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For many years it has been generally accepted that well-
matched vaccines are the most effective single measure
to protect people who are predisposed to a more severe
outcome following infection with the influenza virus [1].
This group includes those aged at least 65 years, preg-
nant women and those who suffer from specific chronic
conditions and/or are immunocompromised.

There is nonetheless widespread professional and
public interest in, and some debate about, the level
of protection afforded by annual influenza vaccination
[2,3]. The level of such protection is assessed in two
main ways: as estimates of efficacy from randomised
controlled trials and as estimates of effectiveness from
observational studies. Both are estimates of the pro-
portion of vaccinated people, compared to the propor-
tion of unvaccinated people, who are protected from a
specified influenza outcome. Efficacy estimates (from
trials) may be higher than effectiveness estimates
(from observational studies) because trials are con-
ducted in a controlled environment. A recent meta-
analysis of trials using laboratory-confirmed influenza
based on culture or PCR testing as the study endpoint
estimated influenza vaccine efficacy for healthy adults
at 59% (95% confidence interval (Cl): 51 to 67) for vac-
cines licensed in the United States (US) [4]. The major-
ity of those included in the studies were younger than
40 years. Unfortunately there were too few methodo-
logically acceptable observational studies for a pooled
analysis of vaccine effectiveness (VE).

A number of observational studies published recently
in Eurosurveillance [5-10] have reported estimates
of influenza VE less than 60%, and thus below that
from the meta-analysis. Possible reasons for this may
include (i) the study design, (ii) different age or risk
groups being studied, (iii) waning immunity, within a
season or between seasons, (iv) the match between
circulating viruses and vaccine strains, and (v) the
effect of repeated annual vaccination.
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In the following each of these factors is considered
separately to determine whether they may explain VE
estimates below 60% reported recently in this journal.

To overcome potential differences in VE estimates due
to variations in observational study design, a European
collaboration, the Influenza Monitoring of Vaccine
Effectiveness (I-MOVE), has produced pooled estimates
of influenza VE from multiple countries using shared
protocols over a number of influenza seasons [11].
Most contemporary observational studies of trivalent
influenza vaccine (TIV), in Europe or elsewhere, have
used PCR (with or without culture)-confirmed sympto-
matic influenza infection as their endpoints. This facili-
tates comparison with the meta-analysis, where culture
was most often used as an endpoint for studies of live
attenuated vaccine and PCR for studies of TIV. Two main
study designs have been used in the I-MOVE collabo-
ration. The first is a prospective test-negative variant
of the case-control study, where cases have a clinical
illness consistent with a diagnosis of influenza and
are test-positive for influenza, while controls have the
same clinical illness but test negative. This is generally
referred to as the test-negative design. The second is a
cohort, usually assembled from administrative and/or
surveillance databases. Some cohort study endpoints
are not laboratory-confirmed infection, but when the
same endpoint is used, VE estimates from both study
designs have generally been similar for patients in the
community or those admitted to hospital [11].

In the pooled test-negative design studies in Europe,
the seasonal influenza VE estimate in 2010/11 for com-
munity patients was 52% (95% Cl: 30 to 67), while the
point estimate for adults aged 65 years and over was
59% in 2008/09 and 56% in 2010/11, with missing val-
ues imputed in the latter estimate [11]. The European
estimates for 2010/11 are supported by a point estimate
of 56% from Australia in 2011 where the circulating
viruses and vaccine strains were the same as in Europe
[12]. In Canada in 2010/11 VE among adults aged 20-49
years was 65% (95% Cl: 8 to 87) for A(HiN1)pdmog,
66% (95%Cl: 10 to 87) for influenza B and 39% (95%



Cl: o to 63) for influenza A(H3N2) but VE for all ages
against any influenza strain was estimated to be only

37% (95% Cl: 17 to 52) [13].

Given the wide confidence intervals, the evidence sug-
gests that, while point estimates may sometimes be
lower in the observational studies in Europe and else-
where [5-13], they are not always substantially differ-
ent from the meta-analysis of VE from trials of vaccines
licensed in the US [4]. This is despite the fact that the
meta-analysis included only healthy adults recruited
into trials while the observational studies comprised
unselected adults, including those in risk groups.

When restricted to risk groups in the pooled European
test-negative design studies, VE estimates reported in
2010/11 were similar to those from the meta-analysis.
Among those targeted for vaccination, the point esti-
mate of VE was 56% (95% Cl: 34 to 71) [11]. The stud-
ies were performed in the community but similar VE
estimates were obtained when hospitalised patients
were studied in the same season in Valencia region,
Spain. For all patients hospitalised with laboratory-
confirmed influenza, the VE was estimated at 54%
(95%Cl: 11 to 76), with little difference when estimates
were restricted by age or risk group [14]. VE estimates
from observational studies in 2010/11 were similar to
the pooled estimate from trials [4], but the effect of
study design on VE is not yet clear [15,16].

In the northern hemisphere 2011/12 influenza season,
considerably lower estimates of VE were reported from
the Navarre region, Spain [5], the United Kingdom (UK)
[6] and from pooled studies in eight European coun-
tries [7] compared with those from previous seasons
using the same test-negative study design. In a mild
season in the UK in 2011/12, for instance, protection
against influenza A(H3N2) infection in primary care
was described as poor. Adjusted VE against confirmed
influenza A(H3N2) infection was only 23% (95% Cl -10
to 47), with VE of 43% (95% Cl -34 to 75) for October
2011 to January 2012 and 17% (95% Cl -24 to 45) for
February to April 2012 [6]. Researchers speculated
that a late season in which influenza A(H3N2) was the
dominant circulating virus might have resulted in lower
VE because antibody-derived immunity waned, which
resulted in reduced protection, especially evident
among older people who are more likely to suffer an
adverse outcome from influenza A(H3N2) virus infec-
tion. The influenza A(H3N2) strain in the vaccine was
assessed as being not well matched to the circulating
strain by the World Health Organization (WHO) which
consequently recommended a change in the A(H3N2)
strain for the vaccine in the following season [17].

Early estimates of VE, published in Eurosurveillance,
against the matched influenza A(H3N2) strain in
2012/13 have shown improved protection of around
50% in community settings. In the Canadian sentinel
surveillance scheme, VE estimates were driven by the
dominant influenza A(H3N2) strain among adults aged

20-49 years, an age group often over represented in
similar schemes. The adjusted VE against influenza
A(H3N2) was 45% (95%Cl: 13 to 66) [8]. In the UK,
adjusted VE against laboratory-confirmed influenza in
primary care was 51% (95%Cl: 27 to 68); against influ-
enza A, 49% (95%Cl: -2 to 75) and against influenza
B, 52% (95%Cl: 23 to 70) [9]. In the pooled estimate
from five European countries, adjusted VE was 62%
(95% Cl: 21 to 82) and 42% (95% Cl: -67 to 80) against
A(H3N2) for all ages [18]. The similar point estimates
from Canada and the UK were also in the range of the
interim point estimate of 55% protection against influ-
enza A reported for the US, although the US estimate
included children and was adjusted only for study site

[19].

However, VE against influenza for the same season was
not as encouraging in a study from Denmark, where
influenza A(H3N2) was also circulating. The study
used linked databases to construct a test-negative
design for patients aged at least 65 years [10]. Eligible
patients could be tested in hospitals or in the com-
munity, but 95% were tested in hospitals. VE against
influenza A was estimated as -11% (95% Cl: -41 to 14)
and 69% (95% Cl: 26 to 87) against influenza B. The
investigators identified antigenic changes that may
have contributed to the low VE estimate for influenza A
in the hospitalised elderly.

Thus, despite the improved interim VE estimates in
community settings from the UK, Canada and the US
after the change of the influenza A(H3N2) vaccine anti-
gen for the 2012/13 season, the VE estimate from pre-
dominantly hospitalised elderly patients in Denmark
indicates the relationship between vaccine effective-
ness and vaccine strain match may not be as clear as
we had assumed. Indeed after several years of obser-
vational studies, it is apparent that a better match
between circulating virus and vaccine strains does not
necessarily translate into improved VE. For instance, in
arecent study from Australian sentinel practices, where
the four-year point estimate of VE was 62% for adults
aged 20-64 years, VE was estimated at 58% (95% Cl:
17 to 79) in 2007 when all strains were assessed as pre-
dominantly mismatched, but 59% (95% Cl: 4 to 82), in
2010 when strains predominantly matched [20].

The apparent anomaly of VE not correlating with strain
match may relate to the way match is currently evalu-
ated or to the fact that antibody immunity measured by
haemagglutinin inhibition (HI) is not the only (or even
the best) correlate with protection from clinical infec-
tion. Indeed it has been suggested that Hl assays may
not always detect drift of the haemagglutinin antigen
[8,13]. VE may also vary with the antigenic distance
between circulating wild virus and the vaccine virus
contained in current and previous vaccines [21].

A number of observations, many of which have been

made previously and which may affect estimates of
VE, have become evident again in the last few years,
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but are still not well understood. These include the
possibility of intra-seasonal waning of immunity as
described in papers published in this journal [5-7], the
predictable effect of vaccine strain match or mismatch
on VE estimates [22], and the effect of repeated annual
vaccination on VE [21,23].

The recent VE estimates summarised above indicate
that inactivated influenza vaccine may provide levels
of protection below the range of 70-90% [1] and it is
becoming more widely accepted that VE is a complex
measure, with variation by year, influenza type and
sub-type, and by age and health status [2,3,22,24].
When reporting VE estimates in a range from 40-60%
in Eurosurveillance, authors have described protec-
tion as ‘sub-optimal’, ‘moderate to low’ or ‘moderate’.
While it could be useful for messaging if researchers
agreed on a common approach to describing estimates
of VE, it is important to bear in mind that 'moderate’
protection, in the order of 40 to 60%, is nonetheless
protection. If vaccination with a safe vaccine decreases
the risk of an adverse outcome by approximately half,
vaccination can be confidently recommended. We
note that all the interim VE estimates for influenza B
in the 2012/13 season are generally at the top end of
this range, or above, particularly evident in the study
from the Navarre region, Spain, where influenza B was
dominant and the vaccine and circulating strains were
of the same lineage [25].

Of course it is desirable to offer better than 50% pro-
tection and this is achieved in some years for some
influenza types or sub-types. We therefore continue to
support the use of existing vaccines, especially in pop-
ulations at risk of a severe outcome following infection.
We hope that influenza vaccine researchers continue to
refine study methods to estimate the benefit that can
be expected from inactivated vaccines in routine prac-
tice, and agree on how best to describe this benefit.
This is important for a consistent and credible public
health message.
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