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Vaccine effectiveness (VE) is defined as 
the reduction in risk of an outcome asso-
ciated with vaccination. To keep pace 
with ongoing antigenic drift in circu-
lating influenza viruses resulting from 
immune pressure, the composition of 
influenza vaccine is reviewed each year 
and strains are changed as needed. Since 
the emergence of 2009 pandemic influ-
enza A(H1N1) viruses (A[H1N1]pdm09 
viruses), they have gradually evolved 
into distinct genetic clades; the 6B clade 
was identified in 2013–2014, and the 
6B1 clade was identified in 2015–2016 
[1]. Short of conducting controlled clin-
ical trials each year, we are left to rely on 
methods of monitoring vaccine effective-
ness (VE) that are based on observational 
studies. Since the advent of highly spe-
cific influenza diagnostic tests based on 
nucleic acid detection, the test-negative 
study, a variant of a case-control study, 
has become widely used as a simple 
method to estimate VE [2, 3].

In this issue of The Journal of Infectious 
Diseases, Flannery et al demonstrate the 
value of epidemiological monitoring of 
VE. They estimated the effectiveness of 
inactivated influenza vaccines against 
medically attended respiratory illness 
caused by A(H1N1)pdm09 viruses over 

the course of 5  years in 7 US centers, 
using results of a test-negative obser-
vational study, and found that overall 
VE in 2010–2013, 2013–2014 (when 6B 
viruses were identified), and 2015–2016 
(when 6B1 viruses predominated) were 
69%, 56%, and 47%, respectively. They 
analyzed the observed reduction in VE 
in 2015–2016 further in different age 
cohorts and found that the estimated VE 
in the birth cohort born between 1958 
and 1979 was only 22%.

The proposition of original antigenic 
sin is that influenza virus strains encoun-
tered earliest in life have long-lasting 
effects and focus the immune response 
on shared epitopes upon subsequent 
infection or vaccination later in life [4, 5]. 
The working hypothesis for this study is 
that the cohort born between 1958 and 
1977, during which A(H1N1) strains 
did not circulate, was first exposed to 
the A(H1N1) strain that emerged in 
1977 (A/USSR/90/1977). Thus, indi-
viduals primed with a  pre-1957 A(H1) 
virus would be expected to respond 
with antibodies directed against epitopes 
that were shared with pre-1957 viruses, 
and individuals primed with post-1977 
A(H1) viruses would respond with anti-
bodies directed against epitopes shared 
with post-1977 viruses. This hypothesis 
is supported by studies showing that 60% 
of the serological responses to inactivated 
influenza vaccines are due to the boosting 
of preexisting antibodies, rather than new 
vaccine-induced antibodies [6].

The mechanism for the birth cohort 
effect was first proposed by Linderman 
et  al, who reported reduced serologic 
reactivity with the 2013–2014 6B viruses 

in a large proportion of middle-aged 
adults, owing to a mutation in the viral 
hemagglutinin from lysine to gluta-
mate at residue 166 [7]. In a separate 
study, Huang et  al found that a large 
proportion of monoclonal antibodies 
isolated from a single adult neutralized 
A/USSR/90/1977(H1N1) but failed to 
recognize 6B viruses owing to the same 
mutation, identified as K163 by their 
numbering [5]. This residue lies in a patch 
of conserved residues in the Sa antigenic 
site common to USSR/77 and A(H1N1)
pdm09 viruses. They proposed that anti-
bodies to this site were selectively recalled 
in 2009 in previously primed individuals, 
resulting in a focused antibody response 
that led to selection of mutations at K163. 
The current study by Flannery et al shows 
that data at a population level are consist-
ent with highly technical analysis of the 
antibody response to the viral hemagglu-
tinin in 1 person [5] or a small group of 
people [7]. It is likely that the population 
effects were only apparent after the emer-
gence of 6B1 viruses, which the authors 
point out is likely a result of the addition 
of a glycosylation site at the adjacent res-
idue (162), which further reduced anti-
body binding to this site.

The hypothesis is not without flaws, 
however. A  reduction in estimated VE 
against A(H1N1) viruses has been found 
in North America [8] but not to the same 
extent in similar studies conducted else-
where [9]. Flannery et  al also observed 
reductions in VE in other birth cohorts 
(eg, from 80% in 2010–2013 to 53% in 
2013–2014 in the cohort born between 
1982 and 1991 and from 72% in 2010–
2013 to 58% in 2013–2014 and 41% in 
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2015–2016 in the 1947–55 birth cohort) 
that were not commented on. Given the 
limits of uncertainty, it is possible that 
these effects are the result of statistical 
happenstance, and we should be careful 
to avoid confirmation bias in accepting 
only the results that fit our hypothesis. 
However, based on this accumulated evi-
dence, it seemed prudent to update the 
vaccine strain from A/California/7/2009 
to A/Michigan/45/2015 (a clade 6B1 
strain) for the northern hemisphere 
2016–2017 and southern hemisphere 
2017 influenza seasons.

Epidemiological data have also 
demonstrated the impact of problems 
in achieving matches between vaccine 
strains and circulating A(H3N2) strains. 
A(H3N2) strains are generally more anti-
genically diverse and are relatively more 
difficult to propagate in eggs. The lack of 
suitable vaccine candidates, combined 
with the potential for vaccine strains to 
antigenically change in the egg adapta-
tion process [10], have now been shown 
to result in impaired protection against 
this subtype [11].

Similarly, problems with the live atten-
uated influenza vaccine have surfaced in 
recent years. This has led to a downgrad-
ing in recommendations for this formula-
tion in the United States, from a preferred 
status for younger children [12], to a neu-
tral recommendation [13], and a non-
preferred status [14], compared with the 
inactivated vaccine. The reasons for the 
apparent downward drift in effectiveness 
over time [15] and the conflicting esti-
mates in other regions are not yet clear 
but may be related to the effect of revacci-
nation over several seasons [16].

Unfortunately, epidemiological data 
are a rather blunt measurement device. 
Confidence intervals around estimates 
are often imprecise, particularly in 
smaller subgroups where vaccine cover-
age is lower, such as children. This has 
led to the formation of Global Influenza 
Vaccine Effectiveness collaboration, a 
loose network of networks that compile 

available data twice yearly to inform 
participants in vaccine strain selection 
meetings. Many systems rely on clinical 
laboratory testing, where subtyping may 
not be available, and most systems do 
not collect data on specific vaccine prod-
ucts, apart from the intranasal vaccine. 
As with all observational data, estimates 
are vulnerable to bias and confounding, 
particularly if the incidence of respira-
tory illness due to pathogens other than 
influenza virus varies by vaccination sta-
tus. Epidemiological data only provide 
a signal to investigate, although as the 
study by Flannery et al demonstrates, this 
signal may provide valuable clues to a 
mechanism.

Although vaccine strain selection will 
always be made primarily on the basis of 
virological factors, epidemiological data 
are required to measure the overall im-
pact of the program. It took >50  years 
after the implementation of influenza 
vaccines to develop systems to routinely 
monitor their effectiveness. The subse-
quent 10–15  years of data suggest that, 
while the vaccines are generally protec-
tive, the degree of protection varies from 
season to season and that, importantly, as 
highlighted in the current article, it may 
be lower in certain population groups. 
These population-level data demonstrate 
that current vaccines are moderately pro-
tective at best, and more  effective vac-
cines are clearly needed.
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