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REVIEW

Repeated annual influenza vaccination and vaccine effectiveness: review of
evidence
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ABSTRACT
Introduction: Studies in the 1970s and 1980s signaled concern that repeated influenza vaccination
could affect vaccine protection. The antigenic distance hypothesis provided a theoretical framework to
explain variability in repeat vaccination effects based on antigenic similarity between successive vaccine
components and the epidemic strain.
Areas covered: A meta-analysis of vaccine effectiveness studies from 2010–11 through 2014–15 shows
substantial heterogeneity in repeat vaccination effects within and between seasons and subtypes.
When negative effects were observed, they were most pronounced for H3N2, especially in 2014–15
when vaccine components were unchanged and antigenically distinct from the epidemic strain. Studies
of repeated vaccination across multiple seasons suggest that vaccine effectiveness may be influenced
by more than one prior season. In immunogenicity studies, repeated vaccination blunts the hemagglu-
tinin antibody response, particularly for H3N2.
Expert commentary: Substantial heterogeneity in repeated vaccination effects is not surprising given
the variation in study populations and seasons, and the variable effects of antigenic distance and
immunological landscape in different age groups and populations. Caution is required in the inter-
pretation of pooled results across multiple seasons, since this can mask important variation in repeat
vaccination effects between seasons. Multi-season clinical studies are needed to understand repeat
vaccination effects and guide recommendations.
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1. Introduction

In 1960, the US Surgeon General issued a report recommend-
ing routine annual vaccination for older adults and others at
high risk for influenza complications [1]. This recommendation
was based on the assumption that vaccination would reduce
the risk of death, and the recognition that seasonal epidemics
are unpredictable from year to year [2]. The policy of annual
vaccination was adopted worldwide and continues to this day.
In many countries, annual vaccination is still recommended
only for high-risk individuals, but in North America the age
criteria for annual vaccination has been incrementally
expanded over the past two decades. In 2000, Ontario recom-
mended universal annual influenza vaccination for all resi-
dents ≥6 months of age, and in 2010 the US Advisory
Committee on Immunization Practices similarly recommended
universal annual vaccination for all adults and children.

Annual vaccination has been justified on the basis of influ-
enza virus antigenic drift requiring periodic vaccine updates,
and by the gradual decline in vaccine-induced antibody over
time. In the US, life expectancy at birth is approximately
75 years for men and 80 years for women, and a child born

in 2017 can therefore expect to receive 70–80 annual influenza
vaccinations based on current recommendations. Despite this,
the effects of repeated annual vaccination on individual long-
term protection, population immunity, and virus evolution
remain largely unknown.

Signals of concern regarding potential negative effects of
repeated vaccination were first raised four decades ago, and
subsequent studies yielded inconclusive results. There was
renewed interest in this topic after the test-negative design
was first used to estimate vaccine effectiveness for prevent-
ing laboratory-confirmed influenza during the 2004–2005
season [3]. After the 2009 pandemic, investigators in
Canada and the US separately reported the effects of
repeated vaccination during the 2010–2011 season [4,5].
Since then, multiple studies have assessed the effect of
repeated vaccination. In this review, we describe the histor-
ical context for repeated vaccination effects, report original
results of a meta-analysis based on recent studies, discuss
recent immunogenicity studies and potential immunologic
mechanisms, and propose a research agenda to address
knowledge gaps.
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2. Historical context

2.1. British boarding school outbreaks

The earliest reports regarding potential negative effects of
repeated annual vaccination were published in a series of three
papers describing influenza outbreaks at a British boarding school
from 1972 to 1976 when only A/H3N2 and type B viruses were
circulating. The initial publication described a 3-year randomized
clinical trial that began inOctober 1970 [6]. Participatingyouth, 11–
19 years old, were randomly assigned to receive a subcutaneous
dose of whole virus inactivated vaccine containing either influenza
Aor B. For eachof the subsequent two seasons, previously enrolled
boys were revaccinated with the same A/Hong Kong/1/68 vaccine
and new entrants were randomized. An influenza H3N2 outbreak
caused by A/England/42/72 occurred in December 1972, and the
authors reported no significant difference in the attack rate for
boys who had received one, two, or three doses of vaccine.
However, the attack rates were not reported for each group.

A subsequent 1974 outbreak of A/Port Chalmers/1/73
demonstrated that vaccination in an earlier season can indir-
ectly affect the risk of infection in a future season [7]. The
H3N2 attack rate in 1974 was significantly higher in boys who
had previously received the A/Hong Kong vaccine in 1970–
1972 compared with those who had not. The authors attrib-
uted this paradoxical finding of increased risk to the fact that
‘the A/Hong Kong vaccine, by reducing the proportion
infected during the A/England outbreak, actually increased
the proportion susceptible to attack during the subsequent
outbreak of A/Port Chalmers’ (i.e. infection block hypothesis).
However, even among boys uninfected in the 1972 outbreak,
the attack rate in 1974 was still 50% higher in those who had
previously received the A/Hong Kong vaccine (27/45, 60%) vs.
the influenza B vaccine (11/26, 40%) (p = .15).

The third boarding school outbreak occurred in the spring of
1976 [8]. The 1976 outbreak was caused by a new H3N2 antigenic
cluster: A/Victoria/3/75. The investigators compared attack rates in
1976 for boys who had received the current A/Port Chalmers

vaccine with no prior vaccination, those previously vaccinated,
and unvaccinated boys. This analysis was restricted to 375 boys
who attended school during all three outbreaks andwas based on
receipt of prior strains rather than number of vaccine doses.
Accordingly, the total number of doses received in the ‘repeat
vaccination’ group may have ranged from 3 to 5 (Table 1).

The attack rate among boys who received the A/Port
Chalmers vaccine without prior vaccine doses was about
30% lower compared to boys who were completely unvacci-
nated (Figure 1). Conversely, the attack rate was nearly 50%
higher in those who had received all three influenza A vac-
cines: A/Port Chalmers + A/England + A/Hong Kong compared
to the completely unvaccinated boys. The same patterns were
observed among boys regardless of prior infection history
during the first two outbreaks, suggesting that the infection
block hypothesis does not explain all of the differences
observed. However, the sample size was small in each vaccine
group, and there were no statistically significant differences in
attack rates across the three vaccine groups.

Table 1. Influenza A vaccines administered by season and year of matriculation
at Christ’s Hospital Boarding School. Influenza A (H3N2) outbreaks occurred in
December 1972, spring 1974, and spring 1976.

Influenza A vaccination by school entry
cohort

Influenza season 1970 1971 1972 1973 1974 1975

1970–1971 A/HK
1971–1972 A/HK A/HK
1972–1973 (first outbreak) A/HK A/HK A/HK
1973–1974 (second outbreak) None None A/Eng A/Eng
1974–1975a A/PC A/PC A/PC A/PC A/PC
1975–1976a (third outbreak) A/PC A/PC A/PC A/PC A/PC A/PC

A/HK = A/Hong Kong/1/68; A/PC = A/Port Chalmers/1/73; A/Eng = A/England/
42/72 [8].

aThe A/Port Chalmers/1/73 vaccine was coadministered with A/England/42/72
for the 1974–1975 season, and with A/Scotland/840/74 for the 1975–1976
season. The number of boys receiving these vaccines was not reported by
school entry year. Among boys who received A/PC vaccine, two-thirds were
reported vaccinated in both 1974–1975 and 1975–1976; one-third received A/
PC vaccine in 1974–1975 and not in 1975–1976.

Figure 1. Influenza A attack rates and vaccination status at a British boarding school during the 1976 outbreak. The analysis was restricted to students attending
school during all three outbreaks. We estimated the attack rates for boys not previously infected (light gray bars) by recalculating the denominators after excluding
‘Cases 1972: A/England’ and ‘Cases 1974: A/Port Chalmers’ as shown in the original publication. The A/Port Chalmers/1/73 vaccine (‘A/PC’) was co-administered with
A/England/42/72 for the 1974–75 season, and with A/Scotland/840/74 for the 1975–76 season. Data for this figure were derived from Figure 2 of reference [8] and
reprinted from The Lancet, Vol 313/Issue 8106, T.W. Hoskins, Joan R. Davies, A.J. Smith, Christine L. Miller, Audrey Allchin, Assessment of inactivated influenza-a
vaccine after three outbreaks of influenza a at christ’s hospital/p33-35, 1979, with permission from Elsevier.
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The cumulative attack rate across all three outbreaks was
similar among boys who were unvaccinated during the entire
period (51%) and boys who were appropriately vaccinated
before each outbreak (41%). These findings led the authors to
question the net benefit of repeated annual vaccination: ‘These
observations on three outbreaks of influenza A in a school
suggest that annual revaccination with inactivated influenza A
vaccine confers no long term advantage. The practice of offering
annual revaccination to adults seems open to question.’

2.2. Repeated vaccination randomized trial

The concern that repeated annual vaccination might reduce
vaccine efficacy led the US National Institutes of Health to
fund a 5-year randomized clinical trial. The trial was conducted
from 1983 to 1988 and final results published in 1997 [9].
Healthy 30–60 year-old adults were recruited to receive either
licensed, trivalent inactivated whole virus vaccine (TIV,
Connaught Laboratories) or placebo. Some, but not all, study
participants were randomized. New study participants were
randomly assigned to receive TIV or placebo only if they had
not received influenza vaccine in the past 3 years (first vac
group). Those who had been vaccinated in the past three
years were assigned to the multiple vaccination (multivac)
group and TIV was administered each fall for the duration of
the study. As a result, the multivac group included both
randomized and non-randomized individuals. Each fall, parti-
cipants who had previously received placebo were re-rando-
mized to receive vaccine (first vac group) or placebo (Figure 2).
Serum samples were collected pre- and post-vaccination and
after each season to assess hemagglutination inhibition (HI)
antibody response to vaccine and epidemic strains. There was
no active illness surveillance, but participants were encour-
aged to report respiratory illness episodes; nasal washes
were obtained for virus isolation in cell culture.

The study period included two predominant H1N1 seasons,
two H3N2 seasons, and three type B seasons. Overall, the
influenza infection rate (defined by seroconversion and/or

virus isolation) was significantly lower for each influenza vac-
cine group (first vac or multivac) compared with the placebo
group in 10 of 14 comparisons. In two of the remaining four
comparisons, there was a lower infection rate in the vaccine
group that was not statistically significant (p = .07). These
analyses included both randomized and non-randomized par-
ticipants. In a series of logistic regression models restricted to
randomized participants, influenza infection (virus isolation or
seroconversion) was not associated with the number of
sequential annual vaccinations. However, the majority of infec-
tions were identified based on seroconversion, which has
been recognized as a source of bias since the 1940s by under-
estimating infections in vaccinated vs. unvaccinated indivi-
duals [10,11]. This ‘antibody ceiling’ effect limits the serologic
response among vaccinated individuals who develop influ-
enza infection.

In an analysis that was restricted to randomized participants
and infections identified by virus isolation, the authors reported
a significant association between number of vaccine doses and
virus-confirmed infection during the H3N2 dominant 1987–
1988 season (odds ratio = 1.48, p = .006). The incremental
odds of virus detection with increasing doses were not linear,
and the virus-confirmed attack rate in 1987–1988 among peo-
ple who had received six vaccine doses was 2.7-fold higher
compared to those who received placebo (p = .07, chi-squared)
(Figure 3). In 1987–1988, the H3N2 vaccine strain was updated
but antigenically similar to the prior season strain. Both the
updated and previous H3N2 vaccine strains were mismatched
to the 1987–1988 epidemic strain. During the same season
there was a significant reduction in postvaccination geometric
mean titer (GMT) against the epidemic strain with increasing
number of sequential vaccinations (p < .001). In contrast to
1987–1988, there was no association between number of vac-
cine doses and virus-confirmed influenza in the 1984–1985
season when the H3N2 vaccine strain was identical to the
prior season and well-matched to the epidemic strain; none of
the participants had received more than three cumulative vac-
cines doses in 1984–1985.

Figure 2. Allocation into placebo and intervention arms for five year clinical trial of repeated vaccination (from reference [9]); TIV = trivalent inactivated whole virus
vaccine.
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The authors concluded that the study results ‘provide reassur-
ing evidence that annual vaccination of adults with inactivated
influenza vaccine (IIV) confers significant protection against influ-
enza each year.’ However, the trial results should be interpreted
cautiously due to several limitations. The multivac group
included both randomized and non-randomized participants –
an important caveat since baseline influenza risk may have been
different due to more frequent prior natural infection in those
who were unvaccinated at the time of study entry. The primary
clinical end point included serologic criteria (seroconversion), a
well-recognized source of bias. In addition, relatively few cases of
virus-confirmed influenza were identified within each vaccine
exposure group and season, limiting power to detect differences.
The generalizability of the study is further limited because the
whole virus vaccine that was licensed at that time has been
replaced with split or subunit vaccine formulations.

2.3. Antigenic distance hypothesis

In 1999, a potential explanation for the variation in repeated
vaccination effects was proposed by Smith and colleagues
based on a computer simulation of B-cell clones with different
antigen specificities [12]. According to this ‘antigenic distance
hypothesis’, vaccine efficacy is influenced by the antigenic
similarity between the prior season vaccine strain and the
epidemic strain (v1–e), and the antigenic similarity between
the current and prior season vaccine strains (v1–v2). In the
theoretical model, negative and positive interference was
determined by two competing immune processes: v2 antigen
trapping by v1 antibody, and v2 stimulation of a v1 memory
response that cross-reacts with the epidemic strain (e).

The computer model considered a simplified scenario with
two influenza seasons and challenge with epidemic virus in the
second season. The first season vaccine had varying antigenic
distance to the second season vaccine (v1–v2 distance) and to
the epidemic strain (v1–e distance). The antigenic distance
between the second season vaccine (v2) and the epidemic strain
was held constant (v2–e = 2, or antigenically similar). This was

explored for other homologous vaccine scenarios (v1 = v2) for
v2–e distances ranging from one to three. The simulation exam-
ined outcomes in four groups: (1) individuals not vaccinated
either season; (2) those receiving v1 only; (3) those receiving v2
only; and (4) those vaccinated in both seasons (v1 + v2).

The model demonstrated that repeat vaccination could
lead to higher or lower attack rates compared to first-time
vaccination depending upon conditions of v1–v2 and v1–e
relatedness. A lower attack rate (positive interference) was
observed in repeat vaccinees than first-time vaccinees when
v1 was antigenically close to the epidemic strain. A higher
attack rate (negative interference) was observed in repeat
vaccinees when the antigenic distance between v1 and v2
was small and v1 was antigenically distinct from the epidemic
strain. This effect was pronounced when v1 and v2 strains
were identical (i.e. homologous), and attack rates were higher
in both single and repeat vaccinees with increasing antigenic
distance between the vaccine and epidemic strain.

Themodel was tested using the results from the 1972 and 1974
(but not 1976) British boarding school outbreaks and the multi-
season randomized clinical trial results based on serologic and
virologic outcomes with randomized and non-randomized parti-
cipants [9]. The model did not predict absolute vaccine efficacy,
but there was a high correlation (r = 0.87) between the observed
results and the predicted ratio of efficacy in repeat vs. first-time
vaccinees.

3. Meta-analysis of repeated influenza vaccination
and vaccine effectiveness

For this review, we undertook a meta-analysis of studies con-
ducted after the 2009 pandemic to evaluate the effects of prior
season vaccination on current season vaccine effectiveness (VE) by
type/subtype.We restricted this analysis to studies that considered
the effect of current and/or prior season vaccination using a four-
level exposure variable: vaccinated current season only (not prior),
vaccinated prior season only (not current), vaccinated both sea-
sons, or unvaccinated in both seasons (referent group).

Figure 3. H3N2 virus shedding in 1984–85 and 1987–88 by total number of vaccine doses received in randomized clinical trial. Adapted from Figure 1 of reference
[9] and reprinted from Vaccine, Vol 15/Issue 10, Wendy A. Keitel, Thomas R. Cate, Robert B. Couch, Linda L. Huggins, Kenneth R. Hess, Efficacy of repeated annual
immunization with inactivated influenza virus vaccines over a five year period, p 1114–22, 1997, with permission from Elsevier.
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3.1. Search strategy and selection criteria

We searched for English language studies published from 1
January 2009 to 3 August 2016 that reported vaccine efficacy
or effectiveness against RT-PCR-confirmed influenza illness. We
searched Medline, EMBASE, clinicaltrials.gov, and other data-
bases using combinations of search terms that included ‘influ-
enza’, ‘vaccines’, ‘treatment outcomes’, ‘efficacy’, and
‘effectiveness’. The specific search terms are shown in
Supplementary Figure 1. We included studies conducted in
the outpatient, inpatient, or community setting, but inpatient
studies were summarized separately since VE for preventing
influenza hospitalization may not be comparable to VE in the
outpatient setting. We included observational studies using the
test-negative design, case-control studies, cohort studies, and
randomized controlled trials. To reduce bias, we restricted the
analysis to studies that applied standard symptom or syndrome
criteria for enrollment. The specific symptom eligibility criteria
were variable, but studies were excluded if they used a conve-
nience sample of clinical diagnostic tests rather than predefined
screening criteria. Studies were included if they reported VE
against H3N2, H1N1pdm09, or type B for a single season and
assessed vaccination status in the current and immediate past
season. We excluded cost-effectiveness studies, review articles,
and studies using nonspecific clinical or serologic end points.
Studies reporting current season VE for either pre-2009 seaso-
nal vaccines or monovalent H1N1pdm09 vaccine were excluded
to ensure maximum relevance for current seasonal vaccination.
The end points for the meta-analysis were vaccine effectiveness
against RT-PCR-confirmed influenza illness by type or subtype.

We included one publication after 3 August 2016 because
results were available to us before online publication on 4
October 2016 [13]. The specific search terms are shown in the
online appendix, and the protocol is available from the authors
on request.

3.2. Data analysis

Two reviewers abstracted data for eligibility criteria, study
characteristics, and VE estimates using a structured electronic
data collection form. Discrepancies were reviewed and cor-
rected by one author with approval of all reviewers. Pooled
estimates were generated using separate simple random-
effects models [14] to calculate the weighted pooled log
odds ratio and corresponding VE and 95% confidence interval
(CI) for each level of vaccine exposure compared to unvacci-
nated in both seasons. Vaccination in the prior season only
was interpreted as residual protection. Weights for each model
were calculated using inverse variances that incorporated the
between-study variance [14,15]. Heterogeneity among studies
was assessed using the χ2-based Q test and I2 statistic [15].

The primary analysis included studies for all seasons with no
age restriction beyond childhood. Pooled estimates were also
generated when there were ≥3 individual estimates for each
season. All analyses were performed using SAS version 9.4.

3.3. Results

We identified 4636 unduplicated publications and selected
183 for full-text review for eligibility (Figure 4). Eighteen stu-
dies met the eligibility criteria [4,13,16–31]. Of these, one study
was restricted to hospitalized patients and was therefore
excluded from the meta-analysis [31]. All studies originated
in the Northern Hemisphere, with the majority from North
America (Table 2). Most (82%) studies enrolled outpatients
with medically attended acute respiratory illness, 1 enrolled
both outpatients and inpatients, and 2 enrolled participants
from the community in a household cohort study. The 17
publications included 31 sets (current only, prior only, and
both seasons) of VE estimates that included unrestricted age

Figure 4. Flow chart for screening and selection of articles for inclusion in meta-analysis of repeated vaccination and vaccine effectiveness.
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groups. Characteristics of included studies by season, subtype,
and age group are shown in Supplementary Table 1.

VE estimates were consistently lowest for H3N2 across all
vaccine groups. There was substantial heterogeneity in repeat
vaccination effects within and between seasons and subtypes.
When negative effects of prior vaccination were observed, they
were most pronounced for H3N2, notably driven by two studies
in the 2014–2015 season. The pooled estimates should be inter-
preted with caution since the antigenic relatedness of vaccine
and virus strains varies by season and subtype.

3.3.1. H3N2
H3N2 VE estimates by current and prior vaccination status were
available from seven studies and three seasons, including 2011–
2012 (n = 2), 2012–2013 (n = 2), and 2014–2015 (n = 3). The
vaccine strain was unchanged in two of these seasons (2011–
2012 and 2014–2015). There was evidence of antigenicmismatch
with the vaccine strain in two seasons. In 2012–2013, circulating
viruses were well matched to the WHO cell-propagated refer-
ence strain, but antigenic mismatch occurred from mutations in
high-growth reassortant viruses used for vaccine manufacturing
[25]. In 2014–2015, the vaccine reference strain was poorly
matched to the dominant circulating strain from a new antigenic

cluster [32]. Studies were contributed fromCanada (n = 3), the US
(n = 3), and European multi-country (n = 1).

In general, H3N2 estimates were highest for vaccination in
the current season only. Pooled estimates for H3N2 were 39%,
17%, and 9%, respectively, for current season only, current and
prior season, and prior season only vaccination (Figure 5). The
pooled VE was statistically significant (i.e. greater than zero) for
current season vaccination only; pooled VE was not significant
for repeated vaccination. However, heterogeneity was high for
vaccination in current season only (I2 = 73%, p = .003) and in
both prior and current season (I2 = 86%, p < .0001) suggesting
important underlying variability for which pooled analysis may
not be appropriate. Conversely, the observation of no residual
protection from prior season vaccination was more consistent,
with lower heterogeneity (I2 = 48%, p = .1). Of note, two of
three studies reported pronounced difference between
repeated versus current season only vaccination during the
2014–2015 season [28,30], and this difference was statistically
significant in one study [28]. Vaccine strains were unchanged
and there was well-recognized mismatch between vaccine and
epidemic strains, a pattern consistent with the antigenic dis-
tance hypothesis. However, this difference was not observed in
the 2014–2015 U.S. Flu VE Network Study which had more
influenza cases with repeated vaccination and single season
vaccination than the other two studies combined [13].

3.3.2. H1N1pdm09
H1N1pdm09 VE estimates by current and prior season vacci-
nation status were available from ten studies and four seasons,
including 2010–2011 (n = 5), 2011–2012 (n = 1), 2013–2014
(n = 3), and 2014–2015 (n = 1). Studies were contributed from
more diverse countries than for H3N2, including Canada
(n = 3), Spain (n = 2), the US (n = 2), Finland (n = 1), the UK
(n = 1), and European multi-country (n = 1). Recommended
vaccine strains were identical across all seasons (Table 3) and
considered antigenically similar to circulating H1N1pdm09
viruses across this period despite the emergence of a new
genetic variant (clade 6B) in 2013 [27]. It is noteworthy that
studies included a mix of countries that had used mostly
AS03-adjuvanted monovalent H1N1pdm09 vaccine in
response to the 2009 pandemic (e.g. Canada, Finland, Spain,
or UK), or exclusively non-adjuvanted product (e.g. US), or a
combination (e.g. multi-country European study). The impact

Table 2. Characteristics of 17 published studies that met eligibility criteria for
assessment of current and prior season vaccine effectiveness.

No. (%)

Northern Hemisphere 17 (100)
Continent
Asia 1 (6)
Europe 5 (29)
North America 11 (65)
Publication year
2012 2 (12)
2013 2 (12)
2014 4 (24)
2015 4 (24)
2016 5 (29)
Enrollment setting
Outpatient only 14 (82)
Outpatient and inpatient 1 (6)
Community 2 (12)
Source of vaccination data
Self-report 5 (29)
Medical records/registry 7 (41)
Both 4 (24)
Not specified 1 (6)

Figure 5. Vaccine effectiveness for H3N2 studies without age restriction. For each VE estimate, the comparison group included individuals who were unvaccinated in
both the current and prior season.
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of adjuvanted monovalent vaccine use on the magnitude or
duration of repeated vaccination effects is unknown. Prior to
2013–2014, H1N1pdm09 estimates were contributed solely
from outside the US and were generally higher for repeat
vaccinees than current season only vaccine recipients, with
suggestion also of substantial residual protection from prior
season vaccination.

Pooled estimates in 2010–2011 for current season only, current
and prior season, and prior season only vaccination were 54%,
69%, and 61%, respectively (Figure 6). These were each statisti-
cally significant relative to no vaccination. Conversely, studies
from Canada and the US in 2013–2014 showed similar or slightly
lower VE among persons repeatedly vaccinated vs. those vacci-
nated in the current season only; VE was lower but still significant
for those vaccinated only in the prior (2012–2013) season. In the
overall pooled analysis across all seasons, heterogeneity was high
for repeated vaccination (I2 = 69%, p = .002), with more consis-
tency in findings for vaccination in the current season only
(I2 = 0%, p = .9) or prior season only (I2 = 40%, p = .1).

3.3.3. Type B
Influenza B VE estimates by current and prior vaccination
history were available for both lineages (combined) from
five studies and four seasons including 2011–2012 (n = 1),

2012–2013 (n = 1), 2013–2014 (n = 1), and 2014–2015
(n = 2). Lineage-specific estimates for B/Yamagata were
available from six studies and four seasons including
2011–2012 (n = 1), 2012–2013 (n = 2), 2013–2014 (n = 1),
and 2014–2015 (n = 2). For B/Victoria, there were only
three studies involving two seasons: 2011–2012 (n = 1)
and 2012–2013 (n = 2). Influenza B studies were contrib-
uted from Canada (n = 10), the US (n = 3), and European
multi-country (n = 1).

Quadrivalent inactivated vaccines containing both B
lineages were first licensed in the US in 2013, but most vac-
cines administered during the study period were trivalent and
contained only one B lineage. The same B/Victoria lineage
strain (Brisbane/60/2008) was included as trivalent vaccine
component from 2009–2010 to 2011–2012, and a B/
Yamagata lineage was included from 2012–2013 through
2014–2015 (Table 3). There was circulation of both lineages
in 2011–2012 and 2012–2013, whereas the B/Yamagata line-
age dominated in 2013–2014 and 2014–2015 with clade var-
iation relative to vaccine in both seasons.

VE estimates for B overall were similar or slightly higher for
repeat vaccination compared to current season only during
2011–2012 and 2012–2013 seasons of mixed lineage circula-
tion, but were lower during 2013–2014 and 2014–2015

Table 3. WHO vaccine reference strains and corresponding egg-adapted high-growth reassortant viruses for vaccine production from 2009–2010 through 2014–
2015.

2009–2010 2010–2011 2011–2012 2012–2013 2013–2014 2014–2015

Influenza A(H1N1)pdm09
WHO-recommended California/7/2009 California/7/2009 California/7/2009 California/7/2009 California/7/2009 California/7/2009
Egg-adapted HGR X-179A/X-181A X-179A/X-181A X-179A/X-181A X-179A/X-181A X-179A/X-181A X-179A/X-181A
Influenza A(H3N2)
WHO-recommended Brisbane/10/2007 Perth/16/2009 Perth/16/2009 Victoria/361/2011a Texas/50/2012a Texas/50/2012
Egg-adapted HGR Uruguay/716/2007 X-175C Victoria/10/2009

X-187
Victoria/10/2009
X-187

IVR-165a X-223Aa X-223A

Influenza B (Yamagata) (TIV)
WHO-recommended – – – Wisconsin/1/2010 Massachusetts/2/2012 Massachusetts/2/2012
Egg-adapted HGR – – – Hubei-Wujiagang/

158/2009
BX-39

BX-51B BX-51B

Influenza B (Victoria) (TIV or QIV)
WHO-recommended Brisbane/60/2008 Brisbane/60/2008 Brisbane/60/2008 Brisbane/60/2008 Brisbane/60/2008 Brisbane/60/2008
Egg-adapted HGR Brisbane/60/2008 Brisbane/60/2008 Brisbane/60/2008 Brisbane/60/2008 Brisbane/60/2008 Brisbane/60/2008

Shaded boxes show the influenza B strain that was included in quadrivalent vaccines but not trivalent vaccines during that season. TIV: trivalent inactivated vaccine;
QIV: quadrivalent inactivated vaccine; HGR = high-growth reassortant viruses provided for manufacturers for egg-based production.

aThese cross-season H3N2 strains were considered antigenically related viruses despite the change in strain name.

Figure 6. Vaccine effectiveness for H1N1pdm09 studies without age restriction. For each VE estimate, the comparison group included individuals who were
unvaccinated in both the current and prior season.
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seasons of lineage-matched (B/Yamagata) but clade-mis-
matched circulation (Figure 7). Consequently, pooling across
the four seasons resulted in overall minimal differences
between the two vaccine groups for influenza B. Pooled esti-
mates for type B were 61%, 55%, and 25%, respectively, for
current season only, current and prior season, and prior sea-
son only vaccination. The lineage-level analysis demonstrated
a similar pattern for B/Yamagata in 2013–2014 and 2014–2015,
with lower VE estimates in repeat vaccinees. With so few
studies and seasons, a pattern for B/Victoria is difficult to
discern.

In most studies and in pooled analyses, both groups of current
vaccine recipients (with or without prior season vaccination) had
higher VE than prior season only recipients although residual
protection from prior season vaccination was evident and statisti-
cally significant in pooled analyses for influenza B and B/Yamagata.
Low to moderate heterogeneity was observed for type B overall
(I2 = 0–52%, p ≥ .1), B/Yamagata (I2 = 7–20%, p ≥ .4), and B/Victoria
(I2 = 0–56%, p ≥ .2).

4. VE studies of repeated vaccination in multiple
prior seasons

Few studies have evaluated the impact of repeated vaccination on
clinical efficacy or effectiveness since the randomized trial was
conducted in the 1980s [9]. A large observational study on repeat
vaccination effects was conducted over eight seasons in
Marshfield, Wisconsin [33]. In this rural community, the
Marshfield Clinic Research Institute has conducted annual studies
of influenza vaccine effectiveness using the test-negative design
since 2004–2005 [18,23,34–36]. Each season, eligible individuals
are enrolled and swabbed when seeking outpatient care for acute
respiratory illness. Influenza vaccination dates over a 5-year period
were determined using a validated, web-based electronic immu-
nization registry [37].

To analyze prior vaccination effects over multiple seasons,
multivariate models evaluated the association between RT-
PCR-confirmed influenza (outcome) and exposure variables
for current season vaccination and 5-year vaccination history.

The latter was classified as frequent vaccinee (at least four of
five past seasons), infrequent vaccinee (1–3 vaccines), or non-
vaccinee (unvaccinated in prior five seasons). The comparison
group included individuals who were unvaccinated in the
current season and all of the preceding five seasons.

The analysis included 5800 study participants whowere in the
community cohort for at least five continuous years. Current
season VE against H3N2 was significantly higher (65%; 95% CI
36–80) among nonvaccinees (i.e. those vaccinated in current
season but not any of the prior 5 years) compared to frequent
vaccinees (24%; 95% CI 3–41). A secondary analysis stratified by
H3N2 season (2007–2008 and 2012–2013) yielded results similar
to the overall analysis, but interpretation was limited by the
smaller sample size and wide CIs.

For influenza B, VE was significantly higher for vaccinated
individuals who were unvaccinated during the prior five seasons
(VE 75%; 95% CI 50–87) compared to those who were frequent
vaccinees (VE 48%; 95%CI 29–62). There was evidence of residual
protection against type B among frequent and infrequent vacci-
nees who did not receive the current season vaccine.

An additional study assessed the impact of prior vaccina-
tion in one and/or two seasons on vaccine effectiveness
against H3N2 during the 2014–2015 season in Canada [28].
In this study, patients were enrolled by sentinel physicians,
and current and prior vaccinations were determined by phy-
sician records and/or self-report. In the analysis that consid-
ered only current and prior season vaccination, there was a
borderline significant elevated risk of influenza (negative VE)
among individuals repeatedly vaccinated (2013–2014 and
2014–2015) compared to those unvaccinated in both seasons
(VE −32%; 95% CI −75 to 0). In the analysis that considered
vaccine receipt in two prior seasons, there was a significant
increased risk of influenza among those who were vaccinated
for three consecutive seasons (including the 2014–2015 sea-
son) compared to those who were unvaccinated during all
three seasons (VE −54%; 95% CI −108 to −14).

A study using the test-negative design evaluated VE in
Navarra, Spain, during the 2014–2015 season with vaccine expo-
sure assessed over a three-season period: 2012–2013 through
2014–2015 [38]. This study found no significant protection

Figure 7. Vaccine effectiveness for type B (all), B/Yamagata, and B/Victoria studies without age restriction. For each VE estimate, the comparison group included
individuals who were unvaccinated in both the current and prior season.

730 E. A. BELONGIA ET AL.



against H3N2 in any vaccine group, but protection against
influenza B was high (>80%) among current season only vacci-
nees and among patients who were vaccinated in two prior
seasons only (not current season). Conversely, VE against influ-
enza B was lower (43%) but still significant among patients who
were vaccinated all three seasons. Generalizability of these
results is limited because the study pooled inpatient and out-
patient cases of influenza, and vaccine formulations were sys-
tematically different in the prior seasons (split vaccine only)
versus the current season (subunit vaccine only).

Finally, three Canadian test-negative studies conducted in
2011–2012 through 2013–2014 reported VE against
H1N1pdm09 for current and/or prior season TIV receipt, with
or without 2009 monovalent pandemic vaccine (mostly con-
taining AS03 adjuvant) [25–27]. During the first two seasons,
there was nonsignificant residual protection (VE ~50%) against
H1N1pdm09 from prior 2009 monovalent vaccine receipt
despite no subsequent TIV doses. By 2013–2014 this residual
monovalent vaccine protection was essentially zero (VE ~1%).
Across the study period, repeat vaccine recipients were better
protected than the consistently unvaccinated or those who
received only the 2009 monovalent vaccine.

5. Immunogenicity studies of repeated vaccination

Several studies since the 2009 pandemic have assessed the
impact of repeated vaccination on adaptive immune response.
Although earlier studies have shown that prior vaccinees are
less likely to seroconvert after vaccine receipt than first-time
vaccinees, the more recent studies demonstrate that repeated
vaccination can blunt the antibody response to hemagglutinin
even after adjusting for prevaccination titer.

5.1. Michigan clinical trial

A study at the University of Michigan demonstrated that
blunting of the serologic response to IIV can persist up to
18 months after repeat vaccination. Investigators collected
serial serum samples from adults who participated in a rando-
mized trial comparing IIV and live attenuated influenza vac-
cine (LAIV) efficacy in 2004–2005 and 2005–2006 [39]. Subjects
were randomized to receive LAIV, IIV, or placebo in 2004–2005,
and each group received the same intervention during the
second season while new recruits were randomized. In the
second season, nearly all IIV recipients had postvaccination HI
titers ≥32 for both H3N2 and B/Yamagata, and the estimated
time to a 50% (2-fold) decrease in titer was 410 days for H3N2
and 424 days for B/Yamagata. The GMTs remained signifi-
cantly lower (p < .001) in the repeat IIV group compared to
the single IIV group at all four time points up to 18-month
postvaccination.

5.2. Michigan household cohort study

Another study at the University of Michigan found blunting of
the H3N2 vaccine response in a cohort study with 321 house-
holds (1426 members) during the 2012–2013 season [21].
Subjects with any vaccine exposure had higher titers than
those who were unvaccinated in both 2012–2013 and the

prior season. The HI titer against H3N2 was significantly higher
(p = .03) in single vaccinees (current season only) compared to
repeat vaccinees. There were no significant differences for the
other antigens or for neuraminidase titers. A similar household
cohort study in 2013–2014 found no difference in preseason
HI titers against H1N1pdm09 among persons vaccinated in
two consecutive seasons (2012–2013 and 2013–2014) and
those vaccinated only in the current (2013–2014) season [22].
Neuraminidase inhibition titers were also similar in these two
groups.

5.3. Serologic response to repeated vaccination in
health-care workers

In 2010–2011, blunting of the serologic response to the H3N2
vaccine strain was demonstrated in a cohort of 816 health-
care workers [40]. The investigators aimed to determine if
there was a dose–response relationship between the number
of prior influenza vaccinations (up to four) and the HI response
to A/Perth/16/2009, the WHO-recommended H3N2 compo-
nent of the 2010–2011 vaccine.

Health-care workers who had received one or more doses
of IIV in the past 4 years all had similar adjusted prevaccina-
tion titers, but the adjusted geometric mean fold rise (MFR)
after vaccination was inversely associated with the number of
prior vaccinations. The MFR was 6.2 (95% CI 3.4–11.3) among
those with no prior vaccinations, 4.3 (95% CI 3.3–5.5) among
those with one prior vaccination, and 2.3 (95% CI 2.1–2.6)
among those with four prior vaccinations. The findings were
similar when the analysis was stratified into groups with low
(<40) and high (≥40) baseline titers against H3N2. Post-sea-
son H3N2 titers were highest in participants who received
only one vaccination in the prior four seasons. There was a
consistent inverse association between vaccine serologic
response to A/Perth/16/2009 and the number of prior vac-
cine doses containing A/Wisconsin/67/2005 used in 2006–
2007 and 2007–2008 but not the more recent A/Brisbane/
10/2007 vaccine strain used in 2008–2009 and 2009–2010.
The authors proposed differential responses to historic vac-
cines to explain this apparent paradox.

5.4. Serologic response in young and older adults with
repeated vaccination

An open-label clinical trial over four seasons suggested that
the declining serologic response to influenza vaccination in
older adults may be partially attributed to repeat vaccination
effects rather than immunosenescence [41]. Each year, healthy
young adults (20–40 years) who had never received influenza
vaccine and healthy older adults (≥65 years) who had not
been vaccinated in the prior 2 years were recruited. All new
and returning participants received licensed IIV in the fall, and
paired serum samples were collected. For all seasons and
subtypes combined, the initial prevaccination GMTs were
nearly identical in the young and old cohorts, but postvacci-
nation GMT was nearly twice as high in the younger vs. older
adults. This age effect diminished with increasing number of
repeated vaccinations. After an individual had received two or
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more vaccine doses within the study, the age effect disap-
peared, and this was observed for all three vaccine subtypes.

6. Possible immune mechanisms for repeated
vaccination effects

All vaccines are intended to trigger an immunological
response, but influenza is the only vaccine for which compo-
nents must be updated routinely due to virus antigenic evolu-
tion. It is the only vaccine given every year. This has poorly
understood effects that may vary depending on whether the
vaccine strain has been changed compared to the prior season
(s), changes in the genetic and antigenic characteristics of
circulating viruses, and the unique ‘antibody landscape’ deter-
mined by cumulative lifetime experience with influenza infec-
tion or vaccination [42]. As noted in the 1974 British boarding
school outbreak [7], natural infection appears to convey
broader and more durable immunity relative to vaccination
[43]. As proposed by Hoskins et al., vaccine-induced protection
in a given season may block the greater infection-induced
immunity and thereby contribute to higher risk in a subse-
quent season (infection block hypothesis). However, the infec-
tion block hypothesis is unlikely to explain all of the increased
risk among repeat vaccinees in the British boarding school
outbreaks.

The antigenic distance hypothesis has been the major theo-
retical framework for understanding variability in repeat influ-
enza vaccination effects. It remains a useful tool for interpreting
repeated vaccination effects, but it is likely an incomplete con-
ceptualization. The predictions of this hypothesis are based
entirely on the HI antibody response, but the adaptive immune
response to other virus components (i.e. HA2 or neuraminidase)
is likely to contribute. It was intended to predict relative but not
absolute vaccine effectiveness, and it incorporates only a single
prior season. It therefore does not consider more distant virus or
vaccine exposures that may also shape the immune response to
influenza vaccine. The potential for increased risk among repeat-
edly vaccinated individuals and the heterosubtypic effects of
trivalent or quadrivalent vaccine were also not considered by
the antigenic distance hypothesis [12].

Other immunological mechanisms that extend or comple-
ment the antigenic distance hypothesis should be consid-
ered. It has long been recognized that prominent recall of
memory responses to distant priming (imprinting) antigens
can shape hierarchical antibody responses to influenza (a.k.a.
original antigenic sin). Annual vaccination, as opposed to less
frequent infection exposure, may hasten such ‘sinful’ anti-
body refocusing toward prior versus evolved epitopes, pre-
ferentially selecting for cross-reactive but non-neutralizing
memory responses [44–47]. In the context of pre-existing
antibody, immune complex formation and Fc-receptor activa-
tion can lead to suppression of B cell responses to subse-
quent influenza vaccination [48]. Whether antibody-
dependent mechanisms may also suppress T cell responses
to influenza, as described in other virus models, is an area
requiring further research [49]. The preferential induction or
recruitment of regulatory cells upon re-exposure has been
proposed as an explanatory mechanism for original antigenic

sin responses and may also contribute to antagonistic T cell
responses with repeat influenza vaccination [50]. There is
evidence from animal studies that repeated vaccination can
interfere with the development of cross-reactive immunity
against other subtypes, likely mediated by reduced virus-
specific CD8+ T cell response [51,52]. In children, annual
vaccination has also been demonstrated to hamper develop-
ment of virus-specific CD8+ T cell immunity [53]. The implica-
tions remain unclear, but these findings raise the possibility
that repeated vaccination of low-risk individuals could affect
the occurrence or severity of illness caused by a new pan-
demic virus or a new seasonal virus antigenic cluster.

Scientific investigation into the immunologic effects of
annual vaccination remains severely lacking, particularly the
long-term effects of repeated vaccination over decades and
the specific preconditions for negative interference in some
seasons. Ultimately, the mechanisms to explain the variable
and potential negative effects of repeat vaccination remain
unknown, but they are likely multi-factorial and will require a
coordinated research strategy and a complex systems biology
perspective to address comprehensively [54].

7. Methodological challenges for evaluation of
repeated vaccination effects

Experimental studies can randomize participants to ensure
that study arms are comparable in their risk of acquiring the
disease and prognostic factors outside vaccination. This is not
possible with observational studies, which have methodologi-
cal challenges such as selection bias and residual confound-
ing. For analysis of repeat vaccination effects, this translates
into some specific challenges. Most individuals habitually
engage in the same pattern of vaccination (or nonvaccination)
every year. Only a small proportion are vaccinated for the first
time in a given season, seriously limiting the statistical power
for VE comparisons between first-time vaccinees and repeat
vaccinees. Direct comparison of the influenza risk between
first-time and repeat vaccinees has greater statistical power,
but the limited number of first-time vaccinees is still a
concern.

The reasons driving individuals to remain unvaccinated,
choose to be vaccinated for the first time, or to be vaccinated
repeatedly can be associated with their risk of disease or
complications. If a substantial proportion of first-time vacci-
nees are individuals who had influenza infection in the pre-
vious season, the natural immunity acquired with this prior
infection will decrease the risk of influenza compared to
repeat vaccinees and may lead to the erroneous conclusion
that vaccine protection decreases with multiple doses. First-
time vaccinees are necessarily younger than repeat vaccinees
and their immunological background may differ in terms of
the first influenza virus encountered (imprinting), lifetime
number of natural infections, and the overall influenza anti-
body landscape [42]. The usual adjustment for age using
continuous or dummy variables may not completely address
this problem and residual confounding may persist.

Misclassification of vaccination status can occur from both
self-report and immunization registries. The potential impact
of this misclassification will be greater for studies that assess
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individual vaccination status over multiple seasons compared
to a single season. Self-report is likely to be accurate for the
current season and at least one prior season [37], as well as for
individuals with more habitual vaccination patterns, but may
be subject to recall bias for more distant seasons and for
individuals with irregular vaccinations. For first-time vaccinees
and irregularly vaccinated individuals, the magnitude of mis-
classification from self-report is unclear. Immunization regis-
tries are incomplete and may not contain all relevant current
or prior vaccination records, contributing to greater misclassi-
fication for missing vaccination when used to classify vaccina-
tion status over multiple seasons. Misclassification will be
mostly non-differential between influenza cases and test-
negative controls, driving any association toward the null
value and underestimating differences in risk between differ-
ent groups of vaccinated and unvaccinated individuals.

Epidemiological analyses of repeat immunization must con-
sider the classical host–agent–environment triad: immunolo-
gical landscapes that vary by age, birth cohort, and jurisdiction
(host), vaccine strains (agent), and antigenic drift of circulating
viruses (environment). Pooling VE over several years for single
season vaccinees vs. repeat vaccinees assumes that vaccines
with different antigenic profiles have the same immunologic
effects in populations with variable immunological landscapes
and different circulating viruses, a far-fetched assumption.
Pooling VE within a specific influenza season controls for the
effect of vaccine updates, but it does not eliminate differences
in immunological landscape and characteristics of circulating
strains/clades in different jurisdictions. Overall, pooling will
tend to mask important variability and diminish the overall
magnitude of repeat vaccination effects.

8. Expert commentary

After more than four decades since concerns were initially raised
about repeat vaccination effects, the magnitude and mechan-
isms remain poorly understood. During this time, the target
groups recommended for annual vaccination have expanded in
many countries and now include nearly all citizens in the US and
most parts of Canada. The multiseason randomized clinical trial
during the 1980s did not provide definitive answers [9], and
concerns resurfaced after the 2009 pandemic when VE studies
began to assess repeat vaccination effects. Similar to findings in
the 1970s and 1980s, more recent observational studies from
2010–2011 through 2014–2015 show variable effects but sug-
gest that repeat vaccination may adversely affect vaccine-
induced serological response and effectiveness in some seasons,
particularly for H3N2. This is generally consistent with multiple
studies demonstrating that repeated vaccination can blunt the
HI antibody response to vaccine strains.

Our systematic review and meta-analysis covered a rela-
tively short time period, and there were few studies that met
our inclusion criteria. Most analyses of repeated vaccination
were conducted as a secondary analysis, and the precision of
the estimates was low. In addition to the small number of
studies and small sample sizes by vaccination group, there
was heterogeneity in study design, patient population, study

setting, vaccination type and ascertainment, age groups, and
seasons. Not surprisingly, we found substantial heterogeneity
in repeated vaccination effects. Heterogeneity of repeated
vaccination effects is plausible given the variability of the
immunological landscape in different age groups and popula-
tions and given variability in the relatedness between succes-
sive vaccine components and the circulating strain, by season
and subtype. The antigenic distance hypothesis predicts varia-
bility even in the context of a single prior season’s antigenic
exposures, but the actual immune response is undoubtedly far
more complex. Pooling of VE estimates across multiple sea-
sons can mask important differences at the individual season
level, and studies conducted in only three or four seasons are
inadequate to understand repeated vaccination effects that
may be positive, negative, or neutral for any given season,
subtype, or population subgroup.

Within the limited number of seasons assessed, the signal of
concern was greatest for H3N2. The pooled effect of repeated
vaccination for H3N2 was driven by the 2014–2015 season when
there was a major antigenic drift in the epidemic strain and the
vaccine strain was unchanged from the prior year. In that con-
text, two of three studies identified negative interference and in
one of these studies there was an increased risk in repeat vacci-
nees; the difference between repeat and single season vaccine
groups was statistically significant. Also during the 2014–2015
season, a study in Italy found a significantly increased influenza
risk (negative VE) in a population where repeated vaccination
was common, but VE was not reported separately for single
season vaccination and repeated vaccination [55]. This study
was therefore not included in the meta-analysis.

The antigenic distance model predicts a higher attack rate in
repeat vs. first-time vaccinees when v1≈v2 and v1 ≠ e. Although
blunting of cross-protection should be greater with homologous
vaccines and greater antigenic drift, the original antigenic dis-
tance model did not assess scenarios with homologous vaccine
components and a high level of mismatch comparable to 2014–
2015 (v–e > 3). During the other two recent seasons (2011–2012
and 2012–2013) for which non-homologous H3N2 vaccine anti-
gens were used in prior and current seasons, the effects of
repeated vaccination were less consistent or pronounced and
none showed significant variation by vaccine group.

The egg-based manufacturing process can introduce antige-
nically important mutations in high-growth reassortant viruses
used for vaccine production [25]. The long-term immune effects
of repeated exposure to egg-adapted vaccine strains that do not
exactly match circulating strains and of blocking natural infection
in healthy individuals with a low risk of influenza complications
are unknown. The public health impact of repeated immuniza-
tion and the immunologic mechanisms leading to reduced pro-
tection or increased risk remain poorly understood, and a major
research effort is justified given the substantial disease burden
associated with influenza (especially H3N2), the large public
investment in influenza vaccination programs, and the need to
maintain public confidence in vaccines. Our current understand-
ing of repeated vaccination effects is inadequate to inform vac-
cine policy recommendations, but future researchmay shed light
on the optimal strategies for vaccine strain updates and/or vac-
cination intervals in different age cohorts and populations.
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9. Five-year view

An increase in basic and applied research is needed over the
next 5 years to gain greater understanding of immunologic
mechanisms and clinical significance of repeated vaccination
effects. The emerging field of ‘systems vaccinology’ has the
potential to identify T cell, B cell, and transcriptional factors
that distinguish the responses to a single vaccine and
repeated vaccination [56]. Most influenza vaccines are derived
from egg-adapted high-growth reassortant viruses, and the
contribution of egg-induced mutations to repeated vaccina-
tion effects should be elucidated. In addition, animal and
computational investigations suggest that some adjuvanted
vaccines may reduce or eliminate original antigenic sin effects
[50,57,58]. Additional research is needed to understand
mechanisms and determine if this may be observed in a
sustainable way in humans.

Large-scale, multiseason community cohort studies were con-
ducted more than 30 years ago to understand the epidemiology
of influenza [59]. Since that time there have been advances in
molecular diagnostic tests, changes in vaccine policies, and
greater understanding of antigenic and genetic evolution of
influenza viruses. There is a compelling need for new multisea-
son studies that will include detailed assessment of vaccine
immune response (including B cell and T cell), and active surveil-
lance for RT-PCR-confirmed influenza in children and adults who
have received a single dose or repeated annual vaccine doses.
The detailed genetic and antigenic characterization of circulating
variants in relation to vaccine strains (both egg- and cell-pas-
saged) will be important to document annually in order to assess
whether results are consistent with the antigenic distance
hypothesis, and/or to formulate additional hypotheses.

Observational studies are more feasible and cost-efficient
than clinical trials, but they may not provide the robust evidence
needed to validate or modify vaccine policy recommendations.
Given the global impact of influenza and the expansion of annual
vaccination programs, there is a need for government or private
foundation funding to support a large multiseason randomized
trial. Due to ethical constraints, a placebo-controlled trial would
be challenging to implement in countries or jurisdictions where
universal annual vaccination is recommended. The trial design
should take advantage of new knowledge and lessons learned
since the prior clinical trial in the 1980s. Evaluation of the adap-
tive immune response to single and repeated vaccination should
include modern immunological concepts and assays, including
anti-HA stalk and neuraminidase antibodies, antibody-depen-
dent cellular cytotoxicity, and measures of epitope-specific T
and B cell response. The study should be sufficiently powered
to detect significant positive or negative interference from
repeat vaccination in a single season of moderate to high sever-
ity. Given the unpredictability of influenza seasons, enrollment
and randomization should be planned for five or more seasons
to achieve a high probability of success.

It is possible that changes in vaccine technology, including
development of a universal vaccine, could fundamentally alter
influenza vaccine program options in the coming decade and
reduce concerns about repeated vaccination effects [60]. Even
in this optimistic scenario, the knowledge gained regarding
influenza immune response will be valuable, and it will be

critical if inactivated egg-based vaccines continue to be used
by vaccination programs in many countries.

Key issues

● Observational studies conducted after the 2009 pandemic
show variable effects but suggest that repeat vaccination
may adversely affect vaccine-induced protection in some
seasons, particularly for H3N2. Interpretation is limited by
the short time frame, limited number of studies, and high
heterogeneity in some VE estimates. Pooling of VE esti-
mates across multiple seasons can mask important differ-
ences at the individual season level, and studies conducted
since 2009 are inadequate to guide program or policy
recommendations at this time.

● Few studies have assessed the effects of repeated vaccina-
tion across multiple seasons, but these suggest that vaccine
effectiveness may be influenced by vaccination patterns
over at least several seasons.

● Immunonogenicity studies indicate that repeated vaccina-
tion can blunt the HI antibody response against H3N2, even
after adjusting for prevaccination titer.

● Amore detailed understanding of the immunological basis for
vaccine-induced protection is needed. The antigenic distance
hypothesis provides a simplified theoretical framework for
understanding the immunological effects of repeated vacci-
nation, but the model considers only two vaccine exposures.

● The long term immunological effects of repeated exposure
to egg-adapted vaccine strains that do not exactly match
circulating strains, and of blocking natural infection in
healthy individuals with a low risk of influenza complica-
tions are unknown. These questions merit further investiga-
tion, particularly since annual vaccination is recommended
for healthy working age adults in much of North America.

● An increase in basic and applied research is needed over
the next decade. Multiseason clinical studies should include
both observational (cohort) studies and a randomized clin-
ical trial. These studies should incorporate modern immu-
nological concepts and assays, including HA stalk and NA
antibodies, antibody-dependent cellular cytotoxicity, and
measures of epitope-specific T and B cell response. The
findings from these studies will be important to guide
future influenza vaccine policies and recommendations.
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