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Introduction: Measuring influenza vaccine effectiveness (IVE) seasonally is important and has been con-
ducted utilizing several observational study designs. The active test-negative design has been most
widely used and the validity of passive register-based studies has been debated. We aimed to explore
the potential differences, advantages, and weaknesses of different study designs in estimating influenza
vaccine effectiveness.
Methods: We compared three study designs in estimating IVE against hospitalization in the elderly aged
65 years or more over three influenza seasons 2015/16, 2016/17 and 2017/18. Designs compared were
active test-negative design (TND), register-based cohort design and register-based case-control design
with different selection criteria for cases and controls.
Results: Adjusted IVE estimates for the three consecutive seasons 2015–18 in active test-negative design
were 82% (95% confidence interval 26, 96), 21% (-179, 77), 15% (-113, 66). For case-control design, esti-
mates from different analyses ranged in 2015/16 from 47% (-16, 76) to 52% (-48, 84), in 2016/17 from 10%
(-42, 43) to 29% (-20, 58), and in 2017/18 from �27% (-91, 15) to 1% (-40, 30). In the cohort design, the
adjusted IVE estimates were 48% (-9, 75), 29% (1, 49), 13% (-21, 37) for the three seasons.
Conclusions: The register-based cohort design produced results more concordant with the active test-
negative design than the case-control design. Furthermore, the register-based cohort design yielded most
precise estimates with narrower confidence intervals. In Finland with the availability of near real-time
nationwide register data, the register-based cohort design is the method of choice to continue the annual
surveillance of influenza vaccine effectiveness.
� 2022 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Burden of annual influenza epidemics is significant for health
care and economy [1]. Severe influenza is especially frequent in
the elderly and vaccination is the most effective way to prevent
severe outcomes. In Finland, influenza vaccination is recom-
mended and provided free of charge in the public health care to
all individuals aged 65 years or more by the National Immuniza-
tion Program (NIP). Vast majority of influenza vaccine doses annu-
ally consumed in Finland are given within the public health care,
especially in the elderly. At the time of the study, trivalent influ-
enza vaccines were used in Finland, until the end of season
2017/18. Thereafter tetravalent vaccines have replaced them.

Estimating influenza vaccine effectiveness (IVE) is important for
understanding the effects of current vaccination program against
burden of influenza. Influenza viruses go through changes every
year and IVE varies from year to year, which is why it should be
monitored yearly. Influenza vaccination is recommended for risk
groups in Europe, so randomized placebo-controlled trials for esti-
mating IVE in these target groups would not be ethical. Therefore,
only observational study designs are conducted for the estimation
of IVE for each season [2]. The test-negative design (TND) has been
the standard choice in most studies estimating IVE, especially in
Europe. Large register-based cohort studies are another study
design frequently used to estimate IVE [3]. In Finland there are
comprehensive real-time health registers that have already been
used in cohort studies of IVE since 2012 [4,5]. It has been debated
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how reliable these registers are and how reliable these estimates
are compared to active hospital-based TND studies. Validation
studies for vaccinations [6] and selected outcomes [7–8] have been
conducted, but the validation studies in IVE estimation are
pending.

The primary objective of this study was to compare active test-
negative design to designs in which data are collected passively
through registers. We aimed to explore the potential differences
in results and to discuss the advantages and weaknesses of each
design in estimating the influenza vaccine effectiveness in the
elderly. We also explored accuracy of the register data compared
to confirmed data from the hospital-based active test-negative
study.

2. Methods

2.1. Study design

We compared three study designs to measure influenza vaccine
effectiveness (IVE) against laboratory-confirmed influenza A (LCI-
A) among the elderly aged 65 years and above in the city of Tam-
pere, Finland, during three influenza seasons 2015/16, 2016/17 and
2017/18.

� The first sub-study was an active, hospital-based TND study for
measuring IVE against LCI-A in elderly hospitalized with severe
acute respiratory infection (SARI), by comparing influenza pos-
itives and negatives in vaccinated and nonvaccinated subjects.

� The second sub-study was a register-based, hospital-based
case-control study, designed to mimic the TND study and to
explore different variations in definitions for cases and controls.

� The third sub-study was a register-based, population-based
cohort study for measuring IVE against LCI-A in association with
hospitalization.

2.2. Study setting and population

The source population for all sub-studies comprised all perma-
nent residents aged �65 years in Tampere. The elderly population
of Tampere increased from 41 360 to 43 624 during the study per-
iod, 98% were Finnish speaking.

Acute infections of community-dwelling inhabitants requiring
hospitalization were mostly treated in two hospitals: the most sev-
Fig. 1. Numbers of positive influenza A and B findings in the Finnish National Infectious
by calendar week.
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ere cases were treated in Tampere University Hospital of the
Pirkanmaa Hospital District (the only tertiary care hospital in the
area) and the less severe cases were treated in the city hospital
(primary/secondary care). In 2018, the city hospital was merged
with the university hospital.
2.3. Influenza seasons and vaccinations 2015–2018 in Finland

The three influenza seasons in Finland differed from each other.
Fig. 1 shows the distributions of influenza A and B findings
reported to National Infectious Diseases Register (NIDR) during
the seasons. Table 1 presents the proportions of influenza A sub-
types and influenza B lineages according to the virological surveil-
lance [9–11]. More detailed description of the study seasons is
given in Supplementary data 1. As influenza B was mainly absent
in the first two seasons, we focused our analysis on Influenza A
only.

Table 1 presents the vaccines used in the NIP. The vaccination
coverage in elderly increased from 43% to 47% in the whole country
during the study seasons while it remained 45% in Tampere.
2.4. Sub-study 1 – Active test-negative design (TND) study

As part of the EU-funded multi-center I-MOVE + project (Hori-
zon2020, GA 634446), we conducted an active, hospital-based
TND study to estimate the IVE against in LCI community-
dwelling elderly, hospitalized with SARI in Tampere during three
influenza seasons 2015–2018. The study was conducted each sea-
son in 4–7 hospital units representing infectious diseases and
internal, respiratory, general, and geriatric medicine.

Detailed methods of the TND study are described in the Supple-
mentary data 2. In brief, a study nurse affiliated at the Finnish
Institute for Health and Welfare (THL) systematically contacted
new patients hospitalized with defined screening diagnoses (Sup-
plementary Table S1), assessed the eligibility, and obtained a writ-
ten informed consent. The patient was eligible to be enrolled if he
or she was aged 65 years or more, was a permanent resident in the
city of Tampere, could communicate in Finnish, had no contraindi-
cation for influenza vaccine, did not have the first symptom or sign
48 h or more after admission or <48 days after prior hospitaliza-
tion, had not tested positive for influenza during the season before
the symptom onset and was a SARI patient (Fig. 2). A SARI patient
Diseases Register (NIDR) in epidemiological seasons 2015/16, 2016/17 and 2017/18



Table 1
Circulating influenza strains and influenza vaccinations in Finland during epidemic seasons 2015/16, 2016/17 and 2017/18.

Season The distribution of circulating
subtypes and lineagesa

Vaccination coverage
in population
aged 65 years
and more

Vaccines used in the
National Immunisation
Programme (NIP)

Vaccinations in NVR of
Tampere elderly having
visits in HILMO registerb

A(H1N1)
pdm09

A(H3N2) B
Victoria

B
Yamagata

Whole country City of Tampere

2015/2016 79% 7% 15% 0% 43.2% 44.6% Fluarix�, split virionc

Vaxigrip�, split viriond
88%
11%

2016/2017 0% 94% 0% 6% 47.4% 45.2% Influvac�, subunit vaccinee 99.9%
2017/2018 3% 41% 3% 54% 47.3% 45.1% Influvac�, subunit vaccinee

Agrippal�, subunit vaccinef
99%
1%

a The distribution of subtypes and lineage are based on the samples obtained for virological surveillance from sentinel sites during visits due to acute respiratory infection
or influenza like illness [9–11]. bInfluenza vaccination records present in the National Vaccination Register (NVR) of residents of Tampere aged � 65 years having at least one
event registered in the hospital discharge register (HILMO) during the study periods. All vaccines were trivalent, inactivated, unadjuvanted, egg propagated vaccines, the
normal dose 0.5 ml for intramuscular use containing 15ug/ml of hemagglutinin/strain. cGlaxoSmithKline Biologicals, dSanofi Pasteur, eBGP Products B.V/Abbott Agrippal�,
fSeqirus S.r.l./Seqirus Vaccines Ltd.
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was defined as a person hospitalized with at least one systemic
symptom or sign (fever or feverishness, malaise, headache, myal-
gia, or deterioration of general condition) and at least one respira-
tory symptom or sign (cough, sore throat, shortness of breath),
starting <8 days before sampling.

The study nurse collected information on the symptoms of the
current disease and background factors by interview and from
the electronic medical records of the hospital. The influenza vacci-
nations were verified in the medical records of the Tampere health
care center, or the vaccination site reported by the participant.

The study nurse collected a respiratory specimen from the
study participant. If an influenza sample had already been obtained
for clinical purposes after symptom onset, the residue of the spec-
imen was requested from the local laboratory and used for the
study purposes. All respiratory specimens were tested for influenza
A and B at the virological laboratory at THL in Helsinki. The partic-
ipants with positive influenza A tests were considered cases. Par-
ticipants with a negative influenza test were considered controls,
if their symptom onset coincided with those of the influenza A
cases.
2.5. Sub-study 2 - Register-based case-control study

The data for this sub-study were retrieved from the Finnish
national registers, described in the Supplementary data 3. We
obtained from the hospital discharge register (HILMO) records of
every hospital visit for all residents in Tampere aged 65 years or
more at the start of the visit. Records were limited to the time-
frame of influenza seasons 2015–2018 defined according to the
study periods in the active TND study. If the residents had visited
other hospitals than the university or city hospital, e.g., when trav-
elling, the records were included. The influenza vaccination
records were retrieved from the National Vaccination Register
(NVR).

Hospitalization was defined as an admission at a hospital ward
for more than one day or one day with registration code for inpa-
tient care. Consecutive visits or admissions in different hospital
units were included in a hospitalization episode if the start date
of the next visit/admission was registered at the same or the next
day as the end date of the previous visit/admission. Exclusion cri-
teria are shown in Fig. 3.

Acute hospitalizations were defined as hospitalization episodes
starting with a visit to the hospital emergency department or arri-
val to hospital as an emergency patient. As we aimed to focus on
community-acquired influenza, transfers between hospitals and
other health or social care institutions were excluded.
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To compare the register-based case-control results with the
active TND study we used an ICD-10 code-based definition for
SARI. Because the SARI case definition in the active TND study
was based on specific symptoms and signs, which are often not
available as ICD-10 codes in the register, we explored several com-
binations of ICD-10 codes to mimic the TND study case definition
(Supplementary Table S2). The SARI definition selected included
the ICD-10 codes J09-18, J20-22, J00-06 and J44.0. SARI hospitaliza-
tion was defined as an acute hospitalization with a SARI-
compatible diagnosis code recorded within 2 days of the start of
hospitalization episode.

Different variations of case and control definitions were
explored to see how well the register-based results would match
the active TND study results in the hospital setting and how the
hospital-based results relate to those of the population-based
cohort study (Table 2). From the NIDR, we only got the positive
sample results. A positive influenza finding was considered as
related to the hospitalization episode, if the sample was obtained
during the hospitalization or within 7 days before its start. Hospi-
talizations qualified as control episodes, if the subject had no LCI
related to hospitalization during the season. For each analysis by
season, only one control hospitalization per subject was randomly
picked.

As a separate analysis, to mimic the active TND study as pre-
cisely as possible, we limited the study population to only those
hospitalized in the university hospital (any season) or city hospital
(season 2015/16) and excluding e.g., those hospitalized outside
Tampere or at special hospitals for cardiological diseases or pallia-
tive care, because the active TND study was conducted in selected
hospital units only. We also used a more sensitive definition for
acute hospitalization, based on the local codes for the emergency
and observation units as arrival units in these hospitals, to mimic
the screening and recruitment procedure used in the active TND
study (Supplementary data 2).
2.6. Sub-study 3 -Register-based cohort study

This study design is the same that has been routinely used in
evaluating seasonal IVE in Finland since 2012 [5]. The study cohort
for three influenza seasons 2015–2018 was defined according to
the data extracted from the Finnish Population Information Sys-
tem. We included all residents of Tampere who were alive at the
first of October and 65–100-years old at the end of December dur-
ing the study season. Individuals who moved out of Tampere dur-
ing the season were excluded from the analysis. Follow-up of study
subjects as unvaccinated and vaccinated according to the NVR was
conducted for each influenza season between October 1st and May



Fig. 2. Flow chart of the data included in the active, hospital-based TND (test negative design) study during the epidemiological seasons 2015/16, 2016/17 and 2017/18. The
subjects were screened according to a daily list of patients admitted in the study hospitals with pre-defined admission diagnoses (Supplementary Table S1).
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Fig. 3. Flow chart of the data included in the different analyses with variations of case and control definitions in the register-based, hospital-based case-control study during
the epidemiological seasons 2015/16, 2016/17 and 2017/18.

Table 2
Case, control and exposure definitions in sub-studies and analysis sets.

Analysis Study population Case definition Control definition Exposure definition

Active TND
study

Hospitalizations
with SARIa

Hospitalized patient fulfilling clinical SARI-criteria
with LCI-Ab

Hospitalized patient fulfilling clinical
SARI-criteria with negative sample for
any LCIc

Vaccination for
influenza >14 days before
symptom onset

Register-based
case-control
study

All
hospitalizations

Any hospitalization with LCI-Ab One random hospitalization without any
LCIc per season per study subject

Vaccination for
influenza >14 days before
admission date

Acute
hospitalizations

Any acute hospitalization with LCI-Ab within
7 days before and 2 days after the start of
hospitalization

One random acute hospitalization
without any LCIc per season per study
subject

Same as in analysis 1

SARI
hospitalizationsd

SARI hospitalization and LCI-Ab within 7 days
before and 2 days after the start of hospitalization

One random SARI hospitalization without
any LCIc per season per study subject

Same as in analysis 1

Selected SARI
hospitalizationsd,
e

Same as in analysis 3 Same as in analysis 3 Same as in analysis 1

Cohort study All residents of
Tampere

Being inpatient at hospital at the time or within
7 days from LCI-Ab

NA >14 days had passed since
the vaccination date

a SARI defined with data actively collected according to the protocol of the active test-negative design (TND) study, including one systematic and one respiratory sign or
symptom occurring <8 days before influenza sampling.

b LCI-A, laboratory-confirmed influenza A.
c LCI, laboratory-confirmed influenza.
d SARI defined as any register-based ICD-10 code for acute respiratory infection (J09-18, J20-22, J00-06 and J44.0) recorded within 2 days after hospitalization.
e The hospitalizations were further restricted to mimic the active TND study design as precisely as possible, by limiting the hospitalisations to selected units, with

admission through specific units.
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31st and was analyzed for each season separately. Each person
included in the cohort was considered at risk for the outcome from
the start of the season to the end of the season, until the measured
outcome occurred or loss to follow-up (death), whichever occurred
first, as described earlier by Baum et al. [5]. Hospitalization was
defined as being a hospital inpatient according to HILMO at the
time of positive influenza A sample or during the 7 following days.
The positive influenza A findings were retrieved from NIDR.

2.7. Vaccinations

The subject was considered vaccinated, if >14 days had elapsed
since the vaccine administration. During 0–14 days after vaccine
administration, the subject was considered unvaccinated in the
active TND study and in the register-based case-control study. In
the cohort study these subjects were considered partially vaccinated.

Table 2 specifies the time point for defining the vaccination sta-
tus in each of the analyses. For the active TND analysis, this was the
date of symptom onset and in the register-based case-control stud-
ies it was the hospital admission. In the cohort study, the vaccina-
tion was managed as a time-dependent exposure, change of the
exposure status from unvaccinated to partially vaccinated took
place at the time of vaccine administration and the change from
partially to full vaccinated took place 15 days after vaccine
administration.

2.8. Laboratory testing

In the active TND study, the influenza viruses were identified
from collected specimens by RT-PCR test in the virological labora-
tory at THL. The test determined the presence of influenza A and B
viruses and confirmed the results by determination of the sub-
types/lineages and in selected cases, by sequencing.

For register-based sub-studies, positive influenza samples were
acquired from the NIDR. During the 3-season-long study period,
there were two PCR tests and one antigen test in use for influenza
testing in Tampere. The guideline to clinicians of Tampere university
hospital for influenza sampling during the study period was that
every patient admitted to hospital ward with influenza-like symp-
toms, should be tested for influenza with a PCR test, but in practice,
the decision to test was on the discretion of the clinician [12].

2.9. Data analysis

For the active TND study and the register-based case-control
study, IVE was estimated as 1 – OR (odds ratio, expressed as per-
centage). IVEs were estimated crude and, for register-based case-
control study, adjusted for age, sex, calendar time (the season
divided to three phases according to the number of cases, 25%,
50% and 25% of cases in each), one-year vaccination history, pres-
ence of at least one underlying chronic condition and nights hospi-
talized in the past five years. The TND study was adjusted only for
age, sex and calendar time. Distributions of continuous variables
for background characteristics between cases and controls were
compared with Mann-Whitney’s U test. Categorical variables were
compared with Pearson’s chi-squared test.

For the cohort study, a Cox proportional hazards model with
time since the beginning of the study period as the underlying
timescale was used. IVE was estimated as 1- the ratio comparing
the hazard of influenza A in vaccinated and unvaccinated. Adjust-
ment was made for age, sex, one-year vaccination history, presence
of at least one underlying condition and nights hospitalized in the
past five years.

In the cohort study, the data analyses were performed in R 3.6.3
(R Foundation for Statistical Computing, Vienna, Austria). All other
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analyses were performed with SPSS version 27 (IBM SPSS
STATISTICS).

2.10. Ethical aspects

The active TND study was conducted according to Declaration
of Helsinki and submitted for ethical review to Pirkanmaa hospital
district regional Ethics Committee. In the TND study, written or
oral witnessed informed consents from the participants were col-
lected. In season 2015/16, also written informed consent from
the next of kin was allowed.

For the register-based studies, the protocol was evaluated by
the institutional ethics committee at THL. In addition, permissions
for the use of data from the national registers have been obtained
from the register controllers at THL, including permission to com-
bine register data with the active study data. No informed consent
is required in Finland for register-based studies.
3. Results

3.1. Results of the sub-study 1 – Active TND study

The study was conducted between December 8, 2015, and May
13, 2016, November 21, 2016, and April 3, 2017, and December 8,
2017, and May 16, 2018. Of almost 10 800 citizens of Tampere
aged �65 years admitted into either of the two hospitals in Tam-
pere (university hospital and city hospital), 1 117 were admitted
to the participating wards with at least one of the screening diag-
noses listed in Table 1. Of them, 585 (52%) could not be screened or
did not fulfil eligibility criteria for reasons specified in the flow-
chart (Fig. 2). Of the 532 enrolled participants, for 264 the study
eligibility criteria could not be verified from the medical records,
or they did not qualify as controls for the analysis (Fig. 2).

Of the 268 SARI patients included in the analysis, 170 (63%)
were vaccinated against influenza >14 days before the onset of
the SARI symptoms. Only one patient was vaccinated <14 days
before the symptom onset. Thus, the vaccination coverage was
somewhat higher than in the target population (Table 1, Table 3).

Table 3 presents the background profiles of the cases and con-
trols each season. No systematic trends for differences between
them could be observed. During the first season, all but one of
the A strains were A/H1N1, and during the two other seasons, all
were A/H3N2. Twelve of the 70 influenza A cases were not found
in the NIDR; 9 because the sample was taken by the study nurse
and not by the hospital and 3 because the positive finding at the
hospital laboratory was not recorded in the NIDR. Two additional
influenza A positive cases were detected at the hospital and
reported into the NIDR but remained negative in further analyses
at the THL laboratory. Thus, the estimated sensitivity of the NIDR
data was 83% (58/70) and specificity 99% (false positives 2/total
negatives 198) in detecting influenza among hospitalized elderly,
compared to the actual test results. Of the 198 samples obtained
by the hospital clinicians, 97% were PCR-based and only 3% were
antigen-based. The hospital clinicians sampled 62% of the vacci-
nated and 65% of unvaccinated study participants.

The crude and adjusted IVE estimates are given in Table 4. Dur-
ing the study seasons 2015/16, 2016/17 and 2017/18, the adjusted
estimates were 82% (95% confidence interval (CI) 26, 96), 21% (-
179, 77) and 15% (-113, 66), respectively.

3.2. Results of the sub-study 2 - register based case-control study

A total of 21 375 hospital episodes were identified in the HILMO
register for the source population during the study seasons. 17 991
of these were defined as inpatient hospitalizations, from which 3



Table 3
Clinical characteristics of hospitalized cases and controls in the register-based case-control study and active test-negative design (TND) study by analysis and season.

Characteristics All hospitalizations Acute hospitalizations SARI hospitalizations TND-like study Acute TND study

2015/16 season Cases Controls Pa Cases Controls Pa Cases Controls Pa Cases Controls Pa Cases Controls Pa

Total number 50 2541 34 1616 30 382 26 366 19 61
Sex, male 34

(68%)
1195
(47%)

0.003 22
(65%)

754
(47%)

0.037 19 (63%) 190
(50%)

0.152 17 (65%) 187
(51%)

0.159 13 (68%) 25
(41%)

0.037

Age, median 75 78 0.005 74 79 0.012 76 80 0.013 76 80 0.057 73 81 0.004
Chronic conditions 34

(68%)
1463
(58%)

0.139 23 (68%) 921
(57%)

0.214 21 (70%) 224
(59%)

0.222 20 (77%) 218
(60%)

0.080 16/16(100%) 58
(95%)

0.366

Hospital nights 5 yearsb 3 3 0.656 3 3.5 0.012 3 4 0.191 3 4 0.382 NA NA NA
Vaccinated last season 13

(26%)
1036
(41%)

0.035 9
(27%)

671
(42%)

0.078 8
(27%)

167
(44%)

0.069 7
(27%)

163
(45%)

0.080 5/17
(29%)

34/54
(63%)

0.015

Vaccinated this season 12
(24%)

983
(39%)

0.034 8
(24%)

628
(39%)

0.069 7
(23%)

154
(40%)

0.066 6
(23%)

148
(40%)

0.080 6
(32%)

40
(66%)

0.009

2016/17 season
Total number 201 3188 135 2108 126 525 115 488 20 50
Sex, male 80

(40%)
1444
(45%)

0.129 52
(39%)

917
(44%)

0.257 50
(40%)

273
(52%)

0.013 45
(39%)

257
(53%)

0.009 9
(45%)

29
(58%)

0.324

Age, median 84 78 <0.001 84 80 <0.001 84 81 0.005 84 80.5 0.011 80.5 75 0.431
Chronic conditions 111

(55%)
1800
(57%)

0.731 71
(53%)

1143
(54%)

0.713 65
(52%)

292
(56%)

0.414 60
(52%)

279
(57%)

0.331 18
(90%)

48
(96%)

0.329

Hospital nights 5 yearsb 4 3 0.009 4 3 <0.001 4 4 0.496 4 4 0.395 NA NA NA
Vaccinated last season 77

(38%)
1383
(43%)

0.159 53
(39%)

874
(42%)

0.615 50
(40%)

235
(45%)

0.302 44
(38%)

221
(45%)

0.172 12
(60%)

29
(58%)

0.878

Vaccinated this season 64
(32%)

1213
(38%)

0.078 44
(33%)

749
(36%)

0.489 40
(32%)

198
(38%)

0.212 36
(31%)

190
(39%)

0.128 11
(55%)

31
(62%)

0.589

2017/18 season
Total number 205 4236 146 2911 135 563 135 561 31 87
Sex, male 83

(41%)
1806
(43%)

0.544 61
(42%)

1192
(41%)

0.842 58
(43%)

255
(45%)

0.625 58
(43%)

255
(46%)

0.601 12
(39%)

36
(41%)

0.795

Age, median 83 78 <0.001 83.5 80 <0.001 83 81 0.019 83 81 0.020 82 79 0.971
Chronic conditions 119

(58%)
2401/4235 (57%) 0.702 81

(56%)
1595
(55%)

0.871 75
(56%)

340
(60%)

0.304 75
(56%)

339
(60%)

0.301 29/29
(100%)

82/86
(95%)

0.237

Hospital nights 5 yearsb 3 3 0.761 3 3 <0.001 3 4 <0.001 3 4 <0.001 NA NA NA
Vaccinated last season 94

(46%)
1827/4235
(43%)

0.444 72
(49%)

1213
(42%)

0.068 66
(49%)

254
(45%)

0.429 66
(49%)

255
(46%)

0.472 19/28
(68%)

59/85
(69%)

0.877

Vaccinated this season 89
(43%)

1739
(41%)

0.502 72
(49%)

1145
(39%)

0.016 67
(50%)

239
(43%)

0.131 67
(50%)

241
(43%)

0.161 21
(68%)

61
(70%)

0.805

a Statistical significance of difference between groups shown as the p-value. Distributions of continuous variable were compared between cases and controls with Mann-Whitney’s U test. Categorical variables were compared
with Pearson’s chi-squared test. bNights spent in hospital during past 5 years, median. Denominators added if different from the total number of cases/controls because of missing data.
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Table 4
Influenza vaccine effectiveness calculated in four analysis sets in the register-based case-control study, in the active test-negative design (TND) study and in the register-based
cohort study during the epidemic seasons 2015/16, 2016/17 and 2017/18.

Vaccinated Unvaccinated

Season Analysis N Cases Controls Cases Controls Crude IVE, 95% Cl (%) Adjusted IVE, 95% Cl
(%)

2015/16 All hospitalizations 2591 12 983 38 1558 50 (4, 74) 47 (-16, 76)
Acute hospitalizations 1650 8 628 26 988 52 (-8, 78) 50 (-28, 81)
SARI hospitalizations 412 7 154 23 228 55 (-8, 81) 50 (-40, 83)
TND-like study 392 6 148 20 218 56 (-13, 83) 52 (-48, 84)
Active TND study 80 6 40 13 21 76 (27, 92) 82 (26, 96)a

Cases Attack rateb Cases Attack rateb

Cohort study 38464 13 124 43 200 58 (22, 78) 48 (-9, 75)

2016/17 All hospitalizations 3389 64 1213 137 1973 24 (-3, 44) 11 (-29, 39)
Acute hospitalizations 2243 44 747 91 1361 12 (-27, 39) 10 (-42,43)
SARI hospitalizations 651 39 197 87 328 23 (-16, 49) 22 (-28, 52)
TND-like study 603 36 190 79 298 29 (-10, 54) 29 (-20, 58)
Active TND study 70 11 31 9 19 25 (-114, 74) 21 (-179, 77)a

Cases Attack rateb Cases Attack rateb

Cohort study 39619 71 421 170 767 43 (25, 57) 29 (1, 49)

2017/18 All hospitalizations 4441 89 1739 116 2497 �10 (-46, 17) 1 (-40, 30)
Acute hospitalizations 3057 72 1144 74 1767 �50 (-109, �8) �27 (-91, 15)
SARI hospitalizations 698 67 239 68 324 �34 (-95, 8) �24 (-102, 24)
TND-like study 696 67 241 68 320 �31 (-91, 10) �20 (-95, 26)
Active TND study 118 21 61 10 26 11 (-116, 63) 15 (-113, 66)a

Cases Attack rateb Cases Attack rateb

Cohort study 37771 96 584 128 617 5 (-24, 27) 13 (-21, 37)

The influenza vaccine effectiveness (IVE) was calculated in the register-based case-control and TND studies as 1-odds ratio (OR) and in the cohort study as 1-ratio comparing
the hazard of the outcome influenza A in vaccinated to that in the unvaccinated. 95% CI, 95% confidence interval. The estimates of register-based analyses are adjusted for age,
sex, time, one-year vaccination history, presence of underlying chronic conditions, and nights hospitalized in the past five years. aThe estimates for the hospital-based TND
study are adjusted for age, sex, and time only. Age, 65–69, 70–74, 75–79, 80–84 or �85 years at the start of the symptoms or at hospitalization. Time, three phases of the
epidemic according to the number of cases (25%, 50% and 25%) in each. bThe attack rate is presented as the cumulative risk at the end of the study period multiplied by
1e + 05.
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188 were excluded from all analyses for reasons shown in Fig. 3.
After exclusions for the specific analyses, 10 421, 6 950, 1 761
and 1 691 subjects were selected for our four respective analyses
(Fig. 3, Table 2).

Clinical characteristics of cases and controls by analysis and
season are shown in Table 3. For all analyses and seasons (except
‘’TND-like study’’ 2015/16), cases and controls were statistically
significantly different by age. In 2015/16 cases were younger and
the last two seasons, cases were older than controls. The groups
were also statistically different in most of the analyses regarding
the history of previous hospital nights within 5 years. Although
in some analyses, cases had more previous hospital nights, in other
analyses they had less, so there was no clear trend. Other variables
also showed statistical difference between cases and controls in
some analyses (Table 3).

Table 4 shows the crude and adjusted IVE estimates with CIs for
different variations of case and control definitions in the register-
based case-control study. For season 2015/16, adjusted IVE esti-
mates ranged from 47% to 52%. 2016/17 estimates ranged from
10% to 29%. 2017/18 estimates ranged from �27% to 1%. None of
the estimates were significantly different from 0% at the 5% signif-
icance level.
3.3. Results of the sub-study 3 - cohort

During the three study seasons 2015–18, after excluding sub-
jects who moved out from the study site, the final cohort sizes ran-
ged from 37 771 to 39 619 per season. Each season, 44% of study
population was vaccinated. The attack rates and crude and
adjusted IVE estimates for inpatient LCI-A are shown in Table 4.
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Adjusted IVE estimates were 48% (-9, 75) in 2015/16, 29% (1, 49)
in 2016/17 and 13% (-21, 37) in 2017/18.

3.4. Comparison of the IVE estimates retrieved from the sub-studies

The IVE estimates for all designs and analyses tended to be
quite similar. The IVE varied between the seasons more than
between the study designs (Table 4). None of the designs gave sys-
tematically higher or lower estimates than others. In season
2015/16, the active TND estimated the IVE slightly higher than
the two other designs, but this was not the case for other seasons.
The register-based case-control design estimated the IVE slightly
lower than TND and cohort designs in the season 2017/18, but this
trend was not clearly seen during other seasons. Of register-based
case-control analyses, ‘’TND-like study’’ tended to produce closer
estimates to the active TND than analyses with a broader spectrum
of hospital controls, although this was not very clear, and the esti-
mates were close to the active TND in season 2016/17 only.

Adjustment did not considerably change the IVE estimates or
their concordance. With a few exceptions, adjustment tended to
slightly move the IVE estimate towards zero. Only a few of the
analyses had enough power to give statistically significant esti-
mates, although cohort study produced the narrowest confidence
intervals.
4. Discussion

The three different study designs, active hospital-based test-
negative design, register-based population-based cohort design
and register-based hospital-based case-control design, produced
mostly similar results in estimating the IVE against influenza A
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in three epidemiologic seasons 2015–2018. The IVE estimates dif-
fered more by season than by study design. The register-based
cohort design yielded most precise estimates and produced results
more concordant with the active test-negative design than the
case-control design.

With a few exceptions, our results were in line with pooled
European TND study results for IVE against hospitalized influenza
A, published by the I-MOVE + project, which were in consecutive
order 42 (22–54), 17 (1–31) and 24 (2–40) [13–15]. North Ameri-
can results were similar as well [16–18]. Also, results of the previ-
ously published cohort study conducted with the same design and
comprising all residents�65 years old from Finland were very sim-
ilar: 48 (41–51), 24 (19–28) and 16 (12,19) during the three study
seasons [5]. These estimates with narrow confidence intervals sup-
port the cohort study estimates in the current study setting. Season
2015/16 was dominated by A(H1N1)pdm09 which has been asso-
ciated with better IVE in the elderly than A(H3N2) which domi-
nated during seasons 2016/17 and 2017/18. This explains the
drop in IVE estimates between the first season and others. Sug-
gested potential reasons for the lower protection especially against
H3N2 in the elderly are mismatch between the circulating virus
and the vaccine virus due to genetic drift and egg propagation,
waning immunity, other complex host immunity issues and prior
vaccinations [19].

The test-negative design is a relatively new, but nowadays a
standard method used globally in studying IVE. Its theoretical basis
has been well studied and validated for measuring influenza under
several assumptions [20]. It is designed to minimize the effect of
healthcare seeking behavior. Also, testing everyone for the out-
come in a standardized manner reduces misclassification bias.
However, it has been shown that the method does not necessarily
remove selection or confounding by healthcare seeking completely
and might create selection bias by limiting the study population
only for subjects having been tested [21,22].

While active prospective TND studies are easier to conduct than
active prospective cohort studies, they can still be logistically chal-
lenging and resource demanding, especially in countries like Fin-
land where the IVE estimation is not integrated into the routine
virological surveillance. It requires a lot of work with the patient
enrolment and typically multiple study sites to recruit enough par-
ticipants for statistical power and to be geographically and epi-
demiologically representative. Assessment of strain and product
specific IVE estimates is often limited or not possible due to inad-
equate sample size. In our TND sub-study, the strengths were
prospective, active hospital-based recruitment of patients and data
collection by study staff specifically dedicated and trained to the
study. Strict protocols were used for vaccination verification and
highly specific and sensitive RT-PCR tests were used for testing,
minimizing misclassification. The screening at the participating
wards was systematic. In addition to data collected from the
patients and/or their next of kin, all medical records of both hospi-
tals and those of municipal Tampere health care center were avail-
able. The two participating hospitals were the only ones in
Tampere and thus served the whole elderly population of the city,
increasing the generalizability to the source population. Main
weakness was the small sample size that restricted adjustment
for potential confounders and offered little statistical power. In
addition, our study had poor efficiency, because a major part of ini-
tially enrolled patients had to be excluded as shown in Fig. 2.

The register-based cohort design offers a feasible and cost-
effective way to produce seasonal IVE estimates. As described
above, the registers cover the whole population, so the cohort
can be defined as the whole source population. This removes selec-
tion bias and usually offers good statistical power due to a large
cohort size. The cohort design as a follow up study is the only
one that can directly estimate IVE as the relative reduction of infec-
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tion hazard. Like all observational studies the cohort study is at risk
for confounding bias. While adjusting for all known confounding
factors might not be possible in small studies, big sample size
offers possibility to adjust for many potential confounders. Differ-
ent strategies can be used for adjustment. Baum et al. have studied
this in Finnish setting and found a simple set of covariates that is
likely to produce almost unconfounded estimates [5]. In this study
we used the same covariates and would expect the residual con-
founding to be minimal as well.

Misclassification bias is another concern in register-based stud-
ies. Sources of possible misclassification are imperfect testing
methods, healthcare seeking behavior, swabbing policies and reg-
ister inaccuracies. In our study setting mostly PCR tests were used
with close to 100% specificity. Influenza testing in real-life condi-
tions is not as systematic as in the active TND study, and therefore,
some cases were missed. In our study, in total 9 additional cases
were discovered in the TND sub-study by the THL investigators,
the test being not obtained by the hospital prior to enrolment. This
lowers case detection, possibly equally for both vaccinated and
unvaccinated, potentially only slightly underestimating IVE,
depending on the outcome specificity. Misclassification due to
missed tests could be differential, if vaccinated patients would be
tested at different rate or their health seeking behavior would be
different to the unvaccinated. In our TND study material, vacci-
nated and unvaccinated were tested at the same rate by the hospi-
tal clinicians. Nevertheless, if vaccinated patients would be more
active in healthcare seeking, this would underestimate IVE.

The main concern in the register-based studies is information
bias due to wrong or missing records in the registers. Thus, we
expect exposure, outcome, and covariate misclassification. In our
study we found that, in total 83% of confirmed cases in TND sub-
study were found in the NIDR. Two false positives were found com-
pared to THL’s own retesting, but this was due to imperfect PCR
test specificity rather than an issue with the registers. This would
suggest good validity of the NIDR data.

Overall high outcome specificity would suggest low misclassifi-
cation bias, even if outcome sensitivity is non-differentially imper-
fect [23–25]. This should apply for our cohort study as well, since
cumulative risk for influenza during our study was small. Theoret-
ical methods have been developed to adjust for misclassification,
but we did not use such in this study [26].

Register-based case-control design offers another inexpensive
and easy way to estimate IVE. Compared to active TND design, it
also offers bigger sample sizes, improving statistical power and
possibilities to adjust for potential confounders. It is simple to
use different definitions for cases and controls with specifically
defined ICD codes to study the exact exposure and outcome of
interest. However, the registers don’t have direct information
about severity of chronic diseases or onset time of symptoms. NIDR
doesn’t include information about negative samples, so proper
test-negative design was not possible. Instead, we had to settle
for ‘’TND-like study’’ described above. This more classical case-
control design has also many weaknesses. Use of hospital-based
controls might induce selection bias if they don’t represent the
source population where cases arise. Controls from different spe-
cialties of hospital might be inherently different than cases [27].
A recent study Balasubramani et al. compared active and
register-based TND and found that the study populations differed
significantly and tended to produce difference in IVE estimates.
They concluded that the active designs estimates might be more
generalizable, probably due to selection and other types of bias
in register-based estimates [28]. In our study, the cases and con-
trols should have risen from the same source population since vir-
tually all inpatient care for Tampere residents is covered by the
national registers. In addition, the background characteristics did
not systematically differ between the cases and controls, except
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for age. However, it is possible that some of the difference in esti-
mates was due to selection bias, such as different health seeking
behavior of controls. We did not use matched pairing of cases
and controls which could have reduced bias. Confounding was
adjusted for the same variables as in the cohort analysis, but
adjustment had a minor effect on the results. Misclassification bias
discussed above should be comparable to that in the cohort sub-
study.

Overall, despite relatively large sample size in some analyses,
the confidence intervals were wide and overlapped with each
other. This could mean that all the differences found between the
analyses could be due to chance, and therefore, our results should
be considered descriptive in nature. Additionally, systematic bias
such as selection bias, misclassification or residual confounding
were likely to have affected our estimates. Also, not having a cate-
gory for partially vaccinated, could lead to slight underestimation
of the IVE in TND and case-control studies compared to the cohort
study.

This was the first study to directly compare register-based case-
control and routinely used cohort design with robustly designed
and conducted active TND in Finland. Although none of the sub-
studies had sufficient statistical power to give precise estimates,
we found reasonable consistence between the results of the com-
pared designs. In future, the accuracy of Finnish health register
data could be assessed more comprehensively by comparing the
exposure and outcome data in registers to all appropriate actively
collected IVE study data. In addition, we hope to get access to the
data of influenza sample taking, to be able to collect data on the
negative test results and to perform register-based TND studies
in the future. It should be noted that the sample of this study
was only elderly population. Comparisons made in this article
may differ in younger age groups.

In conclusion, active hospital-based TND study and register-
based, population-based cohort studies produced results compara-
ble with each other and with other European studies. Furthermore
register-based cohort design yielded most precise estimates with
narrower confidence intervals. Register-based case-control design
did not perform quite as well. This study further supports the
use of register-based cohort design in Finland as routine estimation
of IVE, since it requires a lot less effort compared to active studies
and gives IVE estimates that are comparable to those observed in
an active TND study.
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