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Introduction: Development of Robust and Innovative Vaccine Effectiveness
(DRIVE) was a European public—private partnership (PPP) that aimed to provide
annual, brand-specific estimates of influenza vaccine effectiveness (IVE) for
regulatory and public health purposes. DRIVE was launched in 2017 under the
umbrella of the Innovative Medicines Initiative (IMI) and conducted IVE studies
from its pilot season in 2017-2018 to its final season in 2021-2022.

Methods: In 2021-2022, DRIVE conducted four primary care-based test-negative
design (TND) studies (Austria, Italy, Iceland, and England; involving >1,000 general
practitioners), nine hospital-based TND studies (France, Iceland, Italy, Romania,
and Spain, for a total of 21 hospitals), and one population-based cohort study
in Finland. In the TND studies, patients with influenza-like illness (primary care)
or severe acute respiratory infection (hospital) were enrolled, and laboratory
tested for influenza using RT-PCR. Study contributor-specific IVE was calculated
using logistic regression, adjusting for age, sex, and calendar time, and pooled
by meta-analysis.

Results: In 2021-2022, pooled confounder-adjusted influenza vaccine
effectiveness (IVE) estimates against laboratory-confirmed influenza (LCl)
overall and per type and subtype/lineage was produced, albeit with wide
confidence intervals (Cl). The limited circulation of influenza in Europe
did not allow the network to reach the optimal sample size to produce
precise IVE estimates for all the brands included. The most significant IVE
estimates were 76% (95% Cl| 23%—93%) for any vaccine and 81% (22%—95%)
for Vaxigrip Tetra in adults >65 years old and 64% (25%—83%) for Fluenz
Tetra in children (TND primary care setting), 85% (12%—97%) for any
vaccine in adults 18-64 years (TND hospital setting), and 38% (1%—62%)
in children 6 months—6 years (population-based cohort, mixed setting).
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Discussion: Over five seasons, DRIVE collected data on >35,000 patients,
more than 60 variables, and 13 influenza vaccines. DRIVE demonstrated that
estimating brand-specific IVE across Europe is possible, but achieving sufficient
sample size to obtain precise estimates for all relevant stratifications remains a
challenge. Finally, DRIVE's network of study contributors and lessons learned have
greatly contributed to the development of the COVID-19 vaccine effectiveness
platform COVIDRIVE.

KEYWORDS

vaccine effectiveness, influenza, influenza vaccines, test-negative design, post
authorization, real-world evidence, Europe

Introduction

According to the European Center for Disease Prevention and
Control (ECDC), seasonal influenza affects 4-50 million European
citizens each year and is associated with 15,000-70,000 deaths
annually, exerting a significant health and economic burden (1).
Along with good hygiene, vaccination is considered the best
action to protect against influenza; however, vaccine performance
varies between influenza seasons. This performance is affected by
multiple factors, such as the vaccine technology platform used, the
match between the circulating and vaccine virus strains, and/or
an individual’s immune response. The above findings highlight the
need for vaccine type, influenza strain, age-stratified analyses, and
season-specific estimates of influenza vaccine effectiveness (IVE).

The Development of Robust and Innovative Vaccine
Effectiveness (DRIVE) project is a public-private partnership
that was conceived in 2017 as a proof of concept for the annual
estimation of brand-specific IVE in Europe (2). DRIVE was
a 5-year Innovative Medicines Initiative (IMI) project, equally
funded by the European Commission and the European Federation
of Pharmaceutical Industries and Associations (EFPIA). It was
initiated in response to changes in the European Medicines
Agency’s (EMA) post-licensing requirements for influenza vaccines
in Europe, which now stipulate the need for manufacturers
to provide post-licensing brand-approval IVE estimates for
their products.

For the dual goal of addressing regulatory requirements and
generating brand-specific IVE data for public health purposes,
a multi-stakeholder public-private partnership of 16 partners
from public health institutes, academia, small and medium-
sized enterprises, and vaccine companies was established (2). The
consortium managed to create a unique, large, and efficient study
platform (Figure 1), as a large and geographically diverse network
is required to obtain a sufficient sample size and to cover all vaccine
brands in Europe.

In DRIVE, independently operating study contributors
collected data and followed DRIVE core protocols for TND or
population-based cohort studies (generic protocols are available
on the DRIVE website at the URL: https://www.drive-eu.org/
index.php/results/deliverables/), and a statistical analysis plan was
defined upfront. Data from multiple study contributors enabled to
increase in the sample size, geographic coverage, and the number
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of influenza vaccine brands included. Study contributors uploaded
data and site-specific VE estimates were centrally calculated
and subsequently pooled by meta-analysis. VE estimates were
confounder-adjusted and stratified by age, setting, and influenza
type/strain. In order to mitigate the risks of potential conflicts
of interest by vaccine companies, study conduct, IVE analysis,
and interpretation were conducted by public partners in the
consortium and independent scientific oversight was ensured by
the Independent Scientific Committee.

DRIVE has conducted IVE studies for five consecutive years:
from its pilot season in 2017-2018 to the final season in 2021-
2022. This manuscript presents the IVE results of the DRIVE study
for the 2021-2022 season and an overview of the evolution of the
DRIVE studies during its existence.

Materials and methods

Study design

TND studies

In the 2021-2022 season, TND studies were conducted in
primary care (four networks, covering over 1,000 GPs) and hospital
settings (five individual hospitals and four hospital networks, with
a total of 21 hospitals) from seven European countries (Table 1,
Figure 1). Swabs were collected from subjects presenting with
influenza-like illness [ILI, European Center for Disease Prevention
and Control (ECDC) case definition (3)] in the primary care setting
and with a severe acute respiratory infection [SARI, I-MOVE+
2017-2018 case definition (4)] in the hospital setting (except for the
FISABIO hospital network and Iceland’s hospital and GP network,
where an alternative case definition was used—see Table 1). The
swabs were tested for influenza using RT-PCR; influenza subtyping
was performed for positive influenza samples. The samples were
also routinely tested for SARS-CoV-2 using RT-PCR.

Population-based cohort study

One population-based cohort study was conducted by
the Finnish Institute for Health and Welfare (THL) in
Finland by linking data from five national registers through
personal identifiers.
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FIGURE 1
design (TND) studies and a population-based cohort study in Finland.
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Study period

For TND studies, the start of the study period for IVE analyses
for the DRIVE studies was defined as the first week of two
consecutive weeks when influenza viruses were detected at the
study contributor level (based on the data provided to DRIVE),
and the end as the week prior to the first of two consecutive weeks
when no influenza viruses were detected at the study contributor
level (based on the data provided to DRIVE) or 30 April 2022,
whichever occurred first. In the population-based cohort study,
the study period was defined a priori from 4 October 2021 to 30
April 2022.

In 2021-2022, a bimodal influenza season was observed,
with different influenza peaks: a smaller one in December 2021-
January 2022 and a larger one in March-April 2022. As a
consequence, three scenarios with respect to the study period
for analysis were observed: (i) the first peak did not lead to
enough cases to trigger the study start definition but only the
second peak did (e.g., Italy CIRI-IT BIVE); (ii) the first peak
triggered the study start definition and the occasional influenza
cases observed between the first and the second peaks ensured
that the study end definition was not triggered before the second
peak (e.g., FISABIO); and (iii) there was a very minor first peak

Frontiersin Public Health 03

that triggered the study start definition with no cases until the
second wave started; in this case, only the second wave was
considered (e.g., NIID).

Study population

For the TND studies, the study population consisted of
non-institutionalized subjects >6 months of age with no
contraindication for influenza vaccination, no prior positive
influenza test in the same season, and a swab taken <8 days after
ILI/SARI onset. In hospital settings, subjects hospitalized <48h
prior to symptom onset or with symptom onset >48 h after hospital
admission were excluded. For each subject, data on covariates
(at least age, sex, and date of symptom onset), vaccination status,
and vaccine brands for vaccinated subjects were collected. Cases
and controls were considered fully vaccinated if they had received
seasonal influenza vaccination >14 days before the start of the
ILI/SARI episode.

For the population-based cohort, the study population
consisted of all registered Finnish residents aged 6 months—6 years
and 65-100 years. The case definition was laboratory-confirmed
influenza, as registered in the National Infectious Diseases Register.
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TABLE 1 Study contributors participating in the TND studies, 2021-2022 season.

Country Study contributor name Number of primary care physicians or Population
hospitals where subjects with ILI/SARI* covered
were identified
Primary care
Austria Medical University Vienna (MUV) 250 6 months—17 years;
18-64 years;
>65 years
Iceland Directorate of Health (EL GP) Ca. 200** 6 months—17 years;
18-64 years;
>65 years
Ttaly Istituto Superiore di Sanita (ISS) Ca. 245 6 months—17 years;
18-64 years;
>65 years
England*** Royal College of General Practitioners (RCGP) 450 6 months—17 years;
Research and Surveillance Center (RSC) & University 18-64 years;
of Oxford >65 years
Hospital
France Innovative Clinical Research Network in Vaccinology 5 18-64 years;
(I-REIVAC) >65 years
Iceland Directorate of Health (EL-HOSP). Landspitali 1% 6 months—17 years;
University Hospital 18-64 years;
>65 years
Ttaly Italian Hospital Network coordinated by Centro 5 18-64 years;
Interuniversitario di Ricerca sull'Influenza e le altre >65 years
Infezioni Trasmissibili Italy (CIRI-IT BIVE)
Romania National Institute for Infectious Disease “Prof. Dr. 1 18-64 years;
Matei Balg” (NIID), Bucharest >65 years
Spain Fundacién para el Fomento de la Investigacion 4 6 months—17 years;
Sanitaria y Biomédica de la Comunitat Valenciana 18-64 years;
(FISABIO) >65 years
Spain Hospital Universitario Germans Trias i Pujol 1 18-64 years;
(GTPUH), Badalona >65 years
Spain Hospital Universitario La Paz (LPUH), Madrid 1 18-64 years;
>65 years
Spain Hospital Universitario de Salamanca (SUH), Salamanca 1 18-64 years;
>65 years
Spain Hospital Universitari Vall ’Hebron (HUVH), 2 18-64 years;
Barcelona and Hospital Universitari de Girona Doctor >65 years
Josep Trueta (HUJT), Girona

*Alternative case definitions were used for Spain FISABIO and Iceland EL GP/EL HOSP. FISABIO: Case definition children <5 years: hospitalization for any acute respiratory reason with
symptom onset (of any symptom possibly related to influenza: acute upper and lower respiratory disease; dyspnea, breath anomalies, shortness of breath, tachypnea; asthma; pneumonia and
influenza; fever or fever of unknown or non-specified origin; cough; apnea; COVID-19 or suspected COVID-19) in the 7 days prior to admission. Case definition >5 years: modified SARI case
definition where only symptoms before admission are considered, “deterioration of general condition” is not considered, and symptoms could not have started more than 7 days before the date

of admission instead of the date of sampling. Iceland: presenting with respiratory tract infection (not further defined).

** All samples sent to the national reference laboratory.

**RCGP-RSC data were not included in the analysis as no influenza cases were confirmed for the 2021-2022 season.

ILI, influenza-like illness; SARI, severe acute respiratory infection.

Using the Care Register for Health Care, it was possible to identify
laboratory-confirmed influenza cases who were inpatients for any
reason on the day of laboratory confirmation.

Statistical methods

Study contributor-specific IVE and 95% confidence intervals
(CIs) for TND studies were calculated using logistic regression as
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IVE = (1 - OR) x 100%, where OR is the odds ratio comparing the
odds of influenza among vaccinated and unvaccinated subjects. As
supported by an exploratory analysis of the 2018-2019 and 2019-
2020 DRIVE datasets, a parsimonious confounder adjustment was
performed, which included sex, a smooth function of age, and
a smooth function of the calendar week or date of symptom
onset (5).

Study contributor-specific IVE estimates from the TND
studies were pooled through a random-effects meta-analysis,
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assumes
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treatment effect in each study site (e.g., due to differences
in population, healthcare utilization, circulating influenza
strains) in addition to sampling variability (6, 7). Study
contributor-specific IVE estimates that were both outlying
(studentized deleted residuals |r| >2.5) and influential
(standardized |DFBETAs| >2/./n) were excluded from the
pooled analysis; a sensitivity analysis including these estimates

was conducted.

In the present study, we focused our attention
on significant IVE estimates and those with a CI
width <40% (if any), although for the sake of
transparency, the rest of the IVE estimates can be
consulted in the DRIVE 2021-2022 results report and
the WebAnnex.

For the population-based cohort study, contributor-

specific semi-crude estimates (adjusted only for calendar

time) and confounder-adjusted estimates (adjusted as
in the TND studies) were obtained. IVE and 95%
CIs were estimated using Poisson regression. IVE was

calculated as IVE = (1 - IRR) x 100%, where IRR is the
incidence rate ratio comparing the incidence of influenza
in vaccinated subjects to the incidence of influenza in
unvaccinated subjects.

Ethical considerations

Each local study was approved by national, regional, or
institutional ethics committees, as appropriate. All the studies
were approved without the need for protocol revision; therefore,
ethics committee approval was given in due time for the
start of the DRIVE study. Written informed consent was
obtained in two-thirds of the participating study sites; in
the remaining one-third of study sites (ie, THL, MUYV,
GTPUH, EL, HVUH), informed consent was not needed, as the
DRIVE study was nested within the national/regional influenza
surveillance systems.

Results

Influenza vaccines in the 2021-2022
season

A total of 12 influenza vaccines were licensed and marketed
in the EU/European Economic Area (EEA)/UK for the season
2021-2022, and eight of these vaccines were captured in the
DRIVE dataset. Details on vaccine characteristics, the approved
age indication, and, for each age group, the countries that
reported the vaccine brand in the 2021-2022 studies are listed in
Table 2.

The recommended composition of influenza vaccines in the
Northern Hemisphere for the 2021-2022 season can be consulted
at the World Health Organization website (8).
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Influenza epidemiology in the 2021-2022
season

The circulation of influenza was relatively low, and co-
circulation of influenza and SARS-CoV-2 was observed. In most of
the participating countries, the influenza season initially overlapped
with the SARS-CoV-2 Omicron wave (from November 2021 to
February 2022) and presented two peaks of higher activity: the first
one in December 2021-January 2022 (peaking in week 52/2021)
and a higher and unusually late peak in March-April 2022 (peaking
between weeks 10 and 15 of 2022), which declined until May 2022
(9, 10).

Within the 2021-2022 DRIVE study, a total of 1,039 influenza
cases were included in the analysis for the TND studies and 331
in the population-based cohort study. The number of influenza A
cases exceeded the number of influenza B cases at all sites. Among
influenza A cases with a known subtype, the most frequently
identified subtype was A(H3N2) at all the participating sites
(ranging from 47 to 100% of the subtyped viruses), in line with
the data reported by the ECDC (9). Influenza B was only detected
in Austria (0.6% of their influenza cases) and Finland (7%). All
B cases included were of B/Victoria lineage, and no cases of
B/Yamagata lineage were identified (11). Supplementary Table 1
describes the distribution of influenza cases by type and subtype
for each study contributor.

The predominant A(H3N2) subclade was 3C.2alb.2a.2, with
a haemagglutinin (HA), with several substitutions that made
it antigenically different from the A(H3N2) Cambodia lineage
(3C.2alb.2a.1) included in the 2021-2022 influenza vaccine.
Therefore, a mismatch between the circulating A(H3N2) influenza
strain and the strain included in that season’s vaccine composition
was observed.

Subject and exposure characteristics for
the 2021-2022 season

TND studies

In total, 1,039 cases and 5,255 controls of all ages were included
in the main analysis of the TND studies, with 411 cases and
2,805 controls retained for analysis in the primary care setting
and 628 cases and 2,450 controls in the hospital setting (Table 3;
see Supplementary Figure 1 for attrition diagrams). The highest
proportion of vaccinated controls was observed in the age group
>65 years (33% in the primary care setting and 56% in the hospital
setting). Subject characteristics by age group, setting, participating
study contributors, and influenza vaccine brand are available in
WebAnnex. The attrition diagrams by setting can be found in
Supplementary Figure 1.

Age-specific brand distribution among vaccinated subjects by
study contributor is shown in Figure 2. The most frequently
reported vaccine brand across all age groups (6 months—17
years, 18-64 years, and >65 years) was Vaxigrip Tetra. In
children from 6 months to 17 years, Vaxigrip Tetra was followed
by Fluenz Tetra; in adult subjects 18-64 and >65 years, the
second most reported vaccines were Influvac Tetra and Fluad,
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TABLE 2 Influenza vaccine characteristics by vaccine brand in the 2021-2022 season—vaccines licensed and marketed in Europe.

Vaccine Manufacturer Valency Type Adjuvant Culture HA Approved Countries (regions) where the vaccine brand
brand antigen age was observed in the DRIVE dataset, by age
content indication group
6 months—17 18-64 years >65 years
years
Afluria Tetra® Segirus 4 I Non-Adj Egg SD >18 years - - -
Chiroflu Segirus 3 I Non-Adj Egg SD >6 months - - -
Efluelda®® Sanofi 4 I Non-Adj Egg HD >60 years n/a AU IT, SP (CT), AU, FR
Fluad® Seqirus 3 I Adj Egg SD >65 years n/a n/a SP(V, M, CL), IT
Fluad Tetra® Seqirus 4 I Adj Egg SD >65 years n/a n/a IT, SP (CT, CL), AU
Fluarix Tetra® GSK 4 I Non-Adj Egg SD >6 months IT, AU IT, AU IT, AU
Flucelvax Tetra® Segirus 4 1 Non-Adj Cell (M) SD >2 years - IT, AU, SP (V) 1T, AU, SP (V)
Fluenz Tetra® AstraZeneca 4 LA Non-Adj Egg SD 2-17 years IT, AU, FI n/a n/a
Influvac Abbott 3 I Non-Adj Egg SD >6 months - - -
Influvac Tetra® Abbott 4 1 Non-Adj Egg SD >6 months AU, SP (V) AU, SP (V, CT), RO, FR AU, SP (V, CT),
ICE, FR
Supemtek® Sanofi 4 R Non-Adj Cell (In) SD >18 years - - -
Vaxigrip Tetra® Sanofi 4 I Non-Adj Egg SD >6 months ICE, IT, AU, FI, RO ICE, IT, AU, ER, RO, SP ICE, IT, AU, FR, SP

(CT, M, CL)

(CT), FI

*Newly available in the EU/EEA/UK in the 2021-2022 season.
PInfluenza vaccines reported in the DRIVE database for the 2021-2022 season.

Adj, adjuvanted; AU, Austria; FI, Finland; FR, France; HD, high dose; I, inactivated; ICE, Iceland; In, insect cells; I'T, Italy; LA, live attenuated; M, mammalian cells; Non-Adj, non-adjuvanted; R, recombinant; RO, Romania; SD, standard dose; SP, Spain (CT, Catalonia;

CL, Castilla y Le6n; M, Madrid; V, Valencia).
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TABLE 3 Number and characteristics of cases and controls, median age, sex, and presence of chronic conditions results retained for analysis by study
setting and age category, TND studies, 2021-2022.

Primary care Hospital
6 months—17 18-64 >65 years 6 months—17 18-64 >65 years
years years years years
Cases [PV (%)] 189 (11) 181 (18) 41 (41) 211 (4) 206 (14) 211 (65)
Controls [PV (%)] 1,106 (16) 1,448 (13) 251 (33) 589 (6) 677 (22) 1,184 (56)
Age [mean (SD)] 6.57 (5.22) 39.18 (12.81) 76.03 (8.32) 4.42 (4.65) 45.49 (13.94) 79.34 (8.51)
Sex
Female [1 (%)] 610 (47.1) 934 (57.3) 172 (58.9) 369 (46.1) 443 (50.2) 626 (44.9)
Presence of chronic conditions
At least one [11 (%)] 82(6.3) 379 (23.3) 165 (56.5) 86 (10.8) 394 (44.6) 1,002 (71.8)
Not available [ (%)] 106 (8.2) 281(17.2) 67 (22.9) 598 (74.8) 280 (31.7) 328 (23.5)

Hosp, hospital; n, number; PC, primary care; PV, proportion vaccinated.

respectively. The majority of reported vaccine types among
vaccinated subjects were as follows: inactivated quadrivalent egg-
based and live-attenuated trivalent in children (54 and 46%,
respectively); inactivated quadrivalent egg-based in adults 18-
64 years (90%); adjuvanted inactivated trivalent or quadrivalent
vaccines (51%); and quadrivalent egg-based vaccine (43% in adults
>65 years; Figure 2). The brands that were not identified were
Afluria Tetra (Seqirus), Chiroflu (Segirus), Influvac (Abbott), and
Supemtek (Sanofi).

The percentage of cases and controls with a positive SARS-
CoV-2 test (among those tested for SARS-CoV-2) is shown in
Supplementary Table 2. The proportion of subjects with a SARS-
CoV-2 infection was highest among adults 18-64 years (39% in the
primary care setting and 20% in the hospital setting) and those aged
>65 years (46 and 19%, respectively). A total of 29 coinfections of
influenza and SARS-CoV-2 were identified.

Population-based cohort study

In the population-based cohort, 169,823 person-years were
available for analysis in the age group 6 months—6 years and
666,799 person-years in the age group >65 years. In Finland, during
the 2021-2022 season, children were vaccinated with either Fluenz
Tetra (recommended for children from 2 to 6 years) or Vaxigrip
Tetra (recommended for children from 6 months to 6 years),
while older adults were vaccinated with Vaxigrip Tetra (Table 4).
The distribution of key covariates among exposed and unexposed
individuals is shown in Supplementary Figure 2.

Overall and brand-specific IVE pooled
confounder-adjusted estimates for the
2021-2022 season

TND studies

The pooled confounder-adjusted IVE estimates for each
vaccine, stratified by age group and healthcare setting, are provided
in Figure 3. All estimates had wide CIs. Significant IVE estimates
were obtained in the primary care setting for any influenza vaccine
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among those aged >65 years [VE 76% (95% CI 23-93) for those
aged >65 years, against any influenza and type A and subtype
A(H3N2)] and in the hospital setting for any influenza vaccine
among adults aged 18-64 years [(VE 85% [95% CI 12-97]) against
any influenza and influenza A type].

Brand-specific vaccine effectiveness estimates against any
influenza are shown in Supplementary Table 3. Brand-specific
estimates were available for at least one age/setting stratum for
Efluelda, Fluad, Fluad Tetra, Fluarix Tetra, Flucelvax Tetra, Fluenz
Tetra, Influvac Tetra, and Vaxigrip Tetra. However, due to the
low sample size for most brands and strata, the majority of
brand-specific estimates had very wide CIs. Significant brand-
specific IVE estimates were obtained in older adults in the
primary care setting, with VE for Vaxigrip Tetra against influenza
of 81% (95% CI 22-95) and in children in the primary care
setting, with VE for Fluenz Tetra against any influenza of 64%
(95% CI 25-83). All pooled crude estimates, pooled confounder-
adjusted IVE estimates by influenza vaccine brand (stratified by
age group and setting), and adjusted study contributor-specific
estimates can be consulted in the DRIVE 2021-2022 results report
and the WebAnnex.

Several sensitivity analyses were performed and are available
in the DRIVE 2021-2022 results report and the WebAnnex.
For instance, excluding subjects with a time between ILI/SARI
onset and swab >4 days led to decreases in the VE point
estimates against any influenza among children (absolute A
—5%) and adults (A —71%) but did not affect the estimates
obtained among older adults. In the hospital setting, such a
restriction led to increases among children (A +30%) and
older adults (A +55%) and decreases among adults (A —6%).
Additionally, including study contributor-specific
for any vaccine and any influenza that was both outlying and
influential resulted in the pooling of two additional estimates
for children in the primary care setting [the pooled IVE
including these estimates was 48% (95% CI —142 to 89)],
one additional estimate for older adults in the primary care
setting [32% (95% CI —6,008 to 99)], and one additional estimate
for adults in the hospital setting [65% (95% CI —129 to 95)].
Finally, due to the low number of SARS-CoV-2 and influenza

estimates
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FIGURE 2
Number of vaccinated subjects among enrolled subjects and distribution of vaccine brands; TND studies, 2021-2022.

TABLE 4 Number of laboratory-confirmed influenza infections and person-years by vaccination status and vaccine for the population-based cohort
study (Finland), 2021-2022.

Analysis Vaccinated Unvaccinated
Number of Number of Number of Person-
influenza hospitalized hospitalized years
infections influenza influenza influenza
(mixed setting) infections* infections infections™
Any vaccine 6 months—6 29 8 37,508 93 17 132,315
years
>65 years 118 51 304,570 91 41 362,229
Vaxigrip tetra 6 months—6 6 1 8,747 93 17 132,315
years
>65 years 118 51 300,590 91 41 362,229
Fluenz Tetra 2-6 years 22 7 28,508 79 16 109,650

*Infections timely associated with hospitalization.
Py, person-years; unvac, unvaccinated; vac, vaccinated.

coinfections identified (n
no sensitivity analysis
was conducted.

29) across all age groups/settings,

stratified by SARS-CoV-2 status

Population-based cohort study
Overall
IVE estimates against influenza are shown in Table5 and

and brand-specific confounder-adjusted pooled

Supplementary Table 4, respectively. A statistically significant
overall IVE estimate was obtained in the mixed setting for children
6 months to 6 years against laboratory-confirmed influenza A [38%
(95% CI 1-62)]. Furthermore, IVE for Vaxigrip Tetra against any
laboratory-confirmed influenza in older adults was estimated at
15% (95% CI —12% to 36%) and was similar for influenza A and
any influenza in the hospital setting.
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The IVE estimates for influenza B are not displayed as
<10 influenza B cases were reported. However, all crude and
confounder-adjusted IVE estimates by influenza vaccine brand,
stratified by age group and setting, can be consulted in the DRIVE
2021-2022 results report and the WebAnnex.

Discussion
DRIVE 2021-2022 season IVE estimations

A total of 12 influenza vaccine brands were marketed in
the EU/EEA/UK for the 2021-2022 season, eight of which were
included in the DRIVE dataset, highlighting the ability of the
DRIVE study network to cover a representative sample of the
European influenza vaccine market. All except one of the vaccines

frontiersin.org



https://doi.org/10.3389/fpubh.2023.1195409
https://www.drive-eu.org/index.php/results/results-2021-22-season/
https://apps.p-95.com/drivewebapp/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Stuurman et al.

10.3389/fpubh.2023.1195409

TND primary care Subjects Subjects Subjects
6m-17y (vaccinated 18-64y (vaccinated 265y (vaccinated
Influenza strain VE (%) [95% CI] Sites cases) Influenza strain VE (%) [85% CI] Sites cases) Influenza strain VE (%) [95% CI] Sites cases)
Any ——— 53[-550,97] 1 46 (20) Any S o 0[96,49] 3 1629 (32) Any [ 76[23,93] 2 95(17)
A e 53[-550,97) 1 46 (20) A i 0[-96,49] 3 1629 (32) A | == 76[23,93] 2 95(17)
A(H1N1)pdm09 A(H1N1)pdm09 A(H1N1)pdm09 i
A(H3N2) e 53[-550,97) 1 46 (19) A(H3N2) = 0[-101,50] 3 1624 (31) A(H3N2) | 76[23,93) 2 95(17)
B B B
BYamagata BYamagata BYamagata
BVictoria BVictoria BVictoria
+ + ! + + + + + + ; +
-100-50 0 50 100 -100-50 0 50 100 -100-50 0 50 100
Vaccine effectiveness - VE (%) Vaccine effectiveness - VE (%) Vaccine effectiveness - VE (%)
TND hospital Subjects Subjects Subjects
6m-17y (vaccinated 18-64y (vaccinated =65y (vaccinated
strain VE (%) [95% CI] Sites cases) strain VE (%) [95% CI] Sites cases) Influenza strain VE (%) [95% CI] Sites cases)
Any e 11[-459,86] 2 731(8) Any e 85[12,97] 3 341(23) Any ——— -32[-132,24] 8 1391 (137)
A e 11[-459,86] 2 731(8) A —e  85[12,97] 3 341(23) A —— -32[-132,24] 8 1391 (137)
A(H1N1)pdm09 ] A(H1N1)pdm09 A(HIN1)pdmQ@ee——i—  -143[-1675,67] 1 199 (2)
A(H3N2) el 10[-455,85] 2 729(8) A(H3N2) - §8[-55,93] 4 615(23) A(H3N2) e -6[-103,44] 6 1280 (104)
B B B
BYamagata BYamagata BYamagata
BVictoria BVictoria BVictoria
—_— —_— ——t——
-100-50 0 50 100 -100-50 0 50 100 -100-50 0 50 100
Vaccine effectiveness - VE (%) Vaccine effectiveness - VE (%) Vaccine effectiveness - VE (%)
FIGURE 3
Any influenza vaccine: pooled confounder-adjusted (age, sex, and date of symptom onset) influenza vaccine effectiveness against
laboratory-confirmed influenza, overall and by type and subtype/lineage, by setting and age group, 2021-2022—TND studies. For some study
contributors, IVE could not be calculated (e.g., due to a value of 0 in the 2 x 2 table), and/or the estimate was both outlying and influential (and
therefore excluded). Consequently, data from these sites are not included in the pooled estimate, and therefore, the number of subjects in this figure
may be lower than described in Table 3.

TABLE 5 Confounder-adjusted influenza vaccine effectiveness of any
vaccine and by vaccine brand against any influenza and influenza A for
the Finnish population-based cohort, mixed setting, and hospital setting,
2021-2022.

Influenza
AIVE %

Any influenza

IVE % [95% ClI]

is a particular challenge for a network aiming to study brand-
specific IVE.

DRIVE conducted TND
confounder-adjusted influenza vaccine effectiveness estimates

studies to produce pooled,

against LCI overall and per type and subtype/lineage, by setting

[95% Cl] and age group. The most significant overall and brand-specific IVE

. . estimates showed a protective effect and were obtained among
Mixed setting . . . . .

older adults in the primary care setting and adults in the hospital

6 months—6 years setting for any influenza and influenza A types. Despite CDC’s

Any vaccine ‘ 23 [—17, 50] ‘ 3811, 62] recommendation to not report VE estimates if the CI exceeds

55 e 50% in order to avoid reporting uninterpretable estimates (13),

DRIVE partners decided to report the most significant overall and

Any vaccine ‘ 16 [~11, 36] ‘ 14[~14, 35] brand-specific VE estimates even though their CI exceeded 50%.

Hospital setting The less significant VE estimates are also available in the DRIVE

6 months—6 years 2021-2022 results report and the WebAnnex for full transparency

of the analysis performed.

Any vaccine ‘ —141-169,52] ‘ - The population-based cohort study in Finland generated IVE

=65 years estimates for the two influenza vaccine brands used in Finland

Any vaccine ‘ 17 [—26, 45] ‘ _ and overall IVE. Due to the small number of influenza cases in

observed were quadrivalent, reflecting the transition from trivalent
to quadrivalent vaccines. The two most frequently observed vaccine
brands per age group were the same as for the 2020-2021 season
(12). The brands that were not identified were Afluria Tetra
(Seqirus), Chiroflu (Seqirus), Influvac (Abbott), and Supemtek
(Sanofi; Table 2). Afluria Tetra was only distributed in Germany,
a country not included in DRIVE, and Supemtek was only available
in the UK, where only a very limited number of subjects were
enrolled. Chiroflu and Influvac are both trivalent vaccines that
are being phased out. The inclusion of study contributors that
together capture a sufficiently diverse range of vaccine availability
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Finland, all IVE estimates presented a wide CI and, therefore,
were not informative. Interestingly, the two different settings,
the hospital setting and the mixed primary care and hospital
setting yielded similar results, which is in line with a review by
Fengetal. (14).

Findings from other European IVE studies in
2021-2022

To the best of our knowledge, DRIVE is the only multi-
country IVE study in Europe that generates brand-specific IVE.
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Nevertheless, several studies focusing on overall IVE estimates for
the 2021-2022 season were identified.

From 2007-2008 until 2021-2022, the I-MOVE (Influenza
Monitoring Vaccine Effectiveness in Europe) consortium (15, 16)
has conducted, in collaboration with the ECDC, annual studies to
evaluate the effectiveness and impact of the influenza vaccines in
Europe. The primary care-based I-MOVE study produced overall
IVE estimates from 10 primary care study sites between October
2021 and mid-May 2022 (17). I-MOVE estimates among adults
>65 years were 26% (95% CI —22 to 55) against influenza A(H3N2)
and 23% (95% CI —21 to 51) against any influenza A, whereas,
for DRIVE, the IVE estimate at the primary care setting for
>65 years was 76% (95% CI 23-93) against any influenza A and
A(H3N2). While the point estimates obtained from DRIVE and
I-MOVE were different, the 95% of ClIs overlapped, preventing
meaningful comparisons.

Moreover, in children aged 2-6 years in Denmark, VE was
estimated at 64.2% (95% CI 50.5-74.1) against non-hospitalized
influenza A and 63% (95% CI 10.9-84.4) against hospitalized
influenza A; 92% of vaccinated children had received the live-
attenuated influenza vaccine (LAIV) (18). In the UK, the VE of
LAIV against influenza requiring an emergency department visit
was 72% (95% CI 50-85) (19). In DRIVE, the point estimates
for LAIV were 63% (95% CI 23-82) against influenza A in the
TND primary care studies and 40% (95% CI —2.9 to 64.5) against
any influenza in any setting among children 2-6 years in the
Finnish population-based cohort study. Significant comparisons
across these studies are hindered due to variations in study design,
the outcomes examined, and the overlap in the 95% CIs of the
point estimates.

Finally, VE against all-age outpatient influenza was estimated
at 50% (95% CI 14-71) for any influenza and 31% (95% CI —29
to 64) for A(H3N2) in France (20); and VE against laboratory-
confirmed influenza was estimated at 47% (CI not reported) for
adults >65 years in Sweden (mixed inpatient and outpatient
setting) (21), which is higher than the point estimates for this age
group in DRIVE.

The discrepancies between the DRIVE estimates and those
obtained from different studies may be partially explained
by the differences among the participating countries in each
study (different vaccine recommendations and virus circulation
per country) and study settings. In addition, most of the
abovementioned VE estimates had large Cls, so comparison across
studies is complex. These caveats underline the necessity of
collaboration between VE platforms and the harmonization of the
methods used for larger and more representative European studies.

Limitations

The sample size required for brand-specific IVE studies is
large, due to the numerous vaccine brands and the multiple
stratifications required. Given the limitations in sample size,
overall and brand-specific estimates produced by DRIVE had wide
confidence intervals, limiting their potential to be informative. In
addition, the COVID-19 pandemic led to reduced influenza virus
circulation, a shift in interest, and an overload of staff dedicated
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to the studies. Furthermore, the inability of potential collaborators
to collect information on influenza vaccine brands, the presence
of other overlapping VE networks, and the hesitancy toward the
public—private governance model perceived in certain sectors of
public health institutions were also limiting factors.

Other than the sample size, multiple factors affect the precision
of the estimates, such as vaccination coverage and influenza attack
rate, but also the true IVE, test sensitivity and specificity, statistical
methods, and the heterogeneity of study contributor-specific IVE
estimates. Given the width of the CIs of the majority of the IVE
estimates generated in the 2021-2022 season, these should be
interpreted with caution.

The availability of information on the presence of chronic
conditions was limited for most of the (vaccinated) subjects and did
not allow a solid assessment of the impact of additional adjustment
for this variable. However, in an exploratory analysis of previous
DRIVE data, additionally adjusting for the presence of at least
one chronic condition did not have an important impact on VE
estimates (5). Furthermore, given the low number of coinfections
with SARS-CoV-2 (n = 29), no sensitivity analysis stratified by
SARS-CoV-2 status was conducted.

In addition, VE may change during the influenza season due to
waning immunity, but we could not study this in DRIVE due to the
limited sample size.

Due to the observational nature of the studies, selection bias
cannot be ruled out. In TND studies, the relationship between
influenza vaccination and testing positive for influenza among
those who are tested is studied. The use of a TND, therefore, reduces
confounding due to healthcare-seeking behavior but introduces
selection bias and may reduce the generalizability to the general
population (22).

Healthcare-seeking behavior has changed during the COVID-
19 pandemic, through different periods of the pandemic, and the
changes are probably not uniform across countries. Therefore,
it is not clear how this affects the TND and the subsequent
IVE estimates. Finally, residual confounding may be present
due to measurement errors in the confounders and other
unmeasured confounders.

Evolution of DRIVE studies through a
multi-stakeholder platform (2017-2022)

DRIVE started with a pilot season (2017-2018) to establish
the multi-country platform for TND and cohort studies using a
limited number of sites (Table 6). The initial study contributors
participated with data collected using their own protocols (23). As
of 2018-2019, generic protocols were implemented by all sites and,
along with the statistical analysis plan, were iteratively improved
each season. An IT platform where study contributors could
perform data quality checks and upload their anonymized dataset
to a secure environment and where data were centrally analyzed
was developed. The size of the study network increased from five
sites in four countries in 2017/2018 to 13 sites in eight countries
in 2021-2022. As of 2018-2019 (24), the network was sufficiently
geographically diverse to capture the majority of influenza vaccine
brands marketed in Europe (Table 6). From the 2018/2019 season
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TABLE 6 Evolution of DRIVE studies from 2017-2018 to 2021-2022 influenza seasons.

Influenza
season

2017-2018

2018-2019

10.3389/fpubh.2023.1195409

2021-2022

(cohort Finland)

(cohort Finland)

Characteristics High Moderate influenza Moderate influenza No influenza Very low influenza
influenza circulation | circulation circulation—study capped by circulation—COVID-19 circulation—late influenza
COVID-19 emergence pandemic epidemic peak (March-April
2022)
Omicron
COVID-19 pandemic
Study network 5 study contributors | 10 study 14 study contributors 14 study contributors 13 study contributors
contributors 8 countries 8 countries 8 countries
4 countries 7 countries 388 GP +500 GP +1,000 GP
+950 GP 377 GP 19 hospitals 25 hospitals 21 hospitals
4 hospitals 12 hospitals
Number of subjects 5,475 (TND) 9,351 (TND) 9,077 (TND) 7,025 (TND) 6,315 (TND)
288,655 py 768,414 py 511,854 py cohort Finland 857,095 py cohort Finland 836,622 py for cohort Finland
cohort Finland cohort Finland
Number of LCI 2,844 (TND) 3,339 (TND) 3,500 (TND) 4 (TND) 1,039 (TND)
13,300 6,379 >2,400 (cohort Finland) 25 (cohort Finland) 331 (cohort Finland)

Did not reach threshold to
trigger IVE estimation

8/12

Brand-specific IVE 4/11 7/10 8/11

estimates (brands 4 precise* brand-specific
captured/brands IVE estimates

marketed in

EU/EEA/UK)

GP, general practitioner; py, person-years; LCI, laboratory-confirmed influenza; py: person-years; TND, test-negative design.
*Precise: Brand-specific IVE estimates below the threshold of confidence interval width <40%, arbitrarily agreed upon by DRIVE researchers.

onwards, DRIVE also supported the implementation and assessed
the feasibility of using point-of-care PCR testing (POCT) to
improve sampling numbers from primary care in England (25-27).

As a result of a post hoc analysis based on the 2018-2019 data
(24), and as recommended by Lane et al. (28), a parsimonious set
of confounders was defined to simplify the analysis. This approach
is also supported by a recent exploratory analysis conducted
with DRIVE data (5). The reduced set of confounders was used
in the DRIVE studies from the 2019-2020 season and allowed
the participation of study contributors with limited data on
confounders, in addition to limiting the data discarded due to
missing values and avoiding potential over-adjustment. Suggested
confounding variables for the main analysis included age, sex,
and calendar time, but sensitivity analyses including all potential
confounders available (presence of chronic disease, number of
hospitalizations and GP visits in the past 12 months, pregnancy)
were also performed.

Throughout the existence of DRIVE, attaining a sufficient
sample size to obtain meaningful estimates for brand-specific
estimates, with their relevant strata, has been a challenge. DRIVE
aimed to obtain precise estimates, defined as a CI width of <40%,
although the level of precision required for decision-making by
regulators and public health bodies remains unclear. Precise brand-
specific estimates were obtained for Vaxigrip Tetra, Fluarix Tetra,
and Fluad in the 2019/20 TND studies and for Fluenz Tetra and
Vaxigrip Tetra in 2018-2019 and 2019-2020 in the population-
based cohort (24, 29).

The relatively low influenza circulation, as a consequence of
the non-pharmaceutical interventions implemented to fight the
COVID-19 pandemic and the shift of attention and resources
to COVID-19, largely impacted the 2020-2021 and 2021-2022
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seasons, obstructing DRIVE from generating robust brand-specific
IVE estimates in its last two seasons (30). The DRIVE study
platform was adjusted to the COVID-19 pandemic context, and
the core protocols and SAP were tailored with the support of
the DRIVE partners, study contributors, and the Independent
Scientific Committee. Furthermore, new variables related to SARS-
CoV-2 testing, infection, treatment, and vaccination were collected.

Finally, the DRIVE infrastructure, study network, and
governance model were leveraged to launch COVIDRIVE
in 2021, a public-private partnership that currently brings
together 12 partners and aims to conduct multi-country
studies to monitor COVID-19
vaccine effectiveness (CVE) in real-world conditions (31).
The COVIDRIVE partnership was set up in only 9 months
thanks to the existence of the DRIVE study platform and partner
collaborations. As of February 2023, the COVIDRIVE study is
active in 15 hospitals (Belgium, Austria, Italy, and Spain), which
have enrolled over 7,000 SARI patients and more than 3,000
COVID-19 cases.

European brand-specific

Conclusions

In a season marked by a relatively low influenza circulation
in Europe, DRIVE was able to conduct its final study for brand-
specific IVE evaluation in Europe. DRIVE obtained brand-specific
IVE estimates for eight of the 12 influenza vaccine brands marketed
in the EU/EEA/UK in the 2021-2022 season and generated brand-
specific IVE estimations in a challenging environment. However,
the majority of the IVE estimates had wide CIs and consequently
must be interpreted with caution.
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Through the five seasons (2017-2022), DRIVE demonstrated
the possibilities and remaining challenges of brand-specific IVE
evaluation across Europe, despite the hurdles encountered (mainly
the need for larger sample sizes that were difficult to achieve due
to competing networks and PPP concerns). DRIVE included more
than 35,000 patients to collect data on ~60 variables and cover 13
different influenza vaccines, which conform to the DRIVE database.
These data will be open for additional analysis and secondary use as
part of the open-access framework for research.

The DRIVE project ended under the IMI umbrella in July
2022, and the EMA granted former DRIVE vaccine company
partners a deferral on providing brand-specific IVE data for the
2022-2023 season. Consequently, the DRIVE consortium will not
be conducting any influenza studies in the 2022-2023 season,
although discussions with the EMA are ongoing to further define
the future of DRIVE and IVE monitoring in Europe.
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