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Summary

Objectives—Summary evidence of influenza vaccine effectiveness (IVE) against hospitalized
influenza is lacking. We conducted a meta-analysis of studies reporting IVE against laboratory-
confirmed hospitalized influenza among adults.

Methods—We searched Pubmed (January 2009 to November 2016) for studies that used test-
negative design (TND) to enrol patients hospitalized with influenza-associated conditions. Two
independent authors selected relevant articles. We calculated pooled IVE against any and (sub)type
specific influenza among all adults, and stratified by age group (18-64 and 65 years and above)
using random-effects models.

Results—We identified 3411 publications and 30 met our inclusion criteria. Between 2010-11
and 2014-15, the pooled seasonal IVE was 41% (95%C1:34,;48) for any influenza (51% (95%ClI:
44;58) among people aged 18-64y and 37% (95%CI:30;44) among =65 years). IVE was 48%
(95%Cl:37;59), 37% (95%Cl:24;50) and 38% (95%CI:23;53) against influenza A(H1N1)pdmOQ9,
A(H3N2) and B, respectively. Among persons aged =65 year, IVE against A(H3N2) was 43%
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(95%Cl:33;53) in seasons when circulating and vaccine strains were antigenically similar and 14%
(95%CI: -3;30) when A(H3N2) variant viruses predominated.

Conclusions—Influenza vaccines provided moderate protection against influenza-associated
hospitalizations among adults. They seemed to provide low protection among elderly in seasons
where vaccine and circulating A(H3N2) strains were antigenically variant.
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Background

Each year, seasonal influenza epidemics affect 20-30% of children and 5-10% of adults
globally® and that they cause three to five million severe (hospitalized) cases and 250,000 to
500,000 deaths worldwide.? Pulmonary complications, as a direct consequence of influenza
infection, after secondary bacterial infection or through the exacerbation of chronic
conditions,® and neuromuscular or cardiac complications* may cause severe forms of
influenza. Consequently, individuals at risk of developing severe influenza are those whose
immune system is likely to sub-optimally respond to viral or secondary bacterial infection®
and patients who may suffer from an exacerbation of these conditions due to influenza
infection..” The mean annual incidence of influenza related hospitalizations among persons
65 years and older typically ranges between 136 and 309 episodes per 100,000 persons in
the United States, and England®-11 and the case fatality among hospitalized patients is
estimated to be 7%.12

Vaccination is the primary means of preventing influenza illnesses and reducing their
burden. The World Health Organization (WHO) recommends annual vaccination to
individuals at increased risk of severe influenza illness, including adults with chronic
medical conditions and persons 65 years and older.1 Most middle and high income countries
provide vaccination through routine immunization programs targeting these groups.13:14
While a goal of reaching 75% vaccination coverage among persons 65 years and older by
2010 was set during the 2003 World Health Assembly,® few regions have reached this
target. In Europe, vaccine uptake was below 50% in this group in 2014.16 Vaccine delivery
in developed countries currently faces various challenges, including a decrease in
populations’ trust in vaccine effectiveness.17:18

As recommendations to annually vaccinate high risk groups have been adopted
internationally, conducting clinical trials to determine vaccine efficacy has become
impossible for ethical reasons. To monitor the IVE, post-marketing (Phase 1V) studies have
been conducted using observational data. Such studies have historically built on existing
outpatient-based sentinel surveillance networks, with a focus on the prevention of medically
attended influenza like illnesses (ILI). More recently, a growing number of health authorities
and research teams have set up hospital-based studies to measure IVE in preventing
hospitalized influenza-associated outcomes.19-21 First developed to measure IVE against
medically attended outcomes,?? the test-negative design (TND)23:24 has become increasingly
popular for use in hospital based studies. In this approach, investigators enroll patients based
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on clinical criteria and measure the I\VVE derived from the relative difference between the
odds of vaccination among patients testing positive and those testing negative for influenza
viruses. Because influenza-associated hospitalization is a rare outcome, these studies have
mostly reported IVE estimates with broad confidence intervals and limited conclusive
evidence about the effectiveness of vaccines against influenza-associated hospitalization.
Providing robust evidence of influenza vaccine effectiveness (IVE) in preventing severe
influenza illness is important to inform current vaccination strategies. While there have been
published reports of meta-analyses of studies reporting IVE against medically attended
influenza?®26 or against hospitalized outcomes in high risk groups,? there is a gap
regarding meta-analyses of IVE focusing on severe outcomes associated with influenza
viruses among adults. To provide precise estimates of IVE against laboratory-confirmed
influenza-associated hospitalizations, we reviewed published results and summarized IVE
estimates by adult age groups (18-64 years, = 65 years of age), influenza subtype/lineage
and influenza season.

We conducted a systematic review and meta-analysis of extracted I\VE estimates.

Search strategy and selection criteria

Exclusion

Two review authors (M.R. & N.E.) used the following search terms on Pubmed: (“influenza”
OR “flu”) AND (“vaccine” OR “vaccinat*”) AND (“hospital” OR “hospitali*”” OR “patient”
OR “inpatient”). They independently extracted, selected and reviewed articles.

A preliminary review of the literature showed very scarce data prior to 2009. To enable the
computation of season-specific IVE meta-estimates, we restricted the search to studies
measuring IVE from 2009 onwards. Studies published in English, French, Spanish or
Portuguese were considered. The review was initially conducted on 02/06/2016 and was
updated on 11/11/2016. The references of retrieved articles were also screened. Titles
identified through the initial search were screened independently by two review authors
(M.R. & N.E.). Abstracts of title based selected articles were reviewed and the full text of
those considered relevant were retrieved and reviewed. Pandemic monovalent, and seasonal
trivalent and quadrivalent influenza virus vaccines were considered.

In this meta-analysis, we included original analyses of IVE against hospitalized laboratory
confirmed influenza among adults. After applying these criteria and classifying studies by
study design, we observed that most published studies (39/50) used a TND approach. In
order to reduce qualitative heterogeneity among studies included in this meta-analysis, we
restricted studies to those using a TND. We included studies with any method of vaccination
status ascertainment and used any laboratory techniques for case confirmation, including
rapid diagnostic tests. We did not assess the risk of bias of the included studies since no risk-
of-bias tools are suitable to TND studies.

We excluded duplicate reports, studies reporting secondary analyses of previously-published
IVE data and interim reports superseded by a final report. We also excluded reports where
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IVE estimates were calculated using all ages (children and adults), unless their authors could
provide us with adult-specific results. We excluded site-specific estimates for studies
included in multicenter projects. We reported only season-specific IVE and excluded
multiple-season pooled estimates. To ensure comparability between results, and due to the
very limited number of TND studies providing such estimates, we excluded studies
restricted to intensive care unit (ICU) admissions associated influenza.

We excluded estimates reporting IVE for the 2009-10 seasonal influenza vaccines
containing the A/Brishane/59/2007-like seasonal A(H1N1) virus against A(HIN1)pdm09
(A/California/7/2009-like viruses), because the seasonal influenza vaccine was not expected
to provide protection against the pandemic virus.

Data collection

We used a structured electronic collection tool to screen and extract quantitative data from
the studies reviewed and used a semi-formatted form to compile qualitative information. For
each article, one review author extracted the information and another one checked the
extracted data. Disagreements between the two authors were solved through discussion. We
collected information about the country, influenza season, study population, age group,
vaccine type, laboratory test used, data sources, clinical criteria to include patients in the
study and maximum number of days between onset and specimen collection. For each age
group and outcome [any influenza, A(HLN1)pdm09, A(H3N2) and B], we collected IVE
estimates, their 95% confidence interval (95%CI) and the list of covariates used in the
multivariable analysis. Similar to a previous review,2> for each study reporting IVE against
A(H3N2), we retrieved the authors’ conclusion about the antigenic similarity between
vaccine and circulating strains. When no conclusion was provided by the authors, we looked
at the WHO recommendation for compositions of the influenza vaccine; if the A(H3N2)
component was updated in the following season, we assumed that the vaccine component
and circulating strains during the prior season were not antigenically optimally similar and
we categorized them as “variant” in this review.

Data analyses

We defined IVE as 100% x (1 —ratio of odds of vaccination among influenza cases versus
that among test-negative controls). We assessed heterogeneity among studies using the XZ-
based Q test (Cochran’s Q) and 12 statistic2® and we pooled study specific data to calculate
summary estimates. We computed meta-estimates using random-effect models, assuming
IVE would not be fixed across study sites and seasons because of different levels of
antigenic match between vaccine components and circulating strains. We used inverse
variances that incorporated an estimate of the between-study variance to calculate the
weights for the model.28:2% We computed pooled pandemic IVE for all adult ages against
monovalent A(HIN1)pdmO09 vaccines in 2009-10. We computed summary seasonal IVE by
age group (all ages = 18 years, 18-64 years and = 65 years) against any influenza viruses,
and separately for influenza A(H1N1)pdm09, A(H3N2) and B viruses, pooling estimates of
the 2010-11 and subsequent seasons. We computed season specific summary estimates for
all adult ages against any type of influenza virus, grouping each southern hemisphere season
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with the following northern hemisphere season. We calculated summary estimates of IVE
against A(H3N2) by adult age group and antigenic similarity.

In sensitivity analyses, we computed summary estimates by age group and (sub)type of
influenza viruses restricting our data to studies using a clearly stated set of clinical criteria
[e.g., ILI or severe acute respiratory infection (SARI)] to enroll patients, and to studies using
exclusively RT-PCR for laboratory testing.

When authors did not report age group specific IVE (18-64 years, = 65 years) but did
provide IVE estimates for smaller breakdowns of these age groups (for example 18-49 years
and 50-64 years), we computed a study specific age group IVE meta-estimates and their
95%CI using fixed effects models.

We assessed the possibility of publication bias by plotting the log of studies’ variability
(standard error of the OR) against the log of the size of the reported effect (OR).30 The
symmetry of the resulting “funnel plots” was assessed both visually, and formally with the
Egger’s test.31 We did all analyses with STATA version 14.2.

Role of the funding source

There was no funding source for this study. The corresponding author had full access to all
the data in the study and had final responsibility for the decision to submit for publication.

Results

We identified 3411 unduplicated publications, of which we selected 407 for abstract review
and further selected 93 for full-text review. We extracted data from 50 articles and included
30 of them in our IVE meta-analysis?132-60 (Fig. 1, Table S1, Table S2). Nineteen studies
were conducted in the Northern hemisphere and included studies covering seasons 2009-10
through 2015-16 (Table 1). In 22/30 articles, a clear set of clinical criteria was used to select
patients to swab. In the remaining eight articles, the selection of patients to swab was left to
the discretion of the clinician. A maximum allowed number of days between onset of
clinical illness and swabbing to enroll patients was mentioned in 21/30 reports. All 27
studies reporting seasonal IVE presented estimates adjusted for age and presence of
comorbidities and 13/27 further adjusted for calendar time. The three studies reporting
pandemic IVE adjusted for calendar time and 2/3 further adjusted for age; none of them
adjusted for comorbidities (Table S1).

Overall, we compiled 116 IVE estimates, including 59 estimates against any influenza, 18
against influenza A(H1N1)pdmQ9, 28 against A(H3N2) and 11 against B viruses (Table S3).

Estimates against any type of influenza

Twenty-four studies through six seasons reported seasonal I\VVE estimates against any type of
influenza virus among adults of all ages, with IVE point estimates ranging from -65% to
59% (Fig. 2). Heterogeneity was moderate at 12 = 48%, and the pooled IVE estimate for all
ages was 41% (95%Cl: 34;48).
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For adults younger than 65 years of age, IVE point estimates ranged from —67% to 61%, 12
was 0%, and the pooled IVE estimate was 51% (95%CI: 44;58). For adults aged =65 years,
IVE ranged from —25% to 58%, 12 was 26% and the pooled IVE estimate was statistically
lower at 37% (95%Cl: 30;44) (Table 2).

Pooled season-specific seasonal IVE estimates against any influenza viruses in all adults
ranged between 31% in 2011-12 and 2014-15 and 53% in 2013-14. Summary monovalent
pandemic IVE against influenza A(H1N1)pdm09 hospitalization in 2009-10 was 72%
(95%Cl: 22;100) (Table 3).

Seasonal vaccine effectiveness against influenza A(H1IN1)pdmOQ9 viruses

Seven TND studies through four seasons reported seasonal IVE against hospitalized
A(H1IN1)pdm09 among adults of all ages. The pooled IVE estimate was 48% (95%Cl:
37;59) (Fig. 3). Heterogeneity was low at 12 = 28%. For adults <65 years of age, the
summary IVE against influenza A(HIN1)pdmo09 viruses was 55% (95%Cl: 34;76) with 12 =
0%. For adults > 65 years of age, summary IVE was 54% (95%Cl: 26;82) with 12 = 64%
(Table 2).

Seasonal vaccine effectiveness against influenza A(H3N2) viruses

Based on nine reported estimates through four seasons, the pooled IVE against A(H3N2)
influenza viruses among adults of all ages was 37% (95%CI: 24;50) (Fig. 4). Heterogeneity
was moderate at 12 = 56%. For adults <65 years of age, the summary IVE against influenza
A(H3N2) viruses was 50% (95%CI: 38;62) with low heterogeneity (12 = 0%) and for
persons 65 years and older, summary IVE was 33% (95%CI: 21;45) with low heterogeneity
between estimates (12 = 33%) (Table 2).

Information regarding antigenic similarity between vaccine and circulating strains was
mentioned in all studies reporting IVE against A(H3N2) except one,*8 for which we
assumed similarity based on the fact that there had been no change in the A(H3N2) vaccine
component in the subsequent season. When restricting to seasons with antigenically similar
vaccine and circulating strains, pooled IVE against A(H3N2) was 52% (95%ClI: 39;66)
among all adults, 59% (95%CI: 38;80) among those aged <65 years and 43% (95%ClI: 33;
53) among persons 65 years and older (Table 4). In seasons with reported A(H3N2) variant
viruses, pooled IVE against A(H3N2) was 29% (95%CI: 13;44), 46% (95%CIl: 30;61) and
14% (95%CI: —3;30) among all age adults, adults <65 years and persons 65 years and older.
Of note, the pooled IVE among persons 65 years and older of 43% against A(H3N2) during
seasons with similar vaccine and circulating strains was statistically higher than the IVE of
14% during seasons with variant A(H3N2) viruses (with 95% CI that did not overlap).

Seasonal vaccine effectiveness against influenza B viruses

Based on five reported estimates through four seasons, with 12 = 0% heterogeneity, the
pooled IVE estimate against influenza B viruses among adults of all ages was 38% (95%Cl:
23;53) (Fig. 5). For adults aged <65 years, the summary IVE against influenza B was 45%
(95%ClI: 8:81; 12 = 0%) and for persons 65 years and older, summary IVE was 31% (95%Cl:
11;51; 12 = 0%) (Table 2).
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Sensitivity analysis
Sensitivity analyses, whereby we excluded data from studies not using clear clinical criteria
for patients” inclusion or those not exclusively using RT-PCR for laboratory testing, resulted
in similar summary estimates (Table S4, Table S5). Of note, the gap in IVVE against any
influenza hospitalization between adults aged <65 years (52%, 95%CI: 44; 59) and adults
aged =65 years was wider (32%, 95%CI: 21;43) when limited to studies using clear clinical
criteria.

Publication bias assessment

The funnel plots for IVE against any influenza were symmetrical around a single peak (Fig.
6). There was no statistically significant difference between the results in small and large
studies (Egger’s test, p = 0.475, p = 0.252 and p = 0.606 among adults of all ages, 18-64
years and 65 years and older respectively). Similar results were obtained for (sub)types
specific estimates (data not shown).

Discussion

Our meta-analysis estimated at 41% (95%CI: 34;48) the overall seasonal IVVE against
hospitalizations associated with laboratory confirmed influenza virus infections among
adults, with (sub)type IVE of 48% (95%CI :37;59) against influenza A(H1N1)pdm09, 37%
(95%Cl: 24;50) against influenza A(H3N2) and 38% (95%ClI: 23;53) against influenza B
viruses. Monovalent pandemic vaccine yielded to the highest pooled IVE at 72% (95%Cl:
22;100). Our results suggested that IVE was significantly higher among adults aged less than
65 years compared to those aged 65 years or older (51% vs. 37%, respectively). In seasons
with antigenic dissimilarity between A(H3NZ2) vaccine and circulating strains, IVE against
hospitalized influenza A(H3N2) was close to null among elderly at 14% (95%Cl: -3;30).

Our estimates were in line with the recently published meta-estimates of IVE against
medically attended influenza illnesses.2> Compared to influenza illnesses in outpatient
settings, we found slightly lower IVVE estimates against influenza A(H1N1)pdmO09 and B
virus hospitalizations. In contrast, our IVE point estimates against A(H3N2) virus
hospitalizations were a few percentage points higher than the findings from outpatient
settings.2® These comparisons are also in line with a recent meta-analysis comparing
outpatient and inpatient based IVE estimates within the same season and population, which
concluded that IVE for outpatient and inpatient influenza were consistent most of the time.51

Although prior reviews have noted lower influenza vaccine immunogenicity among older
adults2 and lower IVE point estimates among persons 65 years and older compared to
adults aged <65 year,2® this is the first review to document with sufficient precision that IVE
against influenza hospitalization is significantly lower for the elderly. This gap in vaccine
protection was especially notable against A(H3N2) hospitalizations.

Our results suggest that IVE against A(H3N2) was particularly low in seasons predominated
by variant A(H3N2) viruses. Lower IVE point estimates during seasons predominated by
variant A(H3N2) viruses were noted for all adults, but the difference was only statistically
significant among persons 65 years and older (43% vs. 14% in antigenically similar vs.
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variant seasons). The reasons why a poorly matched A(H3NZ2) vaccine component would
provide less protection to older adults is unclear, but may include a narrower and more
specific immune response to influenza vaccines82-64 and possibly age-cohort specific
differences in A(H3N2) virus exposure history.5°

Our meta-analysis of published IVE against hospitalizations associated with influenza virus
infections presented several limitations. Firstly, we solely searched the Pubmed database to
identify relevant studies, which captures the journals that influenza TND studies are
published in.Comparison of databases suggests Pubmed offers optimal frequency and timely
updates.®8 Furthermore, using funnel plots and the Egger’s test, we observed no evidence of
publication biases.30:31 The limited number of observations made the computation of
subtype specific estimates by season difficult. While our overall estimates are useful
evidence for public health decision makers, they do not reflect inter-seasonal variability of
IVE. Suboptimal IVE may be due to mismatch between WHO-recommended and circulating
strains but also to manufacturing processes, as described for the A(H3N2) vaccine
component (e.g.,57). We were not able to collect and compute influenza B lineage-specific
IVE, though primary care based published studies suggest the existence of influenza B
cross-lineage protection.68.69

We observed low to moderate heterogeneity (12 ranging between 0 and 64%) across IVE
estimates included in the various meta-estimates. However, the small number of estimates
and the large study-specific confidence intervals may hinder proper quantitative assessment
of heterogeneity between studies.”? Following Greenland’s recommendations on the
validation of meta-analysis approaches,’! we compared our results with values obtained
using a fixed-model approach and found very small differences in IVE point estimates (data
not shown).

Excluding IVE estimates focused only on intensive care unit (ICU) outcomes, and including
only TND based studies in our estimates, we tried to limit potential qualitative heterogeneity
across study methods. However, we did not apply restrictions to other methodological
features, such as symptom eligibility criteria, vaccination status ascertainment, laboratory
tests and specimen collection procedures, inclusion criteria based on the number of days
between illness onset and specimen collection. A systematic review of TND IVE studies’?
concluded that the most common variation in their practices was the analytical approach.
Similarly, we noted considerable variability in the variables used to adjust IVE estimates
across the studies in this review; however, all studies adjusted for age and presence of
comorbidities, which are the most consistently included covariates in IVE TND studies.’?
We believe that differences in other adjustment variables reflect local settings’ specificities.
Indeed, variations in viruses’ circulation and access to vaccines across study sites are likely
to lead to different confounding factors when measuring IVE.”3

In 8/30 articles, patients” inclusion was based on the physicians’ diagnosis rather than on a
clear set of signs and symptoms. Such an inclusion approach could have led to a selection
bias if the decision to include/exclude a patient was based on his/her vaccination status. One
study in France comparing ad-hoc and systematic sampling of ILI patients by general
practitioners showed a higher propensity of the physicians to select influenza positive cases
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and vaccinated patients.”* Although clinician testing has not been shown consistently to be
associated with vaccination status,’® such a bias, if present in the hospital based studies
would lead to underestimating the IVE. However, we found similar results when we
restricted our analysis to studies using clearly defined sets of clinical criteria.

To reduce qualitative heterogeneity between studies included in the meta-analysis, we
restricted our analyses to articles reporting results from TND studies. Other study designs
may be used to measure IVVE against laboratory confirmed hospitalized influenza. Cohort
studies are scarce as they usually rely on vaccine registries to allow defining cohorts of
vaccinated and unvaccinated individuals and require a systematic swabbing of SARI patients
in all hospitals covering the source population.’8 In the screening method,’’80 the odds of
vaccination among cases are compared with the odds of vaccination in a reference
population (based on administrative data). However, it is usually difficult to obtain vaccine
coverage stratified on all potential confounders, which may bias IVE estimates.
Consequently, WHO recommends against its use to measure IVE.”2 In case control studies,
controls must have experienced the same exposure of interest (here, influenza vaccination)
as the population giving rise to the cases. The source population of hospitalized influenza
cases may be defined as those at increased risk of SARI. In this context, non-influenza SARI
patients may represent an appropriate group of controls and the TND a suitable study design
to measure IVE. A recent modeling-based article suggested that measuring IVE against
hospitalized influenza among inpatients was subject to biases if recruited test negative
controls were included in the study because patients with exacerbation of underlying
cardiopulmonary (CP) disease would be over-sampled.81 Such a bias would lead to
recruiting a higher proportion of patients with CP in the study compared to the source
population giving rise to hospitalized cases. If the population with CP were more likely to be
vaccinated than the source population, such a bias would result in an overrepresentation of
vaccinated patients in the control group and, ultimately, an overestimation of the IVE. In our
meta-analysis, the presence of underlying conditions was controlled for in all studies
reporting seasonal IVE. Furthermore, published observational studies conducted in Navarra
(Spain) reported similar IVE estimates against influenza hospitalizations using cohort and
TND designs.”®

Our review could not examine the possible role of prior vaccination history in modifying
current season IVE against severe outcomes, which has been suggested by an increasing
number of publications.82:83 Repeat influenza vaccination over multiple years has been
associated with decreased clinical IVE against influenza A(H3N2) and B viruses associated
medical visits.84 Given that documenting current year influenza vaccination status is
especially challenging in hospital settings,32:33 it is not surprising that the effect of prior
vaccination on IVE was reported in very few articles.36:41.58 Nonetheless, research that
considers the possible modification of current season IVE by prior vaccination history
among hospitalized patients is needed, especially when consecutive identical vaccine
components are followed by an antigenically distinct circulating strain. This can result in a
blunting of IVE as described by Smith et al.85 and observed in 2014-15.86.87

Due to the limited number of TND studies reporting very severe outcomes,*>2:88 we could
not compute pooled IVE against ICU admission associated with laboratory confirmed
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influenza. Castilla et al.88 reported a higher IVE against ICU compared to hospitalized
influenza and concluded that vaccination lowered the severity of hospitalized cases of
influenza. For the same reason of paucity of published data, we could not explore the effects
of more potent vaccines. Adjuvanted vaccines may induce a more rapid and broader immune
response8® and an observational study suggested a reduction by 25% of the risk of
hospitalization for influenza or pneumonia with adjuvanted versus non-adjuvanted trivalent
inactivated vaccines. Increasing the size and the number of studies using ICU admissions
and deaths associated with laboratory confirmed influenza as outcomes as well as more
potent influenza vaccines would be useful to further guide influenza vaccination policies.

Conclusion

In conclusion, our review of the published literature suggests that among vaccinated
individuals influenza vaccines may prevent nearly half of the laboratory confirmed
hospitalizations associated with influenza viruses. We observed lower IVE among persons
65 years and older compared to adults aged 18-64 years. We also noted poor performance of
the seasonal influenza vaccines against influenza A(H3N2) viruses among the elderly in
seasons characterized by a mismatch between vaccine and circulating strains. Real-time
monitoring of antigenic drift during influenza A(H3NZ2) epidemics may facilitate the early
implementation of alternative prevention measures, such as prophylactic use of antivirals,
among the elderly.

Despite the lower effectiveness of influenza vaccines compared to other vaccines of the
expanded programs on immunization, seasonal vaccination remains the best and safest
public health measure to reduce morbidity and mortality due to influenza. Improving
communication about IVE against severe influenza could increase influenza vaccine uptake
and sustain investments in the vaccines. Larger studies providing insight into the
effectiveness of different vaccine types (e.g., adjuvanted/unadjuvanted, high-dose/standard
dose) in preventing severe influenza illness over various seasons could better target
vaccination strategies, especially among high risk populations. Developing more
immunogenic vaccines should however remain a public health priority.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2.
Study specific and pooled

age group.
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%
Autor Country Vaccine €5 (95%Cl) Weight
Aduts 16:64
Choi_2013. Korea 20102011 [ 53(36,71) 1435
Martinez-Baz_2013 Spain 2010-2011 e —— 51(-42,83) 112
Rondy_2013 ) 2012012 39(4,64) 380
Tumer_vac_2014 New Zealand 2012 — e 51(28,67) 1156
Rondy_2014 20122013 O 49(15,69) 603
Tumer_Eu_2014_1 New Zealand 2013 ——— 614,77 951
MeNeil_2014 Canada 20132014 e — 60(69,74) 135
Rondy_2016 & 20132014 < 50(10.72) 457
Cheng_2014 Australia 2014 —_— 50(35,61) 2600
Castila_vac_2016 Spain 20142015 36 (78,77) o7
Meei_2015 Canada 166,52 126
Patie_2016 40(13,68) 268
Qin_2016 China. 20142015 et 67 (212, 11) 035
Dissielo_2015 New Zealand 2015 46(1,70) 369
Sublotal (-squared = 0.0%, p = 0.77) - 51(45,58) 10000
Oider aauts 65+
Choi_2013 Korea 2010-2011 0(-156,61) 045
Kwong_2013 Canada 2010-2011 — 42(29,53) 1375
Martinez-8az_2013 Spain 2010-2011 26(-82,70) 0.89
Rondy_2013 & 2012012 17(7,38) 757
Cheng_CDI_2013_1 Australia 2012 32(9,50) 805
Tumer_vac_2014 New Zealand 2012 6(-51,42) 223
Rondy_2014 2012-2013 36 (14, 53) 856
Cheng_CDI_2013.2 Australia 2013 51(16,71) 535
New Zealand 2013 34 (28,66) 218
Canada 20132014 [ S — 58(35.73) 883
Cina 20132014 27(114.75) 058
EU 20132014 —_———— 37(9,57) 652
Australia 2014 ——— 52(36,69) 1252
Spain 20142015 24(25,59) 304
Canada 20142015 2(105,49) 087
Lywas_2016 Grecce 20142015 L 30(3,53) 521
MeNeil_2015 Canada 20142015 @t 25 (74, 10) 267
Petie_2016 usa 20142015 * 4832, 80) 150
Puig-Barbera_2015 Spain 20142015 _— 40 (13, 59) 692
ain_z20t6 cnina 20142015 -13(1220,50) 001
Bissilo_2015 New Zealand 2015 52(14,79) 223
Sublota (-squared = 26.0%,p = 0.135) 37 (20,44) 10000
Allages
Cheng_2011 Australia 2010 22(-10,52) 325
Dawood_2013 Traiand 2010 17 (427,70) 045
Chol_2013 Korea 20102011 RS 50(25,68) 502
Martnez Baz_2013 Spain 20102011 39(18,69) 196
Treanor_2013 us 2010-2011 —_— 56 (26, 74) 448
Cheng_2013 Australia 201 —_— 45(8,66) 355
Dawood_2013 Thaiana 2011 s2(4,77) 232
Choi_2016 Koren 2012012 et 46.(73,22) 169
Rondy_2013 = 20112012 20,38 605
Kelly_2016 Australia 2012 —_— ———— 35 (8,54) 468
Tumer_vac_2014 New Zealand 2012 —— 44.26,62) 591
Rondy_2014. v 2012201 _——— 40 23, 54) 663
Kely_2016 Australia 2013 — s2(19,71) 07
Tumer_Eur_2014_1 New Zealand 2013 —_——— 56(37,76) 551
MeNeil_2014 Canada 20132014 —_——— 59 (44, 69) 785
Rondy_2016 EU 20132014 S 40 (18, 56) 564
Cheng_2014 Australia 2014 — 52(42,60) 862
Pierse_2015 New Zealand 2014 —_— 52(30,74) 490
Castila_Vac_2016 Spain 20142015 26(14,52) 208
MeNei_2015 Canada 20142015 et A7 (86,13) 279
Petrie_2016 u 20142015 45,66 332
Puig Barbera_2015 Spain 20142015 _ — 336,59 457
Qin_2016 China 20142015 65 (175, 45) 037
Bissielo_2015 New Zealand 2015 N — 48.(20,76) an
Subtotal (I-squared = 48.9%. p = 0.004) 41(34.48) 100.00
NOTE: Weightsare from random efects analysis
T T T
2 50 100
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%

Author Country Vaccine ES (95% Cl) Weight
Adults 16-64

Martinez-Baz_2013 Spain 2010-2011 50 (-46, 83) 10.42
McNeil_2014 Canada 2013-2014 54 (22,73) 66.67
Rondy_2016 EU 2013-2014 61 (-2, 85) 22.91

Subtotal (I-squared = 0.0%, p = 0.950) O 55 (34, 76) 100.00

Older adults 65+

Kwong_2013 Canada  2010-2011 —_——————— 0(51,9) 28.64
Martinez-Baz_2013  Spain 2010-2011 5(-145,63)  6.01
Rondy_2014 EU 20122013 16(-49,53) 1635
McNeil_2014 Canada  2013-2014 —_—_— 63 (35, 79) 29.38
Rondy_2016 EU 20132014 35(20,65)  19.62
Subtotal (I-squared = 64.0%, p = 0.025) —_ 54 (26, 82) 100.00
All ages

Cheng_2011 Australia 2010 22 (-10, 52) 9.59
Choi_2013 Korea  2010-2011 —_— 51(32, 64) 23.85
Martinez-Baz_2013  Spain 2010-2011 o 30(-37,65)  4.01
Rondy_2014 EU 20122013 € 21(:25,51) 680
McNeil_2014 Canada  2013-2014 B 58 (38, 72) 22.30
Rondy_2016 EU 2013-2014 43 (6, 65) 10.39
Cheng_2014 Australia 2014 —_— - 60 (40, 73) 23.06
Subtotal (I-squared = 29.0%, p = 0.207) < 48 (38, 59) 100.00

NOTE: Weights are from random effects analysis

-20 0 50 100

Figure 3.
Study specific and pooled seasonal influenza vaccine effectiveness against influenza

A(H1IN1)pdm09 by age group.
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%
Author Country Vaccine Match ES (95% Cl)  Weight
Adults 16-64
Rondy_2013 EU 2011-2012  mismatch 40 (-4, 66) 12.44
Turner_vac_2014 New Zealand 2012 mismatch —— 51 (28, 67) 40.09
Turner_Eur_2014_1 New Zealand 2013 match ———e 61(34,77) 3298
Rondy_2016 EU 20132014 match € < 8(-145,65) 1.38
Castila_Vac_2016  Spain 2014-2015  mi + 42(-122,85) 142
McNeil_2015 Canada 2014-2015 - 8(-102,58) 238
Petrie_2016 USA 2014-2015  mismatch 40 (-13, 68) 9.29
Subtotal (I-squared = 0.0%, p = 0.776) _ 50(38,63)  100.00
Older adults 65+
Kwong_2013 Canada 2010-2011  match —— 40 (26, 52) 23.34
Rondy_2013 EU 2011-2012  mismatch ——— ! 16 (-9, 35) 15.54
Turner_vac_2014 New Zealand 2012 i < = 6(-51,42) 5.50
Rondy_2014 EU 2012-2013 match 58 (14,79) 9.66
Cheng_CDI_2013_ 2 Australia 2013 match —o— 51(16,71) 1205
Turner_Eur_2014_1 New Zealand 2013 match € —o 34(28,66) 549
Rondy_2016 EU 2013-2014  match —— 41 (10, 62) 12.91
Castilla_Vac_2016 Spain 2014-2015  mi s 26(-36,60) 530
Gilca_2016 Canada 2014-2015 i -2(-105,49) 2.29
McNeil_2015 Canada 2014-2015  MiSMatCheEmm— -33(-103,13) 3.83
Petrie_2016 USA 2014-2015  mi € - 48(-33,80)  4.01
Subtotal (I-squared = 32.7%, p = 0.137) _ 33(21,45)  100.00
All ages
Rondy_2013 EU 2011-2012  mismatch —_—t— 18 (-4, 35) 14.21
Turner_vac_2014 New Zealand 2012 mismatch ——— 44 (26, 62) 14.97
Rondy_2014 EU 20122013  match 62 (27, 80) 11.03
Turner_Eur_2014_1  New Zealand 2013 match —_—— 56 (37, 76) 14.21
Rondy_2016 EU 2013-2014 match —_——— 38 (8, 58) 11.66
Cheng_2014 Australia 2014 mismatch _— 35(9, 54) 1277
Castilla_Vac_2016 Spain 2014-2015 i —— 25(-29, 57) 6.14
McNeil_2015 Canada 2014-2015  MiSMatChemm— -22(-77,16) 548
Petrie_2016 USA 2014-2015  mismatch 43 (5, 66) 9.53
Subtotal (I-squared = 55.0%, p = 0.023) _ 37(25,50)  100.00
NOTE: Weights are from random effects analysis
T T T
-20 0 50 100

Figure 4.
Study specific and pooled seasonal influenza vaccine effectiveness against influenza

A(H3N2) by age group.
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Author Country  Vaccine
Adults 16-64

Cheng_2014 Australia 2014
Castilla_Vac_2016 Spain 2014-2015

Subtotal (l-squared = 0.0%, p = 0.912)

Subtotal (I-squared = 0.0%, p = 0.637) <>

NOTE: Weights are from random effects analysis

Older adults 65+

Kwong_2013 Canada 20102011

Rondy_2014 EU 2012-2013 N —
Cheng_2014 Australia 2014 <

Castilla_Vac_2016 Spain 2014-2015

Subtotal (I-squared = 0.0%, p = 0.809) Q

All ages

Choi_2013 Korea 2010-2011

Choi_2016 Korea 2011-2012

Rondy_2014 EU 2012-2013 -
Cheng_2014 Australia 2014

Castila_vac_2016 Spain 2014-2015 €

ES (95% CI)

45 (:6,72)
39 (116, 83)

44 (8,81)

13 (-77, 58)
37 (10, 56)
23 (-71,65)
12 (-67, 54)

31(12,81)

-13(-2280, 95)
-36 (-180, 34)
43(21,59)

39 (0, 63)

23 (-34, 56)

38 (23, 53)

%

Weight

86.68
13.32

100.00

844
72.73
8.32
10.51

100.00

0.02

63.54
23.12
11.33

100.00

-20 0 50

Figure5.

Study specific and pooled seasonal influenza vaccine effectiveness against influenza B by

age group.
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Figure 6.

Any influenza - older adults 65+

Funnel plots of effect size of individual studies included in the meta-analysis of influenza
vaccine effectiveness against any influenza among adults all ages, 18-64 years and 65 years

and older. Points correspond to OR from individual studies, diagonal lines show the

expected 95% confidence intervals around the summary estimate. Odds ratios are plotted on

a logarithmic scale.
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Characteristics of the 30 studies included in this review reporting influenza vaccine effectiveness estimates

against laboratory confirmed hospitalized influenza, 2008-20164.

Char acteristics of selected published studies N
Number of unique studies 30
Hemisphere North 19
South 11
By country income (World bank classification)? ~ Upper-middle-income economies 2
High income economies 28
Continent Europe 11
North America 6
Oceania 10
Asia 3
Influenza season 2009/10 3
2010/11 6
2011/12 4
2012/13 3
2013/14 4
2014/15 9
2015/16 1
Vaccine type Seasonal trivalent vaccine 27
Pandemic monovalent 3

a . . . .
Southern hemisphere seasons were grouped with the following northern hemisphere season.

bSource of information: https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups.
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