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ABSTRACT
Four randomized, double-blind, placebo-controlled studies in 6090 children that investigated the efficacy
of live attenuated influenza vaccine (LAIV) upon revaccination of children against laboratory-confirmed
cases of influenza in consecutive seasons were reviewed.

The efficacy in season 2 of LAIV administered over 2 consecutive seasons was 86.7% (95 % CI: 76.8%,
92.4%) against strains antigenically similar to those contained in the vaccine. The additional efficacy of
LAIV administered in season 2 compared to LAIV recipients in season 1 only was 58.4% (28.3%, 75.9%).
LAIV administered over 2 consecutive seasons also was more efficacious than was LAIV administered in
season 2 only (relative efficacy: 53.9% [17.4%, 74.3%]). Residual efficacy of LAIV administered in season 1
only compared to placebo administered in two consecutive seasons was 56.4% (37.0%, 69.8%). This review
did not find any evidence of decreasing efficacy of LAIV when administered during 2 consecutive seasons.
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Introduction

Recommendations for annual vaccination against influenza
have become more inclusive in recent years, with significant
expansions in the United States, Canada, and United King-
dom. In parallel, public health agencies have supported
evaluations of influenza vaccine effectiveness. This monitor-
ing, which is critical to inform the medical community and
maintain public confidence in influenza vaccination, has
shown results that vary from year to year, as can be
expected from varying degrees of match between wild-type
circulating strains and vaccine strains.1 Results from obser-
vational studies describing the effectiveness of repeat annual
influenza vaccination have been conflicting; some studies
suggest decreasing effectiveness,2,3 whereas others show no
difference with revaccination.4

The aim of this systematic literature review was to assess
data from double-blind, randomized clinical trials to evaluate
the efficacy of live attenuated influenza vaccine (LAIV) upon
revaccination of children and to analyze consolidated efficacy
estimates of LAIV in a second season.

Results

A total of 6090 children were retained in the analysis. Enroll-
ment and disposition of children in season 2 are presented in
Table 1. All studies contributed children who were adminis-
tered either LAIV or placebo over 2 consecutive seasons
(nD2497 and nD1648, respectively). Studies 3 and 4 only con-
tributed children who were administered LAIV in season 1 and
placebo in season 2 (nD1105) or placebo in season 1 and LAIV
in season 2 (nD840).

The proportions of laboratory-confirmed cases of influenza
in season 2 in children who were administered placebo during
2 consecutive seasons ranged among studies from 1.1% to
29.1% for influenza strains antigenically similar to those con-
tained in the vaccines and 14.4% to 30.9% for all wild-type
influenza strains (Table 2). The most frequent circulating
strains were A/H3N2 (199 cases), but B and A/H1N1 strains
were also identified (86 and 35 cases, respectively; Table 3).

The attack rates in season 2 were consistently lower in each
study among children who were administered LAIV versus
those who were administered a placebo over 2 consecutive sea-
sons, resulting in consolidated efficacy estimates of 86.7% (95%
confidence interval [CI]: 76.8%, 92.4%) against antigenically
similar influenza strains and 76.6% (95% CI: 66.3%, 83.7%)
against all influenza strains (Fig. 1, Table 4).

Among LAIV recipients in season 1, the efficacy (95% CI) of
a repeat dose of LAIV in season 2 was also statistically signifi-
cant: 58.4% (28.3%, 75.9%) against antigenically similar influ-
enza strains and 27.6% (0.8%, 47.2%) against all influenza
strains (Table 4). Conversely, among LAIV recipients in season
2, administration of LAIV in the previous season was associated
with a lower attack rate by antigenically similar influenza
strains in season 2 resulting in a relative efficacy of 53.9%
(17.4%, 74.3%). The attack rates by all influenza strains did not
differ significantly (relative efficacy: ¡3.2% [¡49.1%, 28.5%];
Table 4).

Of note, the administration of 2 doses of LAIV in season 1
only was also associated with significantly lower attack rates in
season 2 when compared to no vaccination during 2 consecu-
tive seasons. The resulting residual efficacy (95% CI) estimates
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were 56.4% (37.0%, 69.8%) against influenza strains antigeni-
cally similar to those contained in the vaccines, and 40.7%
(22.6%, 54.6%) against all influenza strains (Table 4).

Table 3 presents the efficacy in season 2 of repeated
administration of LAIV against A/H1N1 strains, A/H3N2
strains, and B strains versus no vaccination. Consolidated
efficacy (95% CI) estimates against antigenically similar
influenza strains were similar for A/H1N1 and A/H3N2
(93.2% [53.4%, 99.0%] and 88.6% [77.3%, 94.3%], respec-
tively). Efficacy estimates were 93.2% (53.4%, 99.0%) against

all A/H1N1 strains, 87.5% (78.2%, 92.8%) against all A/
H3N2 strains, and 41.1% (0.0%, 65.2%) against all B strains,
with a majority of B strains identified in the Bracco Neto
et al study5 from an opposite lineage or not matching the B
strain contained in the vaccine. Efficacy against influenza B
strains was higher when the analysis was restricted to B
strains from the same lineage as the vaccine B strain,
whether or not drifted variant strains were considered anti-
genically similar (70.3% [14.8%, 89.7%]) or dissimilar
(71.0% [4.5%, 91.2%]).

Table 1. Enrollment and Disposition of Children in Season 2.

Influenza Strains Contained
in the Vaccines

Populations Retained
in Analysis

Study Age Range, mo Influenza Season Location Season 1 Season 2 LAIV/LAIV LAIV/Placebo Placebo/LAIV Placebo/Placebo

Belshe10 27–83 September
1997–May
1998

United States A(H1N1): Texas/
36/91 A(H3N2):
Wuhan/359/95
B: Harbin/7/94

A(H1N1):
Shenzhen/227/
95-like A(H3N2):
Wuhan/359/95
B: Harbin/7/94

748 — — 362

Vesikari13 18–47 December
2001–May
2002

Europe A(H1N1): New
Caled./20/99 A
(H3N2): Sydney/
05/97 B:
Yamanashi/166/
98

A(H1N1): New
Caled./20/99 A
(H3N2):
Panama/2007/
99 B: Victoria/
504/2000

640 — — 450

Bracco Neto5 18–47 March 2002–
November 2002

South Africa,
Brazil, Argentina

A(H1N1): New
Caled./20/99 A
(H3N2): Sydney/
05/97 B:
Yamanashi/166/
98

A(H1N1): New
Caled./20/99 A
(H3N2):
Panama/2007/
99 B: Victoria/
504/2000

338 346a 337a 342

Tam12 24–47 November
2001–October
2002

South East Asia,
China

A(H1N1): New
Caled./20/99 A
(H3N2): Sydney/
05/97 B:
Yamanashi/166/
98

A(H1N1): New
Caled./20/99 A
(H3N2):
Panama/2007/
99 B:
Yamanashi/166/
98

771 759 503 494

Total 2497 1105 840 1648

aUnintended treatment allocation.

Table 2. Influenza Attack Rates in Season 2.

Influenza Strains Antigenically Similar to Those Contained in the Vaccine

Treatment Allocation in Seasons 1 and 2

Study Placebo/Placebo% (n/N) LAIV/LAIV% (n/N) LAIV/Placebo% (n/N) Placebo/LAIV% (n/N)

Belshe10 1.1 (4/362) 0.0 (0/748) — —
Vesikari13 29.1 (131/450) 3.3 (21/640) — —
Bracco Neto5 6.7 (23/342) 1.8 (6/338) 2.9 (10/346) 2.7 (9/337)
Tam12 9.9 (49/494) 1.6 (12/771) 4.3 (33/759) 4.0 (20/503)

All Influenza Strains

Treatment Allocation in Seasons 1 and 2

Study Placebo/Placebo LAIV/LAIV LAIV/Placebo Placebo/LAIV

Belshe10 14.4 (52/362) 1.9 (14/748) — —
Vesikari13 30.9 (139/450) 4.4 (28/640) — —
Bracco Neto5 16.1 (55/342) 8.6 (29/338) 10.4 (36/346) 6.5 (22/337)
Tam12 11.9 (59/494) 4.3 (33/771) 6.6 (50/759) 5.2 (26/503)
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Discussion

The first publication suggesting decreasing vaccine effectiveness
with repeated influenza vaccination may be an investigation by
Hoskins et al6 of an influenza outbreak that occurred in 1976 in
an English boys’ boarding school. An analysis of 375 boys pres-
ent at school during the 1976 outbreak as well as in 2 previous
influenza outbreaks in 1972 and 1974 demonstrated a higher
attack rate in those vaccinated with inactivated vaccine in 2
prior seasons relative to those vaccinated in 1976 alone.

More recently, several observational studies investigated the
effectiveness of repeated vaccinations in the general popula-
tion—mostly adults and the elderly—with a large majority of
vaccine recipients being inactivated influenza vaccine (IIV)
recipients. During season 2010–2011, Ohmit et al2 observed
that the effectiveness of influenza vaccines administered in
individuals already vaccinated in season 2009–2010 was low,
with a negative point estimate of ¡45% (95% CI: ¡226%,
35%). Another study led by the same author during the next
season estimated the influenza vaccines effectiveness at 56%
(95% CI: 37%, 69%) in subjects vaccinated in season 2011–

2012 only and 45% (95% CI: 27%, 58%) in subjects vaccinated
during 2 consecutive seasons, suggesting again a negative asso-
ciation between vaccination in 2011–2012 and vaccination in
the prior season.3 However, Skowronski et al,4 using a similar
study design in Canada during the same season, found a differ-
ent trend, with higher effectiveness in subjects vaccinated dur-
ing 2 consecutive seasons (60% [95% CI: 50%, 77%]) than in
subjects vaccinated in season 2011–2012 only (53% [95% CI:
12%, 77%]).

Smith et al7 suggested that variations in repeat vaccine effi-
cacy could be explained by the antigenic distances between
influenza vaccine strains and wild-type influenza strains, with
lower vaccine efficacy in subjects who had been vaccinated in
previous seasons with strains close to the wild-type strains cir-
culating in the current season. Another biological rationale for
decreasing effectiveness with repeated vaccinations was recently
suggested by Bodewes et al, who investigated anti-influenza
immunity in children with cystic fibrosis. These children
received influenza vaccine annually, compared with previously
unvaccinated healthy children.8 Annual influenza vaccination
with IIV was shown to hamper the development of virus-

Figure 1. Efficacy in Season 2 of LAIV Administered Over 2 Consecutive Seasons. (A) Against Influenza Strains Antigenically Similar to Those Contained in the Vaccine. (B)
Against All Influenza Strains; LAIV=live attenuated influenza vaccine.

1724 H. CASPARD ET AL.



specific CD8C T cell responses. However, a review article by
Belshe et al9 showed that LAIV efficacy did not decrease with
increasing pre-existing immunity to influenza in children 15 to
84 months of age compared with placebo or in children
6 months to 17 years of age compared with trivalent IIV. Addi-
tionally, LAIV efficacy did not decrease with prior vaccination
with IIV. In a large double-blind, randomized clinical trial, the
relative efficacy of LAIV compared with IIV against all strains
regardless of antigenic match was similar in children 6 to
59 months of age who were previously vaccinated with IIV
(51% fewer cases with LAIV) and those previously unvacci-
nated (57% fewer cases of with LAIV).9 Of note, LAIV is
approved for use only in children 2 years of age and older.

In contrast with the varying findings of observational
studies that were conducted in different age groups and
included mostly subjects who were administered inactivated
influenza vaccines, this review of 4 randomized clinical tri-
als conducted over 2 consecutive seasons provides consis-
tent evidence that LAIV efficacy in children did not decline
after LAIV vaccination in the previous season. The studies
were conducted according to a methodology that controlled
for several sources of bias that could have occurred in the
observational studies discussed: LAIV or placebo was allo-
cated at random, and the surveillance for laboratory-con-
firmed cases of influenza was prospective and independent
from the treatment groups. However, study 1 was con-
ducted 4 years earlier than studies 2, 3, and 4, with a for-
mulation of LAIV that included different strains. There
were also differences in the influenza epidemics with differ-
ent degree of match between circulating and vaccine strains
and different levels of severity that may have contributed to
the heterogeneity of the results. Of note, subjects in season
2 were limited to children 18 months to 7 years of age, and
they were followed up for only 2 consecutive seasons. More
follow-up is needed to assess the long-term effectiveness of
expanded vaccination programs of the pediatric population.

In conclusion, LAIV administered during 2 consecutive sea-
sons was highly efficacious in season 2 versus administration of
placebo in the 2 seasons. Further analyses show that when
LAIV is administered in season 1, there is residual efficacy in
season 2 and significant additional efficacy when LAIV is also
administered in season 2. The efficacy of LAIV over 2 consecu-
tive seasons was also similar to or greater than the efficacy of
LAIV administered in season 2 only. Data describing the effi-
cacy of LAIV beyond 2 consecutive seasons would be valuable.

Methods

Original published studies on LAIV were identified by a litera-
ture search on PubMed and Embase for the period from Janu-
ary 1, 1995 to July 1, 2015. The following search term was used:
“live attenuated influenza vaccine” or “LAIV.” The following
limits also were applied: “English,” “randomized controlled
trial,” “humans,” and “child: birth-18 years.” This literature
search resulted in 256 studies being retrieved.

A manual review of the title and abstracts of the search
results was performed. Studies were excluded if they were not
randomized, double-blind, placebo-controlled studies. Articles
also were excluded if the efficacy of LAIV was not assessed over
2 consecutive seasons (Fig. 2).

In total, 4 randomized, double-blind, controlled studies in
children investigated LAIV efficacy versus placebo against labo-
ratory-confirmed cases of influenza in 2 consecutive influenza
seasons were used in the present analysis.5,10-15 The quality of
the studies were evaluated using the GRADE process.16 All 4
studies had a GRADE score of 4, because they were random-
ized, controlled trials and enrolled at least 1000 patients. Stud-
ies 1 and 2 randomized children at enrollment only and,
therefore, compared children revaccinated with LAIV in season
2 with children who received placebo over 2 consecutive sea-
sons.10,11,13 Study 3 re-randomized children in season 2, so that
LAIV and placebo administered in season 2 could be compared

Table 4. Efficacy Estimates Against Any Influenza Strains.

Efficacy Against Influenza Strains Antigenically Similar to Those Contained in the Vaccine

Treatment Allocation in Seasons 1 and 2

Study
LAIV/LAIV vs Placebo/Placebo

(95% CI)
LAIV/LAIV vs LAIV/Placebo

(95% CI)
LAIV/LAIV vs Placebo/LAIV

(95% CI)
LAIV/Placebo vs Placebo/Placebo

(95% CI)

Belshe10 100.0 (–; 100.0) — — —
Vesikari13 88.7 (82.0, 93.2) — — —
Bracco Neto5 73.6 (36.0, 89.1) 38.6 (¡67.1, 77.4) 33.5 (¡84.7, 76.1) 57.0 (6.1, 81.7)
Tam12 84.3 (70.1, 92.4) 64.2 (28.9, 83.2) 60.9 (20.6, 80.7) 56.2 (30.5, 72.7)
Consolidated Estimate 86.7 (76.8, 92.4) 58.4 (28.3, 75.9) 53.9 (17.4, 74.3) 56.4 (37.0, 69.8)

Efficacy (95% CI) Against All Influenza Strains

Treatment Allocation in Seasons 1 and 2

Study
LAIV/LAIV vs Placebo/Placebo

(95% CI)
LAIV/LAIV vs LAIV/Placebo

(95% CI)
LAIV/LAIV vs Placebo/LAIV

(95% CI)
LAIV/Placebo vs Placebo/Placebo

(95% CI)

Belshe10 87.0 (76.8, 92.7) — — —
Vesikari13 85.8 (78.6, 90.9) — — —
Bracco Neto5 46.7 (18.5, 65.1) 17.5 (¡31.4, 48.2) ¡31.4 (¡124.0, 22.9) 35.3 (¡0.3, 58.7)
Tam12 64.2 (44.2, 77.3) 35.0 (¡2.9, 59.5) 17.2 (¡36.7, 49.9) 44.8 (18.2, 62.9)
Consolidated Estimate 76.6 (66.3, 83.7) 27.6 (0.8, 47.2) ¡3.2 (¡49.1, 28.5) 40.7 (22.6, 54.6)

HUMAN VACCINES & IMMUNOTHERAPEUTICS 1725



among LAIV or placebo recipients in season 1.12 Study 4 ran-
domized children at enrollment only. However, because of a
treatment allocation labeling error in season 2, some enrollees
received (1) LAIV in season 1 and placebo in season 2 or (2)
placebo in season 1 and LAIV in season 2.5

These studies enrolled healthy children who were 6 to
71 months of age in season 1 (18–83 months of age in season
2). Eligibility to participate in the second year required contin-
ued good health and completion of the primary dosing series
and surveillance in year 1. Children with a history of clinically
significant hypersensitivity to eggs were excluded, as were those
with underlying chronic illnesses and those who, at any time
prior to entry into this study, received a dose of any influenza
vaccine (commercial or investigational).

Live attenuated influenza vaccine consisted of 106.5–7.5

median tissue culture infectious doses (TCID50) or fluorescent
focus units of each of the 3 influenza strains (A/H1N1, A/
H3N2, and B). All children in studies 2 and 3 who were admin-
istered LAIV in season 1 received 2 doses. Children enrolled in
studies 1 and 4 were administered either 1 or 2 doses. Time
between doses was approximately 1 month, with the exception
of study 1, in which the interval was 6 to 10 weeks. All children
who were administered LAIV in season 2 received 1 dose. Pla-
cebo did not differ in appearance, delivery, or taste. The strains
contained in the vaccines are presented in Table 1.

Parents were contacted every 2 to 3 weeks until the begin-
ning of an influenza outbreak in the community. Thereafter,
weekly contact was made with the families to remind parents
to notify study personnel if their child had symptoms of respi-
ratory illness. A nasal swab sample was obtained if children
exhibited any predefined symptoms of respiratory illness:
runny nose or nasal congestion, sore throat, cough, headache,
muscle aches, chills, vomiting, suspected or confirmed otitis
media, decreased activity, irritability, wheezing, shortness of
breath, and pulmonary congestion. A case of influenza was
defined consistently across studies as any illness detected by
active surveillance, as described above, with a positive culture
for wild-type influenza virus.

All children who were administered 2 doses of LAIV or pla-
cebo in season 1 and 1 dose of LAIV or placebo in season 2

were retained in the analysis. Consistently with the original
study analyses, LAIV efficacy was assessed (1) against influenza
strains antigenically similar to those contained in the vaccine
and (2) against all influenza strains regardless of antigenic simi-
larity. Efficacy was assessed further by influenza types and sub-
types: A/H1N1, A/H3N2, and B strains.

The efficacy in season 2 of the four possible combinations -
LAIV in seasons 1 and 2, LAIV in season 1/placebo in season 2,
placebo in season 1/LAIV in season 2, and placebo in both sea-
sons - was estimated. A log binomial model was used to calcu-
late the relative risks of laboratory-confirmed influenza, with
study taken into account as a fixed effect. Vaccine efficacy was
calculated as 1 minus the relative risk. The analysis was con-
ducted with SAS version 9.3 (Cary, NC, USA).

Each original study was carried out in accordance with the
Code of Ethics of the World Medical Association (Declaration
of Helsinki). Written informed consent was provided by each
subject’s parent or legal guardian (with age-appropriate assent
from the child) after the nature and possible consequences of
the study were explained.
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