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Executive Summary  

Background 

The Development of Robust and Innovative Vaccine Effectiveness (DRIVE) project is a public-private 

partnership aiming to build capacity in Europe for estimating brand-specific influenza vaccine effectiveness 

(IVE). The DRIVE Project, which is funded by the Innovative Medicines Initiative (IMI), was initiated as a 

response to the new guidance on influenza vaccines by the European Medicines Agency (EMA) that came 

into effect in the beginning of 2017. This guidance states that the performance of influenza vaccines should no 

longer be assessed based on serological assays, but should be based on post-authorization effectiveness 

studies.  

 

In DRIVE, data from several independently operating national or regional study sites is analysed jointly to 

increase geographical coverage and sample size for brand-specific IVE estimates. The main objective of the 

2018/19 season was to estimate brand-specific seasonal IVE in Europe by health care setting and age group. 

The DRIVE platform is still expanding, and not all vaccine brands used in Europe are covered during the 

2018/19 season. 

 

Objectives 

The objectives were to estimate seasonal (1) overall, brand-specific and (2) type-specific IVE against 

laboratory-confirmed influenza stratified by setting (primary care, hospital-based) and age group (6m-17y, 18-

64 y, 65+y), by type of outcome: any laboratory-confirmed influenza, influenza A and A subtypes, influenza B 

and B lineages, and by group of subtypes/lineages included in the vaccine brand or vaccine type. 

 

Methods 

TND studies 

TND studies were conducted in primary care (4 networks) and hospital settings (3 individual hospitals and 2 

hospital networks) (Table 1). Swabs were collected from subjects presenting with influenza-like illness (ILI, 

ECDC case definition) in the primary care setting and with severe acute respiratory infection (SARI) (IMOVE+ 

2017/18 case definition) in the hospital setting (except for one hospital network where an alternative case 

definition was used).  Swabs were tested for influenza using RT-PCR (except at one hospital where pediatric 

swabs were tested using antigen detection). Influenza A subtypes were available from all but one primary care 

site. The study population consisted of non-institutionalized subjects Ó6 months of age, with no 

contraindication for influenza vaccination, no prior positive influenza test in the same season, and with a swab 

taken < 8 days after ILI/SARI onset. In hospital settings, subjects hospitalized <48h prior to symptom onset or 

with symptom onset Ó48h after hospital admission were excluded. Vaccine brand was collected for vaccinated 

subjects.  
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Table 1. Primary care and hospital sites where TND studies were conducted, 2018/19 

Country Site name  Source of cases and 

controls 

Primary care 

Austria Medical University Vienna (MUV) Ca. 90 physicians 

Italy Centro Interuniversitario di Ricerca sullôInfluenza e sulle 

altre infezioni trasmissibili  (CIRI-IT) 

21 physicians 

Italy Istituto Superiore di Sanita (ISS) 245 physicians 

England Royal College of General Practitioners Research and 

Surveillance Centre  (RCGP RSC) 

6 practices 

Primary care, included as post-hoc sensitivity analysis 

Luxembourg Laboratoire National de Santé (LNS) 15 physicians 

Hospital 

Italy Italian Hospital Network (BIVE) 5 hospitals 

Spain Fundación para el Fomento de la Investigación Sanitaria 

y Biomédica de la Comunitat Valenciana  (FISABIO) 

4 hospitals 

Finland Helsinki University Central Hospital (HUS) 1 hospital 

Spain Vall dôHebron University Hospital  (HUVH) 1 hospital 

Romania  National Institute for Infectious Diseases ñProf. Dr. Matei 

BalἨò  (NIID) 

1 hospital 

 

Register-based cohort 

One register-based cohort study was conducted at THL Finland, by linking five registers (Population 

Information System, National Vaccination Register, National Infectious Diseases Register, Register of Primary 

Health Care Visits, Care Register for Health Care) through person identifiers.  The study population consisted 

of all registered Finnish residents aged 6m-6y and 65-100y. The case definition was laboratory-confirmed 

influenza, as registered in the National Infectious Diseases Register. Laboratory testing was done using RT-

PCR or antigen detection. Persons with presumably incomplete vaccination register in 2018/19 or 2017/18 

were excluded. 

 

Data flow and statistical methods 

Data collected at the study sites was transferred to the DRIVE Research Server where it was analysed 

centrally by P95.  

 

TND studies  

Individual-level data was available for analysis. Only subjects presenting during the locally-defined influenza 

season were retained for analysis. The start of the season was locally defined as the first week of two 

consecutive weeks when influenza viruses were detected at the study site level; the end, as the week prior to 

the first of two consecutive weeks when no influenza viruses were detected at study site level or April 30, 

2019, whichever occurred first. Subjects with missing outcome, missing or unconfirmed vaccination status or 

date, and those recently vaccinated (Ò14 days) were excluded. Site-specific age-stratified (6 months(m) ï 17 

years (y), 18-64y, 65+y) crude and confounder-adjusted odds ratios (OR) and 95% confidence intervals (CI) 
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were estimated using logistic regression and the formula VE = (1 ï OR ) x 100%. A fixed set of confounders 

was considered for each individual site, including sex, a smooth function of age, a smooth function of 

symptom onset date, presence of at least one chronic condition, pregnancy, influenza vaccination in the 

previous season and respectively number of primary care visits or hospitalization in the previous 12 months 

for primary care and hospital studies. For each site, a complete case analysis was performed unless covariate 

information was missing for >10% of the subjects, in which case it was excluded from the model. Pooled VE 

estimates by age and setting were obtained through random-effects meta-analysis of site-specific estimates. 

Robust VE estimates were defined as VE estimates with a CI width of <40%. The statistical analysis plan is 

registered at ENCEPP (EUPAS29817). 

 

Register-based cohort study 

Aggregated data was available for analysis. The study period for analysis was from week 40 2018 to week 17 

2019. Age-stratified (6m-6y, 65+y) crude and confounder-adjusted relative risks (RR) and 95%CI were 

estimated using Poisson regression and the formula VE = (1 ï RR) x 100%. Confounders included sex, a 

smooth function of age, a smooth function of calendar week, presence of at least one chronic condition, 

number of primary care visits (ñ0ò, ñ1 to 5ò and ñ5 or moreò) in the previous 12 months, number of 

hospitalizations  (ñ0ò, ñ1 to 2ò and ñ2 or moreò) in the previous 12 months and influenza vaccination in the 

previous season. 

 

Results 

Influenza vaccines 2018/19 

Ten vaccines were licensed in Europe in 2018/19 and seven brands were identified in the DRIVE dataset 

(Table 2). In the countries of participating sites, medical and occupational risk groups are recommended for 

vaccination, along with the population aged 65+y. Additionally, in the UK there is a universal vaccination 

recommendation for children aged 2-10 y and in Finland for children aged 6m-6y. In Austria, a universal 

influenza recommendation vaccination is in place, nonetheless vaccine coverage is low. In most countries, 

type-specific vaccine recommendations were in place for specific risk groups and age groups. 

 

Table 2. Vaccines identified in the DRIVE pooled dataset, 2018/19 

Vaccine 

brand 

Manufacturer Valency Live-

attenuated 

Adjuvanted Age 

indication 

Agrippal Seqirus Trivalent No No Ó6m 

Influvac Abbott 

Biologicals 

Trivalent No No Ó6m 

Fluarix Tetra GlaxoSmithKli

ne 

Quadrivalent No No Ó6m 

Influvac Tetra Abbott 

Biologicals 

Quadrivalent No No Ó3y 

Vaxigrip 

Tetra 

Sanofi Pasteur Quadrivalent No No Ó6m 

Fluad Seqirus Trivalent No Yes Ó65y 
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Fluenz Tetra AstraZeneca Quadrivalent Yes No Ó2y 

 

Influenza season 2018/19 

The 2018/19 influenza season in Europe was characterized by co-circulation of influenza A/H1N1pmd09 and 

A/H3N2, with little to no circulation of influenza B. Generally A/H1N1 in first part of season, A/H3N2 in second 

part of season. Overall, A/H1N1 and A/H3N2 circulation was approximately equal at Italy ISS (A/H1N1 

50.9%), Spain HUVH (56.4%), Spain FISABIO (56.5%), whereas A/H3N2 was dominant at Finland HUS 

(61.4%) and Italy CIRI (60.3%), and A/H1N1 was dominant at Italy BIVE (65.5%, Romania NIID (67.1%) and 

Austria (68.9%). There was a good match between the vaccine virus and the circulating viruses for A/H1N1 

but not for A/H3N2. The season was milder thanthe 2017/18 season. 

 

Number of subjects 

The number of subjects in the TND studies and the register-based cohort is shown in Table 3.  

 

Table 3. Number of subjects in TND studies and register-based cohort study, 2018/19 

TND 
 
Setting 

6m-17y 
 

18-64y 
 

65+y 

Cases 
(VC) 

Controls 
(VC) 

 
 

Cases 
(VC) 

Controls 
(VC) 

 
 

Cas
es 

(VC
) 

Contro
ls (VC) 

 

PC 934 

(6%) 

1071 

(9%) 

 
 

814 

(8%) 

1222 

(13%) 

 
 

144 

(61

%) 

277 

(63%) 

 

Hosp 512 

(3%) 

1083 

(5%) 

 
 

371 

(14%) 

722 

(20%) 

 
 

559 

(48

%) 

1635 

(61%) 

 

Registe

r-based 

cohort 

 

Setting 

6m-6y 
 

   
 

65+y 

Vac 

(py) 

Unvac 

(py) 

Cases 
 

   
 

Vac 

(py) 

Unvac 

(py) 

Cases 

Mixed 37781 130240 1843 
 

   
 

236

298 

354097 4545 

Hosp: hospital; PC: primary care; Py: person-years; rb cohort: register-based cohort; vac: vaccinated; VC: vaccine 

coverage among subjects in the study; unvac: unvaccinated; y: years 

 

IVE estimates: Pooled TND  

Three robust confounder-adjusted pooled VE estimates for any vaccine exposure were obtained; other 

estimates were non-robust and should be interpreted with caution. In the primary care setting, for the age 

groups 6m-17y, pooled IVE against A/H1N1 was estimated at 70% [95%CI 44-84] (crude) and 77% [95%CI 

53-89] (adjusted). In the hospital setting, for the age group 65+y, pooled IVE against any influenza and 

influenza A was estimated at 29% [95%CI 12-43] (crude) and 27% [95%CI 6-44] (adjusted).  
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Limited amount of data captured per vaccine brand, distributed over appropriate-yet multiple strata (age, 

setting, and type of outcome) resulted in non-robust IVE estimates with wide to very wide CIs. Brand-specific 

IVE estimates in children aged 6m-17y were calculated for 4 brands (4 in primary care setting, 3 in hospital 

setting), 5 brands in adults 18-64y (4 in primary care setting, 4 in hospital setting), and 5 brands in elderly 

aged 65+y (3 in primary care setting, 5 in hospital setting). Similarly, type-specific IVE estimates were 

calculated were non-robust.  

 

IVE estimates: Register-based cohort 

All IVE estimates obtained from the THL register-based cohort were robust. These could not be pooled with 

the TND results because stratification by setting (primary care vs hospital) was not available.  

 

IVE in the age group 6m-6y was estimated at 44% [95%CI 36-51]. In this age group, two vaccine brands were 

used, Fluenz Tetra and Vaxigrip Tetra. IVE for Fluenz Tetra was estimated at 36% [95%CI 24-45] and for 

Vaxigrip Tetra at 54% [95%CI 43-62].  

 

IVE in the age group 65+y was estimated at 30% [95%CI 25-35]. In this age group, only Vaxigrip Tetra was 

used.  

 

Discussion  

From the pooled TND studies, three robust estimates were obtained for any vaccine. No robust brand-specific 

estimates were obtained. This is in part because the influenza season was mild, however, obtaining sufficient 

sample for brand-specific IVE estimates is expected to be challenging also in more intense seasons than this 

year. Even for the primary objective estimating IVE for any vaccine, sample size was insufficient for most 

strata. 

 

Limitations 

The data from the register-based cohort could not be pooled with the TND studies as information on setting 

was not available. For the register-based cohort and the TND study at UK RCGP no subtype/lineage data was 

available. The completeness of the covariates varied. The list of predefined confounders for adjustment meant 

that records missing information for any of these confounders were excluded. A careful trade-off between 

inclusion of possible confounder information and the risk of losing records and having data of sufficient quality 

must be made.  

 

Strengths 

The DRIVE network has expanded from 5 sites in the pilot season to 13 sites in 2018/19. Studies were further 

harmonized, as generic protocols are in use, minimum data requirements defined, and several site visits were 

performed prior to the start of data collection. The DRIVE GDPR-compliant Research Server was expanded to 

include an Electronic Study Support Application (ESSA) where sites were able to upload their data and 

perform automated quality checks. The statistical analysis plan was improved and age- and setting- stratified 

IVE estimates were calculated. Re-usable and quality controlled R-functions were developed, that were pre-
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programmed prior to the receipt of data, and this enabled completion of the data analysis of the TND studies 

and the register-based cohort in a two week time-frame. Data quality reports were centrally produced for each 

site. 

 

 

Conclusion 

The primary objectives were not met in the 2018/19 season due to insufficient sample size per strata, 

particularly at the brand level. Few robust IVE estimates were obtained. Ways to increase sample size should 

be further explored for next season. 

 
 
Recommendations 

The sample size needs to be increased to allow brand-specific IVE estimation while considering also the 

sustainability of the network in the future. The use of secondary data, such as register or other electronic 

healthcare databases, could be a potential sustainable solution to the problem of obtaining sufficient sample 

size and warrants further exploration. Finally, increased data sharing throughout Europe may enable the 

pooling of a larger number of studies.  
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Milestones 

 Date 

Start of surveillance period September 9, 2018 

End of surveillance period May 13, 2019 

Data received May 28, 2019 (last dataset) 

Database freeze June 5, 2019 (last dataset)1 

IVE results available  June 14, 2019 (first draft) 

Report to EFPIA June 28, 2019 (second draft) 

  

                                                      

 

1 RCGP RSC submitted first on May 28th, and later resubmitted the data with additional brand data requested with final database lock on 

June 27, 2019 
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1 Background  

The Development of Robust and Innovative Vaccine Effectiveness (DRIVE) project is a public-private 

partnership aiming to build capacity in Europe for estimating brand-specific influenza vaccine effectiveness 

(IVE). The DRIVE Project, which is funded by the Innovative Medicines Initiative (IMI), was initiated as a 

response to the changes for licensing of influenza vaccines in Europe. The new guidance on influenza 

vaccines by the European Medicines Agency (EMA) came into effect in the beginning of 2017. This guidance 

states that the performance of influenza vaccines should no longer be assessed based on serological assays, 

but should be based on post-authorization effectiveness studies [1].  

  

DRIVE seeks to establish a sufficiently sized network for robust, high quality, brand-specific effectiveness 

estimates for all influenza vaccines used in the EU each season. In DRIVE, data from several independently 

operating national or regional study sites is analysed jointly to increase geographical coverage and sample 

size for brand-specific IVE estimates.  

  

In 2017/18, a pilot study was performed to test the different operational aspects of the DRIVE project, 

including the IT infrastructure, the DRIVE governance for conducting IVE studies and to streamline key 

processes such as data collection, statistical analyses and dissemination of study results [2]. In the pilot study, 

there were four test-negative design studies (TND) and one register-based cohort study. The tools and 

processes developed during the pilot season 2017/18, were used and further improved in the 2018/19 

season. 

 

The main objective of the 2018/19 season was to estimate brand-specific seasonal IVE in Europe by health 

care setting and age group. The DRIVE platform is still expanding, and not all vaccine brands used in Europe 

are covered during the 2018/19 season, nor was sufficient sample size achieve to estimate brand-specific VE 

for all brands.  

 

Age is an effect modifier in IVE studies. In addition, patients presenting to different healthcare setting (primary 

care vs. hospital) are expected to have different levels of disease severity. To reduce clinical heterogeneity, 

estimates in the 2018/19 season were stratified by age and setting wherever possible.  

  

This Study Report describes the characteristics of the participating study sites, the methods used, and the IVE 

estimates obtained for the 2018/19 influenza season, as well as the challenges and proposed 

recommendations for next season. 
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2 Objectives 

2.1 Primary objective 

To estimate seasonal overall and brand-specific IVE against laboratory-confirmed influenza stratified by 

setting (primary care, hospital-based or mixed setting in case the source of the cases cannot be obtained) and 

age group (6m-17y, 18-64 y, 65+y), by type of outcome: 

¶ any laboratory-confirmed influenza 

¶ laboratory-confirmed influenza A, overall and by subtype (A/H1N1, A/H3N2) 

¶ laboratory-confirmed influenza B, overall and by lineage (B Victoria, B Yamagata) 

¶ brand-specific IVE only: any laboratory-confirmed influenza subtype/lineage included in the vaccine 

brand 

2.2 Secondary objective 

To estimate seasonal vaccine-type IVE against laboratory-confirmed influenza stratified by setting (primary 

care, hospital-based or mixed) and age group (6m-17y, 18-64 y, 65+y), by type of outcome:  

¶ any laboratory-confirmed influenza 

¶ laboratory-confirmed influenza A, overall and by subtype (A/H1N1, A/H3N2) 

¶ laboratory-confirmed influenza B, overall and by lineage (B Victoria, B Yamagata) 

¶ trivalent vaccines only: any laboratory-confirmed influenza subtype/lineage included in the vaccine 

type 

 

The following vaccine types will be considered: 

¶ Trivalent non-adjuvanted 

¶ Trivalent adjuvanted 

¶ Quadrivalent live attenuated 

¶ Quadrivalent inactivated 

2.3 Exploratory objective 

To estimate seasonal overall IVE against laboratory-confirmed influenza stratified by setting (primary care, 

hospital-based or mixed) and age group (6m-17y, 18-64 y, 65+y whenever relevant), within risk groups, by 

type of outcome: 

¶ any laboratory-confirmed influenza 

¶ laboratory-confirmed influenza A, overall and by subtype (A/H1N1, A/H3N2) 

¶ laboratory-confirmed influenza B, overall and by lineage (B Victoria, B Yamagata) 
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The following risk groups were considered: 

¶ Pregnant women  

¶ Healthcare workers 

¶ Presence of chronic conditions by the following sub-categories; 

o Cardiovascular disease 

o Lung disease 

o Diabetes 

 

Pregnant women and healthcare workers were selected as risk groups of interest as two studies were 

specifically designed to investigate these risk groups (pregnancy study by University of Athens, healthcare 

workers study by Italy CIRI-IT). The three chronic conditions (cardiovascular disease, lung disease and 

diabetes) were chosen to explore the feasibility of estimating IVE by risk group as they are believed to be 

chronic conditions with the highest prevalence (see SAP ANNEX 1 for definitions of chronic conditions). 
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3 Methods 

3.1 Study design  

A multi-centre study with data available from five primary care based TND studies, five hospital based TND 

studies, one register-based cohort and two clinical cohorts (in pregnant women and their young infants and in 

healthcare workers). A list of the participating study sites according to study design and setting is given in 

Table 1. All the TND studies and the register-based cohort follow closely the DRIVE generic protocols (D7.1 

and D7.2) for their respective study designs.  

 

Table 1. Overview of the participating study-sites, 2018/19  

Test-negative design studies, primary care: 

 1. Medical University Vienna (MUV), Austria 

2. Centro Interuniversitario di Ricerca sullôInfluenza e sulle altre infezioni trasmissibili (CIRI-IT), Italy  

3. Royal College of General Practitioners & University of Surrey (RCGP RSC), United Kingdom 

4. Istituto Superiore di Sanita (ISS), Italy  

5. Laboratoire National de Santé (LNS), Luxembourg 

Test-negative design studies, hospital based: 

 1. Helsinki University Central Hospital (HUS), Finland 

2. Italian Hospital Network (BIVE), Italy 

3. National Institute for Infectious Disease ñProf. Dr. Matei BalἨò, Bucharest, Romania   

4. Vall dôHebron University Hospital (HUVH), Barcelona, Spain 

5. Fundación para el Fomento de la Investigación Sanitaria y Biomédica de la Comunitat Valenciana 

(FISABIO), Spain 

Register-based cohort study: 

 1. The National Institute for Health and Welfare (THL), Finland 

Clinical cohort studies: 

 1. Pregnancy: 1st Department of Obstetrics and Gynecology, ñAlexandraò General Hospital of Athens, 

National and Kapodistrian University of Athens (UoA), Medical School, Athens, Greece  

2. Healthcare workers: Centro Interuniversitario di Ricerca sullôInfluenza e sulle altre infezioni 

trasmissibili (CIRI-IT), Italy  

 

The following studies were embedded in their respective national or regional influenza surveillance systems: 

¶ Spain FISABIO (Valencia Hospital Network for the Study of Influenza, VAHNSI) 

¶ Italy ISS (National sentinel influenza surveillance system, INFLUNET) 

¶ Spain HUHV (Information Plan for Acute Respiratory Infections in Catalonia, PIRIDAC) 

¶ Finland HUS (ICU ward only) (Finnish sentinel surveillance) 

¶ Luxembourg LNS (national influenza sentinel surveillance)  

¶ Austria MUV (Diagnostic Influenza Network Austria, DINÖ) 

¶ UK RCGP RSC (English sentinel surveillance network) 
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¶ Finland THL (online surveillance of influenza vaccine effectiveness) 

 

As Luxembourg LNS joined the DRIVE project in June 2019, the results were included in a post hoc sensitivity 

analysis. 

3.2 Overview of study characteristics 

Key characteristics of the TND studies and the register-based cohort study are summarized in Figure 1, and 

presented in more detail in Table 2-Table 4. Study characteristics for the clinical cohort studies are presented 

in ANNEX 3. Further details are provided in the subsequent sections. 

 

 

 

Figure 1. Overview of study characteristics, TND case control and register-based cohort, 2018/19  
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Table 2. Overview of test-negative design study sites characteristics, primary care - 2018/19 

Site MUV CIRI-IT ISS LNS RCGP RSC 

Country Austria Italy Italy Luxembourg UK 

Setting Primary care Primary care Primary care Primary care Primary care 

Source of cases Ca. 90 primary care 

physicians 

21 primary care 

physicians  

Ca. 245 primary care 

physicians  

15 primary care 

physicians 

6 primary care practices 

Population General population Ó6 

months 

General population Ó6 

months 

General population Ó6 

months 

General population Ó6 

months 

General population Ó6 

months 

Time      

     First and last swab date  04.10.2018; 10.04.2019 10.09.2018; 13.5.2019 5.11.2018; 29.04.2019 27.9.2018; 28.3.2019  18.2.2019; 10.04.2019  

     Study period of analysis Week 48 to week 14 Week 44 to week 15 Week 47 to week 15 To do  Week 48 to week 16 

Cases      

     Case definition ILI(1) ILI(1)  ILI(1)  ILI(2) ILI(1)  

     Influenza cases ILI + LCI ILI + LCI ILI + LCI ILI + LCI ILI + LCI 

Sampling strategy(3) All (or predefined rules if 

>10 ILI per sentinel 

physician per week) 

Predefined rules  <65y: predefined rules  

65y+: All 

All Predefined rules  

Swab      

     Type of swab Nasal or nasopharyngeal Nasal or oropharyngeal Throat swab Throat and nose swabs Nasal 

     Who swabs HCW HCW HCW HCW HCW 

Laboratory testing      

     Laboratory test influenza RT-PCR RT-PCR  RT-PCR RT-PCR RT-PCR desktop 

analyzer 

     A/subtype available Yes Yes Yes Yes No 

     B/lineage available Yes Yes Yes No No 

     Laboratory test subtyping RT-PCR RT-PCR RT-PCR RT-PCR n/a 

Data sources      

     Case definition  Primary data collection Primary data collection Primary data collection Primary data collection Primary data collection 



777363 ï DRIVE ï WP7 ï IVE report, Season 2018/19  

25 

 

Site MUV CIRI-IT ISS LNS RCGP RSC 

Country Austria Italy Italy Luxembourg UK 

     Vaccination status -Medical records  

-Otherwise, patient/ 

relativesô interview  (if ILI 

patient is not consulting 

his/her regular GP) 

-Vaccine register 

-Medical records  

-Medical records  

 

Medical records - Medical records 

     Baseline clinical data Primary data collection Medical records Medical records Medical records Medical records 

Covariates available for 

adjustment 

Age, sex, date of onset, 

1+ chronic condition, 

pregnancy  

Age, sex, date of onset, 

1+ chronic condition, 

pregnancy, nr of primary 

care visits in last 12 

months, influenza 

vaccination in previous 

season 

Age, sex, date of onset, 

1+ chronic condition, nr 

of primary care visits in 

last 12 months, influenza 

vaccination in previous 

season 

Age, sex Age, sex, date of onset, 

1+ chronic condition, 

pregnancy, nr of primary 

care visits in last 12 

months, influenza 

vaccination in previous 

season 

Individual or aggregate data 

shared 

Individual Individual Individual  Individual 

ILI: influenza-like illness; LCI: laboratory-confirmed influenza; HCW: healthcare worker; RT-PCR: Reverse transcription polymerase chain reaction.  

(1) ECDC case definition, (2) Sudden onset of fever, respiratory symptoms and myalgia, (3) Sampling strategies: a) All: all patients with ILI or SARI are sampled; b) Predefined 

rules: systematic sampling according to predefined rules; c) At clinicianôs discretion: non-systematic sampling at practitionerôs discretion.  
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For Spain HUVH, the data collection followed a matched 1:1 case-control design, where information on exposure and covariates was obtained only for controls 

that could be matched to a case by epidemiological week and age group (6mï17y, 18-64y and 65+y).  

 

Table 3. Overview of test-negative design study sites characteristics, hospital - 2018/19 

Site HUS BIVE-HOSP NIID HUVH FISABIO 

Country Finland Italy Romania Spain Spain 

Setting Hospital Hospital Hospital Hospital Hospital 

Source of cases 1 hospital  5 hospitals 1 hospital 1 hospital  4 hospitals 

Population General population Ó18 

years 

General population Ó6 

months 

General population Ó6 

months 

General population Ó6 

months 

General population Ó6 

months 

Time      

     First and last swab date  23.11.2018; 30.04.2019 16.11.2018; 27.04.2019 13.11.2018; 30.04.2019 13.12.2018; 14.4.2019 10.09.2018;13.05.2019 

     Study period of analysis Week 48 to week 17 Week 47 to week 16 Week 47 to week 16 Week 49 to week 15 Week 51 to week 16 

Cases      

     Case definition SARI(1) SARI(1) SARI(1) SARI(1) <5y:Hospitalized for any 

acute reason(2) 

Ó5y: ILI(3)  

     Influenza cases SARI + LCI SARI + LCI SARI + LCI SARI + LCI As above + LCI 

Sampling strategy(4) All All All All All 

Swab      

     Type of swab Nasal and throat or 

nasopharyngeal 

Pharyngeal or 

nasopharyngeal 

<14y: nasopharyngeal 

and nasal Ó14y: 

nasopharyngeal and 

pharyngeal 

 

< 18y: usually 

nasopharyngeal 

>18 y: nasopharyngeal 

and/or pharyngeal and/or 

bronchoalveolar  

<14y: nasopharyngeal 

and nasal 

Ó14y: nasopharyngeal 

and pharyngeal 

 

     Who swabs HCW HCW HCW HCW HCW 

Laboratory testing      
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Site HUS BIVE-HOSP NIID HUVH FISABIO 

Country Finland Italy Romania Spain Spain 

     Laboratory test influenza RT-PCR RT-PCR RT-PCR < 18y: Antigen detection  

> 18y:  

PCR 

RT-PCR 

     A/subtype available  Yes Yes Partial  

(H only) 

Yes Yes 

     B/lineage available Yes Yes Yes Yes Yes 

     Laboratory test subtyping Real-time RT-PCR RT-PCR RT-PCR sequencing RT-PCR 

Data sources      

     Case definition  Primary data collection Primary data collection Primary data collection Medical records Primary data collection 

     Vaccination status -Vaccine register 

-Vaccine card 

-Medical records 

Primary care physician 

interview for patients 

who reported being 

vaccinated (or unsure), 

the physician consulted 

medical records 

-Vaccine card 

-Primary care physician 

interview 

 

-Vaccine register 

-Medical records  

-Vaccine card  

   

-Vaccine register 

     Baseline clinical data -Medical records 

-Registers 

-Patient/relatives 

interview 

-Interview with hospital 

ward personnel 

-Medical records 

-Patient interview 

-Medical records 

-Patient /relatives 

interview 

-Interview with attending 

physician 

-Medical records 

 

-Medical records 

-Patient interview 

 

 

  

Covariates available for 

adjustment 

Age, sex, date of onset, 

1+ chronic condition, 

pregnancy, nr of 

hospitalisations in last 12 

months, influenza 

Age, sex, date of onset, 

1+ chronic condition, 

influenza vaccination in 

previous season, nr of 

Age, sex, date of onset, 

1 chronic condition or 

more pregnancy, nr of 

hospitalisations in last 12 

months, influenza 

Age, sex, date of onset, 

1+ chronic condition, 

pregnancy, nr of 

hospitalisations in last 12 

months, influenza 

Age, sex, date of onset 

1+ chronic condition, 

pregnancy, nr of 

hospitalisations in last 12 

months, influenza 
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Site HUS BIVE-HOSP NIID HUVH FISABIO 

Country Finland Italy Romania Spain Spain 

vaccination in previous 

season 

hospitalisations in last 12 

months, for 65+: frailty 

vaccination in previous 

season 

vaccination in previous 

season 

vaccination in previous 

season 

Individual-level or aggregate 

data shared 

Individual Individual Individual Individual Individual 

H: hemagglutinin; ICU: intensive care unit; ILI: influenza-like illness; LCI: laboratory-confirmed influenza; HCW: healthcare worker; RT-PCR: Reverse transcription polymerase 

chain reaction. SARI: severe acute respiratory infection  

 (1) IMOVE+ 2017/2018 case definition. (2) With symptom onset in the 7 days prior to admission (3) ECDC case definition, without ñsudden onsetò (4) Sampling strategies: a) 

All: all patients with ILI or SARI are sampled; b) Predefined rules: systematic sampling according to predefined rules; c) At clinicianôs discretion: non-systematic sampling at 

practitionerôs discretion.  
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The Finland THL register-based cohort includes all children aged 6m to 6y and adults 65+y registered in the Finnish 

Population Information System. This system is then linked to the National Vaccination Register to obtained vaccination 

status for all subjects in the cohort and the National Infectious Disease Register to identify influenza cases (Table 4). 

Table 4. Overview of register-based cohort study, 2018/19  

Site THL 

Country Finland 

Setting Primary care and hospital 

  

Population General population  6m-6y and 65+y 

Time  

     Start and end of follow-up Ongoing 

     Study period of analysis Week 40 to week 17 

Cases  

     Case definition LCI positive 

     Influenza cases LCI positive 

Sampling strategy(1) At clinicianôs discretion 

Swab  

     Type of swab Nasopharyngeal swabs or nasal and/or throat swabs or nasopharyngeal 

aspirates (sometimes other clinical samples) analysed by real time RT-

PCR, multiplex RT-PCR, culture and/or antigen detection 

     Who takes swab HCW 

Laboratory testing  

     Laboratory test influenza diagnosis RT-PCR, Antigen detection 

     A/subtype available No 

     B/lineage available No 

     Laboratory test subtyping n/a 

Data sources   

     Subjects that define the cohort Population Information System 

     Case definition National Infectious Disease Register 

     Vaccination status National Vaccination Register 

     Baseline clinical data Registers 

Covariates available for adjustment Age, sex, calendar week at influenza test, 1 chronic condition or more, 

number of hospitalizations in the last 12 months, number of primary 

care consultations in the last 12 months, influenza vaccination in 

previous season 

Individual-level or aggregate data 

shared 

Aggregate 

HCW: healthcare worker; LCI: laboratory-confirmed influenza; n/a: not applicable; RT-PCR: Reverse transcription 

polymerase chain reaction,  

 (1)Sampling strategies 1) All: all patients with ILI or SARI are sampled; 2) Predefined rules: systematic sampling 

according to predefined rules; 3) At clinicianôs discretion: non-systematic sampling  
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3.3 Study population  

In all TND studies and the register-based study, the population under study was the general population. 

Further details on the catchment population are presented in  

 

Table 5. In the two clinical cohort studies, the populations under study were pregnant women and their young 

infants and healthcare workers respectively. 

 

Table 5. Catchment population for studies in the general population, 2018/19 

 Catchment population 

TND primary care  

     Austria MUV Ca. 1-1.2% of population Austria 

     Italy CIRI-IT  Ca. 1.8% of population Liguria 

>3% of population Genoa Province 

     Italy ISS Ca. 0.5% of population Italy 

     Luxembourg LNS Ca. 3% of population of Luxembourg  

     RCGP RSC UK Ca. 0.1% of population England 

TND hospital  

     Italy BIVE Tertiary care hospitals serving Siena province (population 250,000), Liguria 

region (845,000), Lazio region (700,000 0-12y old*), Rome (3,000,000) and 

Bari province (1,100,000) 

     Spain FISABIO Hospitals serving part of Valencia region (1,119,000, 22% of Valencia region) 

     Finland HUS Tertiary care hospital serving cities of Espoo, Kauniainen and Kirkkonummi 

(population 332,500) 

     Spain HUVH Tertiary care hospital located in the north of the city of Barcelona (serving a 

population >400,000) 

     Romania NIID Hospital serves Bucharest, Ilfov, Dambovita, Giurgiu, Prahova, Arges, 

Teleorman, Ialomita, Dolj, Valcea, Olt (population 5,937,382) 

Register-based cohort  

     Finland THL 98% of all children 6m-6y and 99% of all elderly 65-100y in Finland  

*real access to this hospital probably largely underestimated as this is the only pediatric hospital in central-southern Italy 

3.4 Study period 

The start and end of the data collection for the 2018/19 influenza season differed between the sites (Table 2-

Table 4). The end of the data collection for the pooled analysis was on 30 April 2019, although individual 

study sites may have continued data collection beyond this date according to their protocols.  

 

For the TND studies, the study period for the analysis started when the influenza virus circulation began (first 

week of two consecutive weeks when influenza viruses are detected at the study site level, based on the data 

as provided to DRIVE) in the country/region and finished after the influenza season (defined as the end of the 
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week prior to the first of two consecutive weeks when no influenza viruses are detected at the study site level, 

based on the data as provided to DRIVE) or 30 April 2019, whichever occurred first. The study period of 

analysis was different for different study sites. 

 

In the particular case of Finland THL, data was continuously collected throughout the year since they use the 

national registers. The study period for analysis for THL was from week 40 till week 17. 

3.5 Case definitions 

3.5.1 Influenza-like illness (ILI) 

A case of influenza like illness (ILI) was defined by the ECDC case definition [3] as an individual who presents 

with a 

¶ sudden onset of symptoms 

AND, at least one of the following four systemic symptoms: 

ǒ fever or feverishness; 

ǒ malaise; 

ǒ headache; 

ǒ myalgia; 

AND, at least one of the following three respiratory symptoms: 

ǒ cough; 

ǒ sore throat;  

ǒ shortness of breath. 

3.5.2 Severe acute respiratory infection (SARI) 

A case of severe acute respiratory infection (SARI) was defined by the IMOVE+ 2017/2018 case definition as 

a hospitalised person, with at least one of the following systemic symptoms or signs; 

¶ fever or feverishness; 

¶ malaise; 

¶ headache; 

¶ myalgia; 

¶ deterioration of general condition (asthenia or loss of weight or anorexia or confusion or dizziness) 

AND at least one respiratory symptom or sign e.g.  

¶ cough;  

¶ sore throat;  

¶ shortness of breath; 

at admission or within 48 hours after admission. 
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The symptoms should not have started (or, if chronic, clearly worsened) more than 7 days before swabbing. 

3.5.3 Case identification 

For the TND studies, ILI and SARI cases were identified among all patients presenting to primary care or 

hospital.  

 

At Greece UoA (pregnancy cohort), all enrolled women were actively followed-up through weekly telephone 

calls asking about the onset of a febrile episode, acute respiratory infection, ILI, acute otitis media and/or 

pneumonia, SARI, healthcare seeking, hospitalization and use of antibiotics in women and their infants.  

At Italy CIRI-IT (HCW cohort), all participants were sent weekly regular reminders through e-mail and/or SMS 

(if the mobile was available) to call the study team in case of ILI. 

 

At Finland THL (register-based cohort study), only positive results of the influenza tests were available. 

3.5.4 Data sources case definition  

For the majority of studies, the outcome was assessed through primary data collection, i.e. patient interview. 

For HUVH, the outcomes were assessed using medical records. In case of the register-based cohort, the 

National Infectious Disease Register was used (Table 2-Table 4).  

3.5.5 Swab sampling strategy 

Different sampling strategies were used for collecting respiratory samples from patients meeting the ILI/SARI 

clinical case definitions; 

¶ óallô: all patients with ILI or SARI are sampled 

¶ ópredefined rulesô: systematic sampling according to predefined rules 

¶ óat clinicianôs discretionô: non-systematic sampling at practitionerôs discretion 

Swab sampling strategies differed most across the TND primary care study sites, whereas óallô patients 

meeting the case definition were swabbed in the TND hospital studies and the clinical cohort studies, and ónoô 

rules were defined for the register-based cohort study (Table 2-Table 4).  

 

Among TND primary care study sites, ónoô rules were defined for Austria MUV, óallô ILI patients were swabbed 

for LNS (Luxembourg), ópredefined rulesô were in place for Italy CIRI-IT, UK RCGP RSC, and for Italy ISS the 

sampling strategy differed for age groups (ópredefined rulesô for ILI patients <65y, óallô for ILI patients 65+y).   

The predefined rules that were in place were defined as follows: 

¶ Austria MUV: All ILI patients were swabbed, if more than 10 patients per sentinel physician per week 

fulfil the case definition, then every 4th patient is swabbed 

¶ Italy CIRI-IT: Systematic sampling was encouraged, e.g. the first 3 ILI that present each week. 
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¶ UK RCGP RSC: All cases of ILI were encouraged to be swabbed in this study, up to a maximum of 10 

per practice, per day 

¶ Italy ISS: Systematic sampling of the first 2 ILI patients that presented each week 

 

Swabs were performed by HCW in all studies with the exception of the Italy CIRI-IT HCW cohort, where 

swabs were self-collected in the Milano site or collected by CIRI-IT medical staff in the Genoa site. Self-

collected swabs have been shown to have similar sensitivity to those taken by health-care workers [4, 5] and 

the extent of postal delay is not associated with the likelihood of PCR positivity for influenza [5].  

 

The type of swabs were either nasal, nasopharyngeal, oropharyngeal, pharyngeal or throat swabs (Table 2-

Table 4). Samples taken >=8 days after ILI onset were excluded from  analysis. 

3.5.6 Adherence to the case definitions 

All study sites followed the ILI or SARI clinical case definitions with the exception of Luxembourg LNS  and 

Spain FISABIO.  

 

At Luxembourg LNS, a case of ILI was defined as an individual who presents with a 

¶ Sudden onset of fever 

AND 

ǒ Respiratory symptoms  

AND 

ǒ Myalgia 

 

At Spain FISABIO, the following case definitions were used: 

 

For children <5 years, a clinical case was defined as a person with a hospitalization for any acute reason 

whose symptom onset (of any symptom possibly related to influenza ï Table 6) was in the 7 days prior to 

admission.  

 

For subjects 5 years and above, a modified ECDC ILI case definition was used, being hospitalized with at 

least one systemic symptom (fever or feverishness, malaise, headache or myalgia) and at least one 

respiratory symptom (cough, sore throat or shortness of breath) whose onset was in the 7 days prior to 

admission.  

Table 6. FISABIO: symptoms possibly related to influenza 

Eligibility diagnosis, symptoms and signs 

Acute upper and lower respiratory disease 

Dyspnea breathing anomaly, shortness of breath, tachypnea 

Asthma 
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Pneumonia and influenza  

Heart failure 

Myalgia 

Altered consciousness, convulsions, febrile convulsions 

Fever or fever unknown origin or non-specified 

Cough 

Apnea 

Gastrointestinal manifestations 

Sepsis, systemic inflammatory response syndrome 

3.5.7 Case definition verification 

When variables on symptoms were provided, the ILI/SARI case definition was verified. Reporting variables on 

the symptoms was not obligatory. An overview of the sites for which case definition verification was possible is 

given in Table 7.  

 

Table 7. Verification of ILI/SARI case definition based on clinical symptoms 

 All ILI/SARI case definition could be 

verified based on clinical symptoms 
Comment 

ILI   

     Italy CIRI-IT Yes  

     Italy ISS No Clinical symptoms not collected 

     LNS, Luxembourg No Clinical symptoms not collected 

     Austria MUV No  Missing for 99.5% of the records.  

     UK RCGP RSC No Clinical symptoms not collected 

SARI   

     Italy BIVE No Missing for 31 records, 1.9% 

     Spain FISABIO No Missing for 619 records, 17.1% 

     Finland HUS Yes  

     Romania NIID Yes  

     Spain HUVH At site The site reported that all ILI/SARI cases 

were confirmed based on clinical symptoms. 

The variables on the symptoms were not 

provided as they were not obligatory. 

3.6 Inclusion and exclusion criteria 

3.6.1 Test-negative design studies  

3.6.1.1 Recommended exclusion criteria 

The following exclusion criteria were applied to subjects presenting with ILI; 
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1. was unwilling to participate or unable to communicate and give consent (the consent may also be 

given by her/his legal representative, or by specific consent procedures, acceptable according to the 

local ethical review process) 

2. was less than 6 months of age at the time of the onset of the symptoms 

3. had a contraindication for influenza vaccine 

4. was institutionalised at the time of symptoms onset  

5. had the respiratory specimen taken Ó 8 days after ILI onset 

6. tested positive for any influenza virus in the current season before the onset of symptoms leading to 

the current primary care visit/hospitalisation 

 

The following exclusion criteria were applied to subjects presenting with SARI; 

1. was unwilling to participate or unable to communicate and give consent (the consent may also be 

given by her/his legal representative, or by specific consent procedures, acceptable according to the 

local ethical review process) 

2. was less than 6 months of age at the time of the onset of the symptoms 

3. had a contraindication for influenza vaccine 

4. was institutionalised at the time of symptoms onset  

5. had the respiratory specimen taken Ó 8 days after SARI onset 

6. tested positive for any influenza virus in the current season before the onset of symptoms leading to 

the current primary care visit/hospitalisation 

7. was previously hospitalised < 48 hours prior to SARI onset 

8. had his/her ILI/SARI onset Ó 48 hours after hospital admission 

 

Note: a patient could be enrolled several times as long as he/she did not have a previous laboratory confirmed 

influenza for the 2018/19 season. 

3.6.1.2 Adherence to the recommended ILI/SARI exclusion criteria 

All variables related to the exclusion criteria were listed as obligatory variables in the Minimal Data 

Requirements (Annex 1 of SAP in ANNEX 1). Records that violated the exclusion criteria were discarded at 

the analysis stage, whenever possible. 

 

All the recommended exclusion criteria were implemented either at study recruitment or during the analysis for 

the main analysis of all TND primary care and TND hospital studies, with the exception of Austria MUV and 

Spain HUVH where informed consent was not required (see also ANNEX 2). Four TND hospital sites applied 

additional exclusion criteria at recruitment: 

¶ In the Finland HUS study, patients who were not a resident of Espoo, Kauniainen or Kirkkonummi 

were excluded.  

¶ In the Spain FISABIO study, patients who were not residing in the hospitalsô catchment areas for at 

least the previous 6 months, patients who were previously hospitalized < 30 days from the 
































































































































































