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ABSTRACT

Background: Protection provided by seasonal influenza vaccination (SIV) may be measured against
numerous outcomes, and their heterogeneity may hamper decision-making. The aim of this study was
to explore outcomes used for estimation of SIV efficacy/effectiveness (VE) and obtain expert consensus
on their importance.

Research design and methods: An umbrella review was first conducted to collect and map outcomes
considered in systematic reviews of SIV VE. A Delphi study was then performed to reach expert
convergence on the importance of single outcomes, measured on a 9-point Likert scale, in principal
target groups, namely children, working-age adults, older adults, subjects with co-morbidities and
pregnant women.

Results: The literature review identified 489 outcomes. Following data reduction, 20 outcomes were
selected for the Delphi process. After two Delphi rounds and a final consensus meeting, convergence
was reached. All 20 outcomes were judged to be important or critically important. More severe
outcomes, such as influenza-related hospital encounters and mortality with or without laboratory
confirmation, were generally top-ranked across all target groups (median scores >8 out of 9).
Conclusions: Rather than focusing on laboratory-confirmed infection per se, experimental and obser-
vational VE studies should include more severe influenza-related outcomes because they are expected
to exercise a greater impact on decision-making.
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1. Introducti
niroduction other hand, the use of LCl in VE studies is associated with

Seasonal influenza vaccination (SIV) is a major public health
intervention able to reduce the burden of disease [1]. SIV is
a cost-effective intervention even if vaccine efficacy/effective-
ness (VE) is as low as 4% [2]. Indeed, SIV VE is still suboptimal
[3], especially in older adults and against the A(H3N2) subtype
[4] and depends on a variety of factors related to virus, vac-
cine, and vaccinee [5].

SIV VE may be established against numerous outcome
measures, the choice of which may have a profound effect
on VE estimates [6]. Traditionally, laboratory-confirmed influ-
enza (LCl) is considered a gold standard outcome for the
assessment of VE in both outpatient and inpatient settings
[3]. The main advantage of LCl is its high specificity. On the

some notable limitations. First, patient enrollment usually
occurs soon after the onset of symptoms, while those who
had developed an influenza-related complication (e.g. second-
ary bacterial pneumonia) may be either systematically
excluded [3] or test negative due to the natural viral clearance
[7]. Second, influenza virus may be responsible for a number
of extra-respiratory complications, including its ability to trig-
ger major cardiovascular events [8], for which influenza is
typically not considered in the diagnostic routine [7]. Third,
routine microbiological testing is not recommended for all
subjects seeking care for influenza-like illness (ILI) [9,10] and
therefore VE studies based on administrative registers may be
underpowered or affected by bias (e.g. physicians may
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preferentially prescribe laboratory testing to unvaccinated
patients or those presenting a more typical clinical picture
[3]). Taken together, these empirical concepts point out that
under several circumstances, sensitivity of LCI may be low.
Indeed, choosing appropriate VE outcomes requires a trade-
off between identifying less biased ones and providing infor-
mation that might be relevant for decision-makers [3].

Simulation studies [11,12] suggest that misclassification of
influenza due to imperfect test sensitivity and specificity leads
to biased absolute VE (i.e. vaccinated versus unvaccinated)
estimates in all principal study designs. This is particularly
true for the specificity: the lower the specificity of an influ-
enza-related outcome is, the lower the absolute VE would be
[12]. It has been estimated that if the influenza attack rate is
5%, the true VE against LCl is 50% and the risk ratio of
pneumonia following LCl is 5.0, the resulting VE against pneu-
monia would be 8% only [13]. Much less is instead known
about the effect of sensitivity and specificity on the relative VE,
which is the extent to which one vaccine is more or less
effective than another. Indeed, the so-called ‘enhanced’ quad-
rivalent formulations, such as MF59-adjuvanted, high-dose,
and recombinant vaccines, are currently available and may
provide additional benefits over standard-dose non-
adjuvanted vaccines in older adults [14]. A simulation study
by Lewis et al. [15] has come to an important insight: the
magnitude of the established relative VE against less specific
outcomes may dramatically change data interpretability. For
instance, when the observed relative VE of enhanced versus
standard vaccines against all-cause cardiovascular hospitaliza-
tions was <5%, the population benefit of enhanced formula-
tions was plausible. By contrast, when the relative VE was set
to 18%, unrealistic estimates of additionally averted all-cause
cardiovascular hospitalizations were generated [15].

Recent availability of different vaccine types has led to
a steady growth in the number of relative VE studies (reviewed
in [16-18]). Most relative VE studies were based on retrospec-
tive assessment of administrative data claims, for which no
laboratory-confirmed outcomes were available. Indeed,
a single retrospective cohort study could report relative VE
estimates against up to 11 different influenza-related out-
comes that may move in opposite directions [18]. This hetero-
geneity of outcomes and findings may disorient decision-
making. Based on this foundation, in this study, we aimed to
map outcomes that have been most frequently used for the
evaluation of SIV VE and to obtain an expert-driven evaluation
of their importance to eventually issue a set of critically impor-
tant outcomes. This set is meant to be taken in consideration
both in the planning and conduction of SIV VE studies on
different population groups and in the development of vacci-
nation recommendations at national level.

2. Methods
2.1. Literature review

Within this mixed-method study, the goal of the literature
review was only to explore and map outcomes used to eval-
uate SIV VE in the light of issuing a preliminary list of out-
comes for the Delphi study. Considering an increasing number

EXPERT REVIEW OF VACCINES 637

of systematic reviews (SRs) on SIV VE, we conducted an
umbrella review of the available SRs [19]. To be included,
a record had to be a SR with or without meta-analysis or
a protocol for a SR, which aimed to evaluate absolute or
relative SIV VE against at least one endpoint. There were no
restrictions regarding the study population, setting, design of
primary studies, vaccine type, or regimen. SRs focused only on
immunogenicity, safety, cost-effectiveness, vaccine accep-
tance, uptake determinants, and similar were instead
excluded. Manuscripts that did not qualify as SRs were also
excluded.

Automatic search was performed on 3 March 2023, by AD.
For this purpose, PubMed, Scopus, and Cochrane Library
(Cochrane Reviews only) were systematically searched using
a combination of MeSH (medical subject headings) and title/
abstract/keywords free search terms (Table S1). No filters or
other restrictions were applied. Following removal of dupli-
cates, titles, and abstracts of the available records were
screened by AD and cross-checked by CdW. Separately pub-
lished protocols and associated SRs were considered as
a single record. For review updates or living SRs performed
by the same research group, the latest version was considered.
The full text of potentially eligible SRs was then assessed
independently by AD, and CdW and disagreements were
solved by consensus. Finally, a manual search of the included
SRs was performed by the backward cross-reference checking.

2.2. Selection and mapping of outcomes

The selected set of SRs underwent the process of data extrac-
tion. In particular, all outcomes that were pre-specified in the
article methods and/or results were first tabulated. SIV target
populations could be one of the following: general population
(=6 months), children (6 months to 14/17 years depending on
the definition adopted in the SR), working-age adults (15/18 to
60/64 years depending on the definition adopted in the SR),
older adults (=60/65years depending on the definition
adopted in the SR), pregnant women and/or newborns
(through maternal immunization), and subjects of any age
with underlying health conditions.

Once extracted, the resulting pool of outcomes underwent
a first process of data reduction, i.e. clinically, pathogenetically
and semantically similar outcomes were grouped together
(e.g. non-fatal myocardial infarction and stroke were com-
bined into a single outcome of ‘major cardiovascular events;’
different definitions of ILI were combined into a single out-
come ‘ILI'). Then, on the basis of laboratory confirmation and
clinical features, the outcomes were categorized a posteriori
into seven mutually exclusive categories, namely: (i) labora-
tory-confirmed outcomes [e.g. any LCl, severe acute respira-
tory infection (SARI) with laboratory confirmation, hospital
encounter for LCl]; (ii) influenza-related outcomes with no or
unknown laboratory confirmation [e.g. ILI, acute respiratory
infection (ARI), influenza-related primary care visits, hospital
encounters, or deaths derived from administrative data flows);
(i) respiratory complications potentially triggered by influ-
enza virus [e.g. pneumonia and other lower respiratory tract
diseases (LRTDs), exacerbation of chronic obstructive pulmon-
ary disease, otitis medial; (iv) cardiovascular complications



638 (&) C.DE WAURE ET AL.

potentially triggered by influenza virus (e.g. myocardial infarc-
tion, stroke, and other major cardiovascular events); (v) hospi-
tal encounters not directly related to influenza (e.g. all-cause
hospital encounters); (vi) mortality not directly related to influ-
enza (e.g. all-cause mortality) and (vii) miscellaneous (out-
comes that did not fall into the previous categories).
Notably, only the first group includes outcomes with explicitly
stated laboratory confirmation.

Relative percentages were then calculated within each
category considering, as denominator, the total number of
SRs assessing any outcome in each of the seven categories.
This allowed identifying the most frequently investigated out-
comes within each category. This analysis was first performed
overall, i.e. considering all the included SRs independently by
the study population, and then according to the target popu-
lation. Indeed, as because several outcomes may be relevant
only to some target populations, a subsequent data reduction
step was performed according to the target groups described
above. Finally, the most common outcomes within each cate-
gory and target population group were included in the pre-
liminary list for the Delphi process based on the ranking of the
calculated relative percentages (from the highest to the
lowest).

2.3. Delphi study

A Delphi study was designed to reach consensus on the
importance of the preliminary list of different outcomes used
in SIV VE studies. We thought a priori to include two rounds of
voting followed by a final consensus meeting. Two Delphi
rounds took place between July and September 2023.
Although there is not a recognized sample size for conducting
Delphi studies, a minimum of 12 panelists is generally consid-
ered acceptable to fulfill meaningful convergence [20]. By
assuming a non-response rate of 25%, a total of 16 partici-
pants were invited to take part in Delphi through a formal
personal written invitation. Experts were nominated to repre-
sent a diversified group of nationally recognized medical doc-
tors with an expertise either in research on SIIV VE and/or in
managing influenza vaccination in terms of providing advice
to decision-makers or programming, organizing, and deliver-
ing vaccination. Experts were selected in the field of public
health and preventive medicine (n=9), family medicine (n=
2), infectious diseases (n=2), internal medicine (n=1), pedia-
trics (n=1), and gerontology (n=1). The imbalance across
groups is justified by the fact that health professionals
entrusted to manage the vaccination campaign in lItaly are
public health practitioners. Anyhow, physicians were also
involved in considering the perspectives of health profes-
sionals more involved in vaccination offers in several settings.

Experts who agreed to participate were invited to the first
kickoff virtual meeting, in which panelists were provided with
problems, study goals, methods, timelines, and all major issues
were interactively discussed. They were then sent an e-mail
with a direct link to the questionnaire (File S1), which included
relevant background information and instructions. The survey
was performed on the virtual platform within3.com and was
pre-tested for comprehension, overall flow, and any technical

issues. Links to each round were active for 3 weeks and
reminders were eventually sent.

Panelists were asked to score the outcomes in all given
population target group on a 9-point anchored Likert scale,
which consisted of a numeric range from 1 (least important) to
9 (most important). The 9-point anchored Likert scale was
chosen based on the GRADE (grading of recommendations,
assessment, development, and evaluations) guidelines [21].
Panelists were instructed to score each outcome individually
without attempting to rank them. At the first round, panelists
were also asked to comment on the questionnaire and to
suggest additional outcomes or to modify the proposed ones.

Following the completion of the first round, experts’ rank-
ings were analyzed and expressed as medians with interquar-
tile ranges (IQRs). Responses were a priori labeled according to
the following categories: (i) ‘critically important’ for median
scores 9 to 7; (ii) ‘important, but not critical’ for median scores
6 to 4 and (iii) ‘not important’ for median scores 3 to 1, as per
available guidelines [21].

Target-specific outcomes that reached consensus (see
below) by the end of round 1 were not brought to round 2.
For round 2, panelists received both a summary of their pre-
vious responses and median (IQR) scores for each target-
specific outcome that did not reach consensus. Panelists
were then invited to re-rate the outcomes without knowing
other panelists’ scores as they only received the aggregated
results of round 1.

Considering that no consensus measurement for Likert-
based items is universally accepted [22], we used a priori
a double criterion for defining consensus. For the first criter-
ion, at least 75% of the expert rankings had to fall within one
of the three above mentioned categories (i.e. critical, impor-
tant, or not important). For the second criterion, the IQR had
to be <2 [22-24]. Consensus was judged to be achieved if
both criteria were satisfied.

All panelists were finally invited to join the final virtual
face-to-face consensus meeting held in October 2023. This
meeting aimed to discuss the findings and obtain the final
rankings. In particular, participants were provided with rank-
ings for those outcomes for which consensus was reached
after both Delphi rounds. Outcomes that did not reach
consensus were then shown and a group discussion on
their importance was raised. Experts were then asked to
attribute these outcomes to the final GRADE category, and
the group discussion continued till unanimity was achieved.
With respect to this last step, a preliminary proposal of
classification was made, and inputs of the experts were
collected. No substantial divergences emerged during the
discussion.

3. Results
3.1. Literature review

A total of 1,210 records were initially identified, and the entire
selection process is depicted in Figure S1. Briefly, following the
removal of duplicates (n=204), titles, and abstracts of 1,006
records were screened for their eligibility. Of these, 879
records were excluded based on title/abstract, while 17 were



excluded with reasons (Table S2). Therefore, 110 SRs were
included in the analysis (Table S3).

For most (55%, 60/110) SRs, both randomized controlled
trials (RCTs) and observational studies were included, while
25% (28/110) and 20% (22/110) assessed only SIV efficacy
(including only RCTs) and effectiveness (including only obser-
vational studies), respectively. As expected, SRs of RCTs
focused mainly on laboratory-confirmed  outcomes.
Conversely, the list of outcomes in SRs of both RCTs and
observational studies was generally longer. At the level of
single studies, we noted that large register-based and indus-
try-sponsored studies tended to use less specific non-
laboratory-confirmed outcomes. With regard to SIV target
groups, 23% (25/110), 10% (11/110), 4% (4/110), 13% (14/
110), 31% (34/110), and 5% (6/110) of SRs targeted the general
population, children, working-age adults (mainly healthcare
workers), older adults, subjects with different co-morbidities
and pregnant women and/or newborns, respectively. The
remaining 15% (16/110) of SRs considered mixed population
groups. Compared with other target groups, SRs on pediatric
populations were more frequently focused on LCIl. There was
a clear increasing trend in the number of published SRs: 75%
(82/110) were published from 2015 onwards, while only one
(1%) was published before 2000.

3.2. Selection and mapping of outcomes

A total of 489 pre-specified outcomes were extracted from the
SRs included in the umbrella review (Table S3). Influenza-
related outcomes with no or unknown laboratory confirmation
and laboratory-confirmed outcomes were the most frequent
and accounted for 27% (134/489) and 20% (100/489) of all
outcomes, respectively. A total of 14% (69/489) and 13% (64/
489) of outcomes were classified as hospital encounters and
mortality outcomes not directly related to influenza, respec-
tively. Outcomes relative to respiratory and cardiovascular
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complications potentially triggered by influenza virus counted
up to 11% (55/489) and 8% (37/489), respectively. The remain-
ing 6% (30/489) of outcomes were less frequent and formed
a miscellaneous group (Table S3).

Following the data reduction process, 20 different out-
comes were identified. As shown in Table 1, the number of
outcomes ranged from eight in pregnant women to 18 in
individuals with co-morbidities for a total of 63 outcomes
across all target groups to be assessed by the panelists. LCl,
ILI, influenza-related hospital encounters, and all-cause mor-
tality were present in all target groups. Conversely, some out-
comes were specific to a particular target group [e.g. asthma-
related outcomes/recurrent wheezing for children and visits
for respiratory causes, major cardiovascular events, all-cause
intensive care unit (ICU) admission, and hospital encounters
for exacerbation of preexisting health conditions for subjects
with co-morbidities].

3.3. Delphi study

Of 16 experts invited, 14 agreed to participate (response rate
88%) and completed round 1. Their primary medical special-
ties were distributed as follows: public health and preventive
medicine (n=28), family medicine (n=2), infectious diseases
(n = 1), internal medicine (n= 1), pediatrics (n=1), and geron-
tology (n=1). They equally represented the academia (n=7)
and the practitioners/physicians (n=7), and they were based
in diverse macro-regions (Northern Italy, n=3; Central Italy,
n =8; Southern Italy and Islands; n=3). In this respect, it is
important to report that influenza vaccination policies across
Italian macro-regions do not change. A total of 882 single
ranks were analyzed. No additional outcomes were suggested
at round 1. Results of the first round were subject to the
ceiling effect, i.e. 26% (230/882) of scores received the highest
possible score equal to ‘9 - the most important.” As shown in
Table 2, at round 1, consensus was reached for 35 out of 63

Table 1. Influenza-related outcomes used for the Delphi process by the target population group.

Subjects with

Outcome group Outcome Children  Working-age adults Older adults co-morbidities Pregnant women?®
1 Any LCl + + + + +
1 Hospital encounters for LCI + + + + -
2 ARI + + + + -
2 ILI + + + + +
2 Influenza-related office visit + + + + -
2 Influenza-related hospital encounter + + + + +
2 Influenza-related mortality + + + + _
2 Office visits for respiratory causes - - - + -
3 Asthma-related outcomes/recurrent wheezing + - - - _
3 Otitis media + + - _
3 Pneumonia and LRTD + + + _
3/4 Exacerbation of health conditions - + - + _
4 Major cardiovascular events - - _ + _
5 All-cause hospital encounter + + + + -
5 All-cause ICU admission - - _ + _
5 Hospital encounter for respiratory causes - - + + -
5 Hospital encounter for cardiovascular causes - + +

5 Hospital encounter for exacerbation of health conditions - - - + -
6 All-cause mortality + +

6 Mortality for cardio-respiratory causes - - + + _

?In this target population, all outcomes were distinguished between pregnant women and newborns.
ARI, acute respiratory infection; ICU, intensive care unit; ILI, influenza-like iliness; LCl, laboratory confirmed influenza; LRTD, lower respiratory tract disease.
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Table 2. Results of the Delphi process, by round and target population group.

Round 1 Round 2
Outcome % consensus Median (IQR) % consensus Median (IQR)
Children
Influenza-related mortality 93 9 (8.25-9) - -
Hospital encounters for LCI 86 9 (8-9) - -
Pneumonia and LRTD 79 8 (7.25-9) - -
ARI 79 7.5 (7-8.75) - -
Influenza-related hospital encounter 71 7.5 (6.25-8) 86 8 (7.25-8)
All-cause mortality 57 7 (5.25-8) 71 7 (6.25-7)
All-cause hospital encounter 57 7 (6-7.75) 50 6.5 (6-7)
Any LCI 57 7 (4.5-9) 86 7 (7-8)
Otitis media 57 7 (5-7) 71 7 (6.25-7)
Influenza-related office visit 43 6.5 (5-8) 79 7 (7-7)
Asthma-related outcomes/recurrent wheezing 43 6.5 (6-7) 71 7 (6.25-7)
ILI 36 6.5 (4-7) 64 7 (6-7)
Working-age adults
Hospital encounters for LCI 100 9 (8-9) - -
Influenza-related mortality 100 9 (8-9) - -
Exacerbation of health conditions 93 8 (7.25-9) - -
Influenza-related hospital encounter 93 7.5 (7-8) - -
Pneumonia and LRTD 86 8 (7-8.75) - -
Any LCI 71 8.5 (5.5-9) 93 9 (8.25-9)
All-cause hospital encounter 71 7 (6.25-7.75) 86 7 (7-7)
All-cause mortality 71 7 (6.25-8) 79 7 (7-7)
ARI 69 7 (6-8) 93 7 (7-8)
Influenza-related office visit 57 7 (5.25-7.75) 93 7.5 (7-8)
Otitis media 50 4.5 (3-6) 86 4 (4-5)
ILI 36 6.5 (6-7) 64 7 (6-7)
Older adults
Influenza-related mortality 100 9 (8.25-9) - -
Hospital encounters for LCI 100 8.5 (8-9) - -
Mortality for cardio-respiratory causes 93 8 (8-8.75) - -
Pneumonia and LRTD 93 8 (7-9) - -
Influenza-related hospital encounter 93 7 (7-8) - -
Hospital encounter for respiratory causes 86 8 (7.25-8) - -
Hospital encounter for cardiovascular causes 86 8 (7-8) - -
All-cause hospital encounter 79 7 (7-8) - -
All-cause mortality 79 7 (7-8) - -
ARI 74 7 (6.25-8) 93 7 (7-8)
Any LCI 71 8.5 (6.25-9) 96 9 (8-9)
Influenza-related office visit 64 7 (6-8) 93 8 (7-8)
ILI 43 6.5 (5.25-7.75) 86 7 (7-7)
Subjects with co-morbidities
Influenza-related mortality 100 9 (8-9) - -
Pneumonia and LRTD 100 8 (8-9) - -
Hospital encounter for exacerbation of health conditions 100 8 (8-8.75) - -
Hospital encounter for respiratory causes 100 8 (7.25-8.75) - -
Mortality for cardio-respiratory causes 93 8 (7.25-8.75) - -
Influenza-related hospital encounter 93 8 (7-8) - -
Major cardiovascular events 93 8 (7-8) - -
All-cause ICU admission 93 7 (7-8) - -
Hospital encounters for LCI 86 8.5 (8-9) - -
Exacerbation of health conditions 86 8 (7-8) - -
Hospital encounter for cardiovascular causes 79 7.5 (7-8) - -
ARI 79 7 (7-8) - -
Any LCI 71 8 (6.25-9) 100 9 (8-9)
All-cause hospital encounter 71 7 (6.25-7) 100 7 (7-7)
All-cause mortality 64 7 (6-7.75) 86 7 (7-7)
Influenza-related office visit 57 7 (5-8) 93 7.5 (7-8)
ILI 57 7 (5-7) 86 7 (7-8)
Office visits for respiratory causes 35 6.5 (5-7) 71 7 (6.25-7)
Pregnant women
All-cause maternal mortality 100 9 (7.25-9) - -
Influenza-related hospital encounter in pregnant woman 93 8 (7-9) - -
Influenza-related hospital encounter in newborn 86 9 (8-9) - -
All-cause neonatal mortality 86 9 (7-9) - -
Any LCl in pregnant woman 79 7.5 (7-9) - -
Any LCl in newborn 71 9 (6.25-9) 100 9 (9-9)
ILI in newborn 64 7 (6-8) 93 7 (7-7)
ILI in pregnant woman 43 6.5 (6-8) 86 7 (7-7)

ARI, acute respiratory infection; ICU, intensive care unit; ILI, influenza-like illness; LCl, laboratory confirmed influenza; LRTD, lower respiratory tract disease.
Outcomes for which consensus was reached are evidenced in italics.



outcomes (56%). All these outcomes were judged critically
important. Regarding specific SIV target groups, most out-
comes for older adults (69%; 9/13), subjects with co-
morbidities (67%; 12/18) and pregnant women (63%; 5/8)
reached consensus at round 1. Conversely, only 33% (4/12)
and 42% (5/12) of the outcomes specific to children and work-
ing-age adults, respectively, reached agreement at round 1.
On considering median votes, in all target groups, experts
tended to attribute the highest ranks to more severe out-
comes, such as influenza-related mortality and hospital
encounters for LCl. By contrast, syndrome-based and primary
care outcomes like ILI or influenza-related office visits with no
laboratory confirmation were generally scored as less impor-
tant. Analogously, as shown by the width of IQRs, ratings for
the target groups of older adults and subjects with co-
morbidities were the most consistent. Less consistency was
instead observed for the outcomes relative to LCl and syndro-
mic definitions, especially in children (Table 2).

At round 2, no attrition was detected as all the panelist
involved in round 1 also completed round 2, and consensus
was reached for all the remaining outcomes in older adults
and pregnant women, while in the target groups of working-
age adults and subjects with co-morbidities consensus was
achieved for all but one outcome (ILI and office visits for
respiratory causes, respectively). In children, consensus was
not reached for the outcomes relative to all-cause mortality
and hospital encounters, otitis media, ILI, and asthma.

Finally, following the presentation of results of the first two
Delphi rounds and group discussion during the consensus
meeting, all participants agreed that the outcomes of ILI (chil-
dren and working-age adults), office visits for respiratory
causes in subjects with co-morbidities, all-cause mortality, all-
cause hospital encounters, otitis media, and asthma-related
outcomes in children should be considered as important but
not critical.

4. Discussion

In recent years, observational studies on absolute and, espe-
cially, relative SIV VE investigated a plethora of heterogeneous
outcomes. This heterogeneity underlines the need for a core
set of outcome measures for the synthesis of relevant evi-
dence in light of developing vaccination recommendations.
To our knowledge, this is the first study that attempted to
map, organize, and rank this multitude of outcomes used in
SIV VE studies.

Our umbrella review highlighted a large variability of study
outcomes, especially in some target groups such as subjects
with underlying health conditions. This variability is primarily
driven by observational studies that may use both high (e.g.
SARI with LCl) and low (e.g. all-cause mortality) specificity
outcomes. Conversely, RCTs are usually based on highly spe-
cific outcomes, namely LCI. It is axiomatic that as the specifi-
city of an outcome increases, its sensitivity decreases and vice
versa [25]. Less specific outcomes may address the issue of
underutilization of laboratory diagnosis of influenza and thus
allow evaluating the hidden burden of influenza [8].

EXPERT REVIEW OF VACCINES 641

The variability of the considered outcomes also increased over
the past few years. One of the possible reasons for this expansion is
an increased availability of and interest in real-world data derived
from large electronic health and medical claims records. It appears
that most available real-world evidence studies have been con-
ducted or committed by industry, and their SIV VE estimates are
mostly based on less specific non-laboratory-confirmed outcomes
[18,26]. Indeed, both public [27] and private [28] registries usually
lack access to virological case confirmation data. Considering
a continuously evolving SIV market, it is likely that VE studies
based on real-world data with no LCI data will increase. Our results
may therefore guide decisions on the selection of the most rele-
vant primary and secondary outcomes in future SIV VE studies and
help assessors to weigh VE estimates with respect to the different
outcomes.

We then showed that the variety of outcomes used is also
explained by population target groups. There was a general
tendency to consider more severe outcomes with increasing
age and the presence of co-morbidities. Furthermore, in the
latter target group, there was also a wide interest in investi-
gating the effect of influenza infection on outcomes related to
the underlying health condition.

According to the World Health Organization (WHO) [3], for the
purpose of assessing SIV VE, outcomes may be dichotomized
according to two major attributes, namely specificity for influenza
virus infection (being LCI the most specific outcome) and disease
severity (ranging from ambulatory visits for mild disease to fatal
cases). Our Delphi study showed that more severe outcomes had
on average higher scores and often independently from laboratory
confirmation. For instance, influenza-related mortality with no
explicit virological diagnosis was the top-ranked endpoint in chil-
dren, older adults, and subjects with co-morbidities. On the other
hand, the outcome ‘any LCl," which is usually used in RCTs for
measuring SIV efficacy, ranked high in all target groups except
children. Braunfeld et al. [29] have reported that the majority of
pediatric SIV RCTs focused on capturing any influenza illness, while
only a few included other clinically relevant outcomes, such as
hospitalization for LCl, all-cause hospitalization, LCl with ICU admis-
sion, or serious extra-pulmonary complications [29]. It is note-
worthy that disease severity may have a significant effect on SIV
efficacy even in RCTs. For example, in a pediatric RCT [30] the per-
protocol efficacy of a quadrivalent SIV was 55.4% and 73.1%
against any LClI and moderate-to-severe (fever >39°C, otitis
media, LRTD, or serious extrapulmonary complications) LCl,
respectively, with a 32% relative difference. Analogously, a six-
season observational study by Godoy et al. [31] has demonstrated
that SIV reduced the severity of disease even in cases where it did
not prevent infection per se. In this regard, the WHO has called [32]
for a larger adoption of standardized, and ideally validated, severe
influenza-related illness outcomes (e.g. SARI). Indeed, SIV VE
against severe illness is expected to be of higher public health
value and to have a greater impact on policy-making and the
findings of our study are aligned with that. Conversely, VE against
non-severe LCl can be more relevant for target groups and set-
tings, in which the herd protection is important (e.g. healthcare
workers) [32].

Outpatient syndromic-based outcomes like ILI and ARI
received comparatively low rankings in all target groups.
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Apart from being non-severe endpoints, other reasons may
have contributed to this finding. First, while these syndromes
are frequently used as triggers for specimen collection in both
RCTs [29] and observational studies [33], their operational
definitions and associated predictive values vary [34].
Second, ILI/ARI may be caused by tens of different viruses
and bacteria and the underlying etiology changes from season
to season [35]. The recent availability of COVID-19 and respira-
tory syncytial virus vaccines [36] (both infections share several
sighs and symptoms with influenza) may have further down-
graded the value of syndrome-based outcomes.

In our Delphi study, several outcomes were judged to be
critically important, and their median ranks were very close.
Inclusion of different outcomes in a VE study may therefore
provide more insights into a spectrum of SIV benefits and
possibly satisfy different expectations of different stake-
holders. Indeed, the WHO guidelines have also underlined [3]
that the selection of a single outcome (e.g. pneumonia) may
underestimate the overall SIV benefits since other important
outcomes that influenza vaccine may prevent (e.g. exacerba-
tion of preexisting diseases and cardiovascular disease) are
overlooked. Furthermore, the importance of outcomes could
also depend on the considered stakeholder: researchers and
medical doctors may have different preferences as compared
to decision-makers and regulators, while patients may still
prefer other outcomes. Also, even within the same group of
stakeholders, including medical doctors, different preferences
may emerge. Indeed, our work was aimed at capturing med-
ical doctors’ perspectives. This is a crucial starting point con-
sidering that any health intervention needs to be first effective
and safe before being considered for use in the whole popula-
tion and that medical doctors are those entrusted to vaccinate
people. Nevertheless, it is important to point out that it is also
crucial to collate different stakeholders’ perspectives to more
comprehensively support the decision-making [37].

This study may suffer from some limitations. First, we must
acknowledge that some potentially relevant outcomes may have
been omitted. On the other hand, no additional outcomes have
been suggested by the panelists. Nevertheless, we believe that
any potential missed relevant outcome would be only
a subcategory of already included ones (e.g. outcomes with
a slightly different operational definition) and therefore would
have the same or very close rank. Indeed, the inclusion of all
available outcome definitions was unrealistic for the Delphi pro-
cess. Second, we noted some ceiling effect, in which panelists
tended to attribute higher ranks to all outcomes. For the same
reason, none of the proposed outcomes was deemed ‘not impor-
tant.” A similar effect has been reported in a study, in which Delphi
panelists were randomized to rate outcomes on either a 3-point or
a 9-point Likert scale [23]. Compared with the 3-point scale, the
use of the 9-point scale resulted in twice as many outcomes being
rated as ‘critically important.” Third, our Delphi process involved
only ltalian experts, and therefore its results may not be fully
transferable to other realities. For instance, in regions with a high
usage of laboratory confirmation (e.g. a large use of point-of-care
testing in primary care), LCl-related outcomes could have a higher
importance. Finally, our panelists were chosen among experts
with a medical background, therefore our work does not grasp
all the stakeholders’ perspectives. In order to be considered as

‘core outcome set’ (COS) according to the Core Outcome
Measures in Effectiveness Trials Initiative (COMET) [38] outcomes
should also be scored by other groups of stakeholders, namely
patients and carers. Nevertheless, it should be considered that the
inclusion of patients and carers would be rather challenging in
terms of the credibility and utility of COS, because of the specific
characteristics of the disease and the intervention, i.e. vaccination.

5. Conclusion

In conclusion, over the last decade studies investigating the
absolute and relative SIV VE used numerous outcomes that
differ significantly in terms of their predictive ability. Owing to
both an increasing interest in real-world evidence and large
underutilization of laboratory confirmation, the use of less
specific outcomes in VE research will likely increase. The abun-
dance of different outcomes, however, may generate contrast-
ing results and therefore confound decision-making. This
Delphi study ranked the outcomes used in SIV VE studies
and showed that the Italian medical community attaches
greater importance to more severe influenza-related out-
comes, independently of the fact whether they are laboratory-
confirmed or not. Our results may constitute the ground for
the future establishment of a core outcome set to be recom-
mended for inclusion in protocols of SIV VE studies, which
would allow for more direct between-study comparisons.
Finally, our findings could be useful to support the decision-
making process leading to influenza  vaccination
recommendations.
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