and adoles-

cents 6–17 years of age with medically stable asthma, respec-

tively.1,7 Efficacy of LAIV compared with TIV was analyzed

for children aged 6–35 and 36–71 months for study 3 and

aged 6–11 and 12–17 years of age for study 4. All studies

contacted subjects weekly throughout the influenza season

and calculated efficacy based on the incidence of culture-

confirmed influenza illness.

In addition to the categorical age group analysis, a logis-

tic regression model for each study was used to assess

whether age, as a continuous variable, was an effect modi-

fier on LAIV efficacy. The model used culture-confirmed

influenza illness as the dependent variable. Independent

variables included treatment group, age as a continuous

variable and the interaction between age and treatment.

The interaction term was tested for significance to assess

the impact of age on LAIV efficacy.

Results

In study 1, efficacy against all strains regardless of match to

strains contained in the vaccine in year 1 ranged from 85

to 100% across the age cohorts analyzed, and there was no

decrease with increasing age (Table 2). Similarly, after

revaccination in year 2, efficacy did not vary by age, rang-

ing from 84 to 92%. In the subset of subjects tested, base-

line seropositivity increased with increasing age (Figure 1).

In the youngest age group, 73 to 87% of subjects were

seronegative to the vaccine strains, whereas in the oldest

age group only 33 to 58% were seronegative. Baseline geo-

metric mean titers also generally increased with increasing

age (Figure 2); 8Æ9%, 12Æ5%, 11Æ4%, 18Æ9% and 18Æ5% of

subjects aged 15–23, 24–35, 36–47, 48–59 and ‡60 months,

respectively, had a baseline antibody titer >1:40.

In the first of the three TIV-controlled studies, study 2,

the relative efficacy of LAIV compared with TIV against all

strains regardless of match ranged from 42 to 57% and was

similar regardless of age (Table 3). Studies 3 and 4 similarly

showed no decline in efficacy with increasing age (Table 4).

In study 3, a trend showing higher relative efficacy of LAIV

compared with TIV was seen in subjects 36–71 months of

age compared with those 6–35 months of age, but this

trend was because of the differential incidence of A ⁄ H3N2

versus A ⁄ H1N1 and B in the two age strata; analyzed by

strain, the relative efficacy in each age group was similar.

In all studies, efficacy against individual strains should be

Table 1. Study characteristics

Study

Influenza

season

Age at

enrollment n Control

Geographic

location

1, year 1, Belshe 1996–1997 15–71 months 1602 Placebo United States

1, year 2, Belshe 1997–1998 27–83 months 1358 Placebo United States

2, Belshe 2004–2005 6–59 months 7852 TIV Global

3, Ashkenazi 2002–2003 6–71 months 2085 TIV Europe ⁄ Israel

4, Fleming 2002–2003 6–17 years 2202 TIV Europe ⁄ Israel

LAIV, live attenuated influenza vaccine; TIV, trivalent inactivated influenza vaccine.
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interpreted with caution because of the low number of

influenza cases in some comparisons.

The results of the logistic regression model were consistent

with those seen with the age group analysis. Age was not sig-

nificantly correlated with vaccine efficacy in study 1 year 1,

study 1 year 2, study 2, or study 4 (P = 0Æ55, 0Æ99, 0Æ93, 0Æ17,

respectively). For study 3, vaccine efficacy increased slightly

with age (P = 0Æ03); however, strain-specific efficacy was not

correlated for any of the strains (P = 0Æ99, 0Æ57 and 0Æ11 for

A ⁄ H1N1, A ⁄ H3N2 and B, respectively).

Discussion

The data presented here in children and adolescents span-

ning a range of 17Æ5 years does not support the hypothesis

that the efficacy of LAIV declines with increasing age.

In study 1, as would be expected, a greater proportion of pre-

viously unvaccinated older children had pre-existing serum

antibody to the vaccine strains, reflecting increased previous

natural infection with antigenically related viruses. Neverthe-

less, vaccine efficacy was equally high for older children and

younger children, and thus there was no suggestion that

increasing levels of pre-existing anti-influenza immunity

influenced LAIV efficacy. Data presented here and elsewhere2

also suggest that LAIV efficacy does not decline in those pre-

viously vaccinated with LAIV; in fact, a trend toward

increased efficacy with revaccination has been reported in a

meta-analysis of four 2-year studies in children younger than

7 years of age.2 Prior vaccination with TIV has also not been

shown to impact LAIV efficacy relative to TIV; specifically,

Table 2. Efficacy of LAIV versus placebo by age and strain (study 1, years 1 and 2)

Age, months (n)*

All strains**

Efficacy, % (95% CI)

H3N2** B**

Attack rate, %

Efficacy, % (95% CI)

Attack rate, %

Efficacy, % (95% CI)LAIV Placebo LAIV Placebo

Year 1

15–23 (272) 85 (58–95) 1Æ2 11Æ1 90 (59–97) 1Æ2 4Æ0 71 ()32 to 94)

24–35 (359) 96 (86–99) 0Æ9 15Æ7 94 (79–99) 0 9Æ0 100 (81–100)

36–47 (327) 87 (67–95) 1Æ3 11Æ5 89 (63–97) 0Æ9 5Æ2 83 (27–96)

48–59 (332) 100 (90–100) 0 11Æ1 100 (85–100) 0 7Æ4 100 (77–100)

‡60 (312) 91 (70–97) 0 8Æ4 100 (79–100) 1Æ4 8Æ4 84 (44–95)

Year 2

27–35 (246) 84 (35–96) 1Æ3 8Æ0 84 (35–96) 0 0 NA

36–47 (294) 85 (57–94) 2Æ2 13Æ9 85 (57–95) 0 0 NA

48–59 (274) 92 (69–98) 1Æ0 11Æ7 91 (65–98) 0 1Æ3 100 ()50 to 100)

>60 (544) 87 (71–94) 1Æ9 14Æ2 87 (71–94) 0 0 NA

LAIV, live attenuated influenza vaccine; NA, not applicable.

*Age strata in initial year of vaccination.

**Regardless of antigenic match to vaccine. Influenza A ⁄ H1N1 did not circulate during the study and was not isolated.

Figure 1. Baseline seronegativity by age and strain (study 1, year 1;

n = 203).
Figure 2. Baseline geometric mean titers (95% CI) by age and strain

(study 1, year 1; n = 203).
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in study 2, the relative efficacy of LAIV compared with TIV

against all strains regardless of antigenic match was similar in

children aged 6–59 months who were previously vaccinated

with TIV (51%) and those previously unvaccinated (57%).20

Accordingly, the available data from these prospective, ran-

domized studies in children does not support the hypothesis

that prior repeated exposure to influenza, either through

wild-type infection or vaccination with live, attenuated or

inactivated vaccines, may reduce the efficacy of LAIV com-

pared with placebo or TIV. This conclusion is also supported

by the observation that LAIV retained its effectiveness in a

consecutive multiseason open-label study of 6569 children in

which 50% of those in the study had received 1 or more

doses of LAIV in the preceding 3 years of the study.21

The finding that the protection provided by LAIV does

not decline with age, prior vaccination or pre-existing anti-

influenza antibody is somewhat counter-intuitive given that

immunologic responses to LAIV do decline in those with

greater prior immunity to influenza. In children, serum

antibody responses and shedding of LAIV vaccine strains

have both been shown to decrease with increasing age,

increasing baseline serum antibody levels and prior vacci-

nation with LAIV.4,22–24 Although achieving an HAI titer

of 1:40 is generally considered a correlate of approximately

50% protection for inactivated influenza vaccines,25–27

there is no established correlate of protection for LAIV. As

a result, predicting the precise level of protection provided

in specific subpopulations is not possible; however, the

available data suggest that the above-referenced age-based

differences in immunologic responses do not translate into

reduced protection from influenza.

The only prospective, randomized study demonstrating a

statistically significant reduction in efficacy with LAIV rela-

tive to TIV in adults was an open-label study conducted on

Table 3. Relative efficacy of LAIV versus TIV by age and strain (study 2)

Age,

months (n)

All strains*

Relative

efficacy,

% (95% CI)

H1N1* H3N2* B*

Attack rate,

%
Relative

efficacy,

% (95% CI)

Attack rate,

%
Relative

efficacy,

% (95% CI)

Attack rate,

%
Relative

efficacy,

% (95% CI)LAIV TIV LAIV TIV LAIV TIV

6–23 (3686) 56 (40–68) 0Æ1 0Æ3 67 ()56 to 95) 0Æ7 4Æ1 83 (70–91) 2Æ3 2Æ7 15 ()29 to 43)

24–35 (2612) 57 (40–69) 0Æ1 0Æ3 78 ()79 to 99) 1Æ0 5Æ6 82 (68–90) 2Æ8 3Æ0 10 ()42 to 43)

36–47 (846) 42 (5–66) 0 2Æ3 100 (63–100) 1Æ7 3Æ4 48 ()29 to 81) 4Æ1 4Æ8 12 ()69 to 55)

48–59 (708) 56 (25–75) 0 2Æ0 100 (47–100) 1Æ1 4Æ0 76 (22–95) 5Æ0 7Æ5 25 ()37 to 60)

LAIV, live attenuated influenza vaccine; TIV, trivalent inactivated influenza vaccine.

*Regardless of antigenic match to vaccine.

Table 4. Relative efficacy of LAIV versus TIV age and strain (studies 3 and 4)

Study Age (n)

All strains*

Relative

efficacy,

% (95% CI)

H1N1* H3N2* B*

Attack

rate, %
Relative

efficacy,

% (95% CI)

Attack

rate, %
Relative

efficacy,

% (95% CI)

Attack

rate, %
Relative

efficacy,

% (95% CI)LAIV TIV LAIV TIV LAIV TIV

3 6–35 months

(952)

31 ()30 to 64) 0 1Æ1 100 (1–100) 2Æ6 1Æ8 )47 ()309 to 44) 1Æ2 2Æ7 55 ()30 to 86)

3–6 years

(1133)

70 (38–87) 0 0Æ9 100 ()16 to 100) 0Æ9 0Æ7 )33 ()568 to 72) 1Æ1 4Æ5 76 (39–92)

4** 6–11 years

(1376)

31 ()8 to 57) 0 0Æ6 100 ()62 to 100) 1Æ5 1Æ0 )53 ()373 to 48) 3Æ8 5Æ9 36 ()7 to 63)

12–17 years

(835)

30 ()43 to 66) 0 0Æ5 100 ()369 to 100) 1Æ6 1Æ5 )3 ()270 to 70) 2Æ3 3Æ3 32 ()67 to 73)

LAIV, live attenuated influenza vaccine; TIV, trivalent inactivated influenza vaccine.

*Regardless of antigenic match to vaccine.

**Conducted in children with stable, medically treated asthma, a population for whom there is a warning ⁄ precaution against the use of LAIV.

Belshe et al.

144 ª 2010 Blackwell Publishing Ltd, Influenza and Other Respiratory Viruses, 4, 141–145



university campuses in Michigan;17 this finding should be

explored in additional studies in other settings. It is possi-

ble that variations in study endpoint and population, and

season-to-season variability may contribute to the conflict-

ing results regarding the relative efficacy of LAIV and TIV

in adults.14,19,28 In the more robust pediatric data, there is

evidence to suggest that LAIV efficacy does not decline

with increasing age. More research on influenza vaccination

is needed to describe the efficacy of LAIV and TIV in older

adolescents and adults. A large comparative study with a

sample size in the range of 24 000 subjects may be required

to answer such a question.
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