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Abstract
BACKGROUND The relative vaccine effectiveness (rVE) of high-dose quadrivalent influ-

enza vaccines (QIV-HD) versus standard-dose quadrivalent influenza vaccines (QIV-SD)

against hospitalizations and mortality in the general older population has not been evalu-

ated in an individually randomized trial. Because of the large sample size required, such

a trial will need to incorporate innovative, pragmatic elements.

METHODS We conducted a pragmatic, open-label, active-controlled, randomized feasi-

bility trial in Danish citizens aged 65 to 79 years during the 2021–2022 influenza season.

Participants were randomly assigned 1:1 to receive QIV-HD or QIV-SD. Randomization

was integrated into routine vaccination practice, and the trial relied solely on nationwide

administrative health registries for data collection. Outcomes consisted of a feasibility

assessment and descriptive rVE estimates.

RESULTS We invited 34,000 persons to participate. A total of 12,477 randomly assigned

participants were included in the final analyses. Mean (–SD) age was 71.7–3.9 years, and

5877 (47.1%) were women. Registry-based data collection was feasible, with complete

follow-up data for 99.9% of participants. Baseline characteristics were comparable to

those of the overall Danish population aged 65 to 79 years. The incidence of hospitaliza-

tion for influenza or pneumonia was 10 (0.2%) of 6245 in the QIV-HD group and

28 (0.4%) of 6232 in the QIV-SD group (rVE, 64.4%; 95% confidence interval, 24.4 to

84.6). All-cause death occurred in 21 (0.3%) and 41 (0.7%) participants in the QIV-HD

and QIV-SD groups, respectively (rVE, 48.9%; 95% confidence interval, 11.5 to 71.3).

CONCLUSIONS Conducting a pragmatic randomized trial of QIV-HD versus QIV-SD

using existing infrastructure and registry-based data collection was feasible. The findings

of lower incidence of hospitalization for influenza or pneumonia and all-cause mortality in
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the QIV-HD group compared with the QIV-SD group

require replication in a future, fully powered trial. (Funded

by Sanofi; ClinicalTrials.gov number, NCT05048589.)

Introduction

I nfluenza vaccination effectively reduces the inci-
dence of influenza infection and influenza-related
morbidity and mortality,1-3 and annual vaccination of

persons aged 65 years and older as well as other high-risk
groups is widely recommended.4,5 In a prior randomized
trial, high-dose (HD) trivalent influenza vaccine reduced
the incidence of laboratory-confirmed influenza illness by
an additional 24.2% compared with standard-dose trivalent
influenza vaccine,6 and recent meta-analyses have similarly
suggested consistent benefits in the relative effectiveness
(rVE) of HD influenza vaccines compared with standard-dose
vaccines.7,8 HD quadrivalent influenza vaccines (QIV-HD)
are approved for use in persons 60 or 65 years of age and
older, depending on the country, but are not yet widely
implemented. Currently, there is no clinically directive evi-
dence from an individually randomized trial that has evalu-
ated the rVE of QIV-HD versus standard-dose quadrivalent
influenza vaccine (QIV-SD) against severe clinical out-
comes such as hospitalizations and mortality in the general
older population; such evidence would allow for an assess-
ment of the full public health value of QIV-HD. Because
such a trial would potentially require a sample size of more
than 200,000 participants,9 we designed the DANFLU-1
(Feasibility of Randomizing Danish Citizens Aged 65–79
Years to High-Dose Quadrivalent Influenza Vaccine vs.
Standard-Dose Quadrivalent Influenza Vaccine in a Prag-
matic Registry-Based Setting) trial to evaluate the feasibil-
ity of integrating an individually randomized study into
routine seasonal influenza vaccination practice and using
administrative health registries for data collection.

Methods

STUDY DESIGN

The trial design and organization have previously been
described in detail.10 In brief, the trial was conducted
during the 2021–2022 influenza season as a pragmatic,
open-label, active-controlled, randomized feasibility trial
organized with a central trial site located at a public univer-
sity hospital (Copenhagen University Hospital–Herlev and

Gentofte). The central site was responsible for overall study
conduct, registry data collection, and safety monitoring/
reporting. The trial was integrated into daily routine vaccina-
tion practice at more than 1000 decentralized vaccination
sessions across Denmark organized by a private vaccina-
tion provider (Danske Lægers Vaccinations Service, part of
European LifeCare Group). The private vaccination pro-
vider was responsible for recruitment, inclusion, randomi-
zation, and vaccination. The study was conducted during
the 2021–2022 Northern Hemisphere influenza season.

Approvals were obtained from the Regional Danish Com-
mittee on Biomedical Research Ethics (H-21035316) and
the Danish Medicines Agency (EudraCT no. 2021-003170-
31). The trial was conducted in accordance with the
Declaration of Helsinki and the International Council for
Harmonisation Good Clinical Practice guidelines. The
protocol is available with the statistical analysis plan as
supplementary material. Individual author contributions
are listed in the Supplementary Appendix (p. 2). The trial
was registered at ClinicalTrials.gov (NCT05048589) on
September 17, 2021.

PARTICIPANTS

The trial included persons between 65 and 79 years of
age, with the only exclusion criterion being allergy to the
vaccines used in the study. The upper age limit was set at
79 years to avoid ethical concerns because, at the time the
study was designed, Danish citizens aged 80 years and
older were expected to be routinely offered QIV-HD in the
official Danish vaccination program. Vaccination personnel
evaluated potential contraindications (e.g., concurrent in-
fection) as part of routine practice at the vaccination visit.
All participants provided written informed consent.

Participants were recruited through the vaccination provi-
der’s database of prior vaccinees and web-based advertis-
ing. The trial aimed to recruit 40,000 participants. The
projected sample size was chosen to stress the study infra-
structure sufficiently to assess the feasibility of the design
for a potential definitive trial. The trial was not powered
for the evaluation of clinical outcomes.

RANDOMIZATION

Participants were randomly assigned 1:1 to receive QIV-
HD or QIV-SD using centralized computerized blocked
randomization. The trial was open-label; clinical outcomes
were assessed using prespecified registry-based definitions
to minimize the risk of ascertainment bias.
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TRIAL PROCEDURES

QIV-HD (Fluzone High-Dose Quadrivalent [United States
and Canada]/Efluelda [Europe]; Sanofi) contained 60 mg
of hemagglutinin antigen for each strain. QIV-SD con-
tained 15 mg of hemagglutinin antigen for each strain.
QIV-HD and QIV-SD contained the same four strains as
recommended by the World Health Organization for the
2021–2022 Northern Hemisphere influenza season. For
pragmatic reasons, the study protocol allowed for any
QIV-SD to be used as a comparator in the study. Due to vac-
cine purchase decisions made by the Danish health authori-
ties, all administered QIV-SD were Influvac Tetra (Viatris).

Initial data collection was performed by the vaccination pro-
vider, who subsequently transferred identifying information,
signed informed consent, randomization group, and details
of the administered vaccine to the central trial site. Through
upload of the participants’ social security numbers to the
Danish Health Data Authority, participants were linked to
the Danish nationwide administrative health registries con-
taining data on all contacts and procedures in the Danish
public health system.11 The registries are described in detail
in the Supplementary Appendix (p. 3 and 4).

International Classification of Diseases, 10th Edition, and
Anatomical Therapeutic Chemical codes were used to
define baseline conditions, medication use, and outcomes.
All definitions were prespecified and are reported in
Tables S1 to S3. A look-back period of 10 years was used
for baseline conditions. Participants were observed for
clinical outcomes from 14 days after vaccination until May
31, 2022. The 14-day period was in place to allow for a suf-
ficient immune response to the vaccines.

OUTCOMES

The primary outcome was feasibility. Feasibility was eval-
uated on the basis of an overall assessment of obtainment
of approvals, recruitment rate, randomization agreement,
comparability of the trial population to the overall Danish
population aged 65 to 79 years, and reliability with regard
to the registry-based obtainment of baseline characteris-
tics, safety events, and clinical end points.

The end points of hospitalization for pneumonia or influ-
enza, hospitalization for respiratory disease, and hospitaliza-
tion for cardiorespiratory disease were only to be reported
in the case of adequate influenza circulation during the
2021–2022 influenza season, a feature introduced as a result
of uncertainty regarding influenza circulation during the

Covid-19 pandemic. For this purpose, an influenza circula-
tion threshold was prespecified in the statistical analysis
plan at 4 or more weeks (consecutive or nonconsecutive) of
10% or more influenza test positivity in national Danish sur-
veillance data. The remaining end points (hospitalization for
cardiovascular disease, hospitalization for any cause, all-
cause mortality, and hospitalization for Covid-19) were to
be assessed regardless of influenza circulation.

For safety assessment, only serious adverse events (SAEs),
defined in this pragmatic trial as deaths and hospitaliza-
tions, were recorded. There is a large body of evidence
regarding nonserious adverse events with HD versus
standard-dose influenza vaccines,12-14 and such events
were not registered in this trial. All participants were
screened for the occurrence of any SAEs once at approxi-
mately 3 months after vaccination. Participants who died
or had at least one hospital contact of any type, including
in the inpatient, emergency, or outpatient settings, were
identified using the administrative health registries and
subsequently evaluated through electronic medical record
review by investigators at the central trial site, including
causality assessment.

STATISTICAL ANALYSIS

Baseline characteristics were summarized according to ran-
domization group. October 1, 2021, was used as the index
date for the assessment of characteristics for the overall
Danish population aged 65 to 79 years. For the comparison
of baseline characteristics between the trial population and
the overall Danish population, absolute differences in pro-
portions were calculated and presented along with 95%
confidence intervals (CIs). For the comparison of event
rates between the trial population and the overall Danish
population, events in the overall Danish population were
counted from October 15, 2021 (corresponding to the first
day of the vaccination period plus 14 days), to May 31, 2022
(corresponding to the end of follow-up). Analyses of clinical
outcomes were conducted using the intention-to-treat prin-
ciple. For the primary analyses, only first events were
counted. The total number of events was also assessed. rVE
was calculated as 1 minus the relative risk of the specified
outcome among those receiving QIV-HD versus QIV-SD
and expressed as a percentage. CIs for rVE estimates were
calculated using the Clopper–Pearson method.15

In a sensitivity analysis, all clinical outcomes, other than
all-cause death, were analyzed using competing risk
regression with death as competing risk. An additional
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sensitivity analysis was performed considering all events
from the time of randomization, rather than from 14 days
after randomization.

No adjustments for multiplicity were prespecified, and CIs
have not been adjusted for multiple comparisons. For the
comparison of SAEs across groups, the threshold for statis-
tical significance was set at 5%. Statistical analysis was
performed with the use of SAS software version 9.4 (SAS
Institute, Inc.) and Stata MP version 17.0 (StataCorp).

ROLE OF THE FUNDING SOURCE

Sanofi funded the study and provided the QIV-HD doses
along with a financial contribution covering remaining
expenses. The protocol was codeveloped with the funder.
The legal sponsor of the trial was Copenhagen University
Hospital–Herlev and Gentofte. Sanofi had no access to
raw data but was involved in the interpretation of the sum-
marized results and the preparation and review of the
manuscript.

Results

ENROLLMENT, RANDOMIZATION, AND VACCINATION

Participants were included from October 1, 2021, to
November 20, 2021. In total, 34,000 persons aged 65 to
79 years were invited to participate, 12,551 of whom were
included and randomly assigned, corresponding to a par-
ticipation rate of 36.9%. At nine vaccination sessions (of a
total 1102 sessions), trial personnel mistakenly attempted
to recruit participants who had no prior knowledge of the
trial. This was a violation of the protocol’s recruitment
procedure and, therefore, the information given to partici-
pants included at these sessions before consent was subse-
quently judged as insufficient by the regional ethics
committee. These participants were given an explicit
option to withdraw from the trial, and 72 of 342 such parti-
cipants chose to do so. In addition, two randomly assigned
participants did not meet the age inclusion criterion and
were excluded, leaving 12,477 participants for analysis:
6245 in the QIV-HD group and 6232 in the QIV-SD group
(Fig. 1). Agreement between randomized assignment and
administered vaccine was 99.95% in the QIV-HD group
(three received QIV-SD) and 99.90% in the QIV-SD group
(six received QIV-HD). All QIV-SD administered in the
trial were Influvac Tetra (Viatris). The final study database
was assembled on June 15, 2022.

BASELINE CHARACTERISTICS

Registry linkage was successful for all but four partici-
pants. Baseline characteristics were balanced across ran-
domization groups (Table 1). In the entire trial population,
mean (–SD) age was 71.7–3.9 years; 5877 participants
(47.1%) were women; and 850 (6.8%) had chronic lung
disease, 1363 (10.9%) cancer, 962 (7.7%) ischemic heart
disease, 275 (2.2%) heart failure, 1162 (9.3%) diabetes,
and 6469 (51.9%) hypertension.

The representativeness of the trial population compared
with the overall Danish general population aged 65 to
79 years is presented in Table 2 and Table S4. Most
comorbidities and medication use were more frequent in
the general population; however, the prevalence of cancer
and chronic lung disease and the use of inhaled glucocor-
ticoids were similar between groups.

CLINICAL OUTCOMES

Four participants, two from each randomization group,
emigrated during the follow-up period; any hospitaliza-
tions or deaths occurring in these participants, as well as
in the four participants with unsuccessful registry linkage,
would therefore not be expected to be recorded in the
Danish registries. Complete follow-up data were available
for more than 99.9% of participants.

The influenza circulation threshold was met with 6 weeks
of 10% or more influenza test positivity in national Danish
surveillance data during the 2021–2022 influenza season,16

allowing for analysis of all clinical outcomes (Table 3).
The incidence of hospitalization for influenza or pneumo-
nia was 10 (0.2%) of 6245 in the QIV-HD group and 28
(0.4%) of 6232 in the QIV-SD group (rVE, 64.4%; 95% CI,
24.4 to 84.6). The incidence of all-cause mortality was
21 (0.3%) of 6245 in the QIV-HD group and 41 (0.7%) of
6232 in the QIV-SD group (rVE, 48.9%; 95% CI, 11.5 to
71.3). The incidence of the remaining end points was simi-
lar between groups. The numerical difference in the inci-
dence of hospitalization for cardiorespiratory disease was
driven solely by respiratory hospitalizations. The total num-
ber of events for each end point is presented in Table S5.
The results were similar when accounting for death as a
competing risk (Table S6) and when considering all events
occurring from the time of randomization rather than from
14 days after randomization (Table S7).

A comparison of event rates between the trial population
and the overall Danish population is given in Table 2.
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Incidence rates were between 12% and 68% lower in the
trial population, with the largest difference found in all-
cause death.

SAFETY

During the 3-month safety surveillance period, a total of 945
SAEs were observed: 452 in the QIV-HD group and 493 in
the QIV-SD group (Table 4). More cardiovascular SAEs were
observed in the QIV-SD group. Five SAEs were considered
related to study treatment, one in the QIV-HD group and
four in the QIV-SD group. Twenty-one fatal SAEs were
observed, none of which was deemed related to study treat-
ment (most frequent causes of death: cardiovascular [n510],
cancer [n53], Covid-19 [n53], and pneumonia [n53]).

Discussion
In this pragmatic randomized feasibility trial, we enrolled
more than 12,000 patients in 7 weeks. The number of

enrolled participants was lower than the planned sample
size of 40,000, one possible reason being delays in the
obtainment of regulatory approvals, which meant that
recruitment was initiated only 7 days before the start of
the influenza vaccination period. The participation rate of
approximately 37% was encouraging when considering
that approximately 17% of the Danish population aged
65 years and older (200,000 of 1.2 million) would have to
be enrolled in a potential fully powered trial to meet the
sample size requirement.9 Registry-based data collection
and linkage were feasible, and they allowed for the accu-
rate and timely assessment of baseline characteristics,
outcomes, and safety during the conduct of the trial with
complete follow-up data available for more than 99.9% of
participants. The trial design enabled successful randomi-
zation between treatment groups, as well as assessment of
the representativeness of the trial population compared
with the general population on the basis of both baseline
characteristics and outcome incidence rates. This trial was
not powered to assess clinical outcomes. Our findings of a

 34,000 Persons aged 65–79 years invited to
participate by email/letter

12,551 Consented and
were randomly assigned

6281 Randomly assigned to QIV-HD

2 Had unsuccessful registry linkage
2 Emigrated during follow-up period

2 Had unsuccessful registry linkage
2 Emigrated during follow-up period

36 Were excluded 
35 Were not sufficiently

informed and
withdrew

1 Did not meet the
age inclusion
criterion

38 Were excluded
37 Were not sufficiently

informed and
withdrew

1 Did not meet the
age inclusion
criterion

6270 Randomly assigned to QIV-SD

6232 Included in final analyses
6226 Received QIV-SD

6 Received QIV-HD

6245 Included in final analyses
6242 Received QIV-HD

3 Received QIV-SD

Figure 1. Flowchart of Trial Enrollment.
Flowchart of invitation, enrollment, and randomization. At nine vaccination sessions, the information given to participants before
consent was subsequently judged as insufficient by the regional ethics committee. Participants included at these sessions were given an
explicit option to withdraw from the trial and, subsequently, 72 of 342 such participants chose to do so. QIV-HD denotes high-dose
quadrivalent influenza vaccine; and QIV-SD, standard-dose quadrivalent influenza vaccine.
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lower incidence of hospitalization for influenza or pneu-
monia and all-cause mortality in the QIV-HD group com-
pared with the QIV-SD group require confirmation in a
fully powered trial.

This individually randomized trial was conducted relying
solely on the nationwide Danish administrative health regis-
tries for the collection of baseline, outcome, and safety data.
By integrating the gold standard of randomization into rou-
tine vaccination practice, it was possible to efficiently con-
duct a large-scale randomized trial in a real-world setting.
Given the high costs and regulatory requirements of
conducting traditional randomized trials,17,18 pragmatic
approaches are important to consider. In addition, such

approaches may increase external validity by potentially
improving the representativeness of trial populations relative
to traditional clinical trials.

The use of health data routinely obtained in a universal
public health care system and captured in administrative
registries as the primary data source in randomized trials
has several advantages: it increases the feasibility of con-
ducting large-scale trials by reducing the administrative
burden placed on investigators, minimizes loss to follow-
up, and facilitates streamlined trial design.19,20 Using
prespecified definitions that are based on administrative
coding may improve consistency and reduce ascertainment
bias in the assessment of baseline characteristics and out-
comes, and allows for a comparison of the trial population
with the corresponding real-world population using the
same definitions, facilitating the process of assessing the
external validity of a trial. Although the use of routine
health data can also pose substantial risks, including mis-
classification and underreporting, these risks would be
expected to be equally distributed across randomized
arms.19 The Danish administrative health registries have
been widely used for observational studies and are gener-
ally well validated, in particular within the cardiovascular
domain where most incident events have positive predictive
values of more than 90%21; however, even within the cardio-
vascular domain, the heart failure diagnosis has previously
been shown to be underreported.22 Additional validation
work is warranted to examine how the registries perform
as the primary data source in a randomized trial setting.

Baseline characteristics were similar between the trial
population and the overall Danish population, supporting
the generalizability of the findings. End point incidence
rates were between 12% and 68% lower in the trial popu-
lation, which may be explained, in part, by a 100% vacci-
nation rate in the trial population compared with 77.8% in
the general Danish population aged 65 to 81 years.23 In
addition, recruiting individuals already seeking vaccina-
tion may have introduced a healthy user effect, as indivi-
duals accepting vaccination may be healthier and exhibit
different patterns of health care–seeking behavior (e.g.,
increased use of preventive care) than nonvaccinees24;
however, these data provide an estimate for the generaliz-
ability of the findings and may be used to adjust expected
event rates calculated from registry data for future trials.
Other studies have made similar comparisons to registry
populations and excluded patients25-27; however, their
results are not directly comparable to ours because of very
different trial populations and designs.

Table 1. Baseline Characteristics According to Randomization Group.*

Characteristic
QIV-HD
(n56245)

QIV-SD
(n56232)

Age (yr) 71.8–3.9 71.7–3.9

Female sex 2956 (47.3) 2921 (46.9)

Inclusion week (during 2021)

October 1–October 7 3864 (61.9) 3847 (61.7)

October 8–October 14 1708 (27.4) 1703 (27.3)

October 15–October 21 471 (7.5) 475 (7.6)

October 22–October 28 99 (1.6) 103 (1.7)

October 29–November 4 63 (1.0) 67 (1.1)

November 5–November 11 25 (0.4) 23 (0.4)

November 11–November 18 14 (0.2) 13 (0.2)

November 19–November 25 1 (0.0) 1 (0.0)

Chronic cardiovascular disease 1227 (19.7) 1313 (21.1)

Ischemic heart disease 450 (7.2) 512 (8.2)

Heart failure 137 (2.2) 138 (2.2)

Atrial fibrillation 458 (7.3) 420 (6.7)

Cerebrovascular disease 219 (3.5) 237 (3.8)

Hypertension 3254 (52.1) 3215 (51.6)

Diabetes 574 (9.2) 588 (9.4)

Chronic lung disease 435 (7.0) 415 (6.7)

Chronic obstructive pulmonary disease 227 (3.6) 190 (3.0)

Cancer 695 (11.1) 668 (10.7)

Immunodeficiency 244 (3.9) 239 (3.8)

* Values are presented as the mean (–SD) or no. (%). Four
participants, two in each arm, had unsuccessful registry linkage and
therefore only have available data for age, sex, and inclusion week.
These participants do not count toward the denominator for the
remaining baseline variables. Chronic cardiovascular disease is a
composite of several cardiovascular diseases, including, but not
limited to, ischemic heart disease, heart failure, atrial fibrillation, and
cerebrovascular disease. The full list of International Classification
of Diseases, 10th Edition, and Anatomical Therapeutic Chemical
codes used for the definition of baseline characteristics is presented
in Table S1. QIV-HD denotes high-dose quadrivalent influenza
vaccine; and QIV-SD, standard-dose quadrivalent influenza vaccine.
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In our trial, the observed rVE point estimates for QIV-
HD compared with QIV-SD against hospitalization for
influenza or pneumonia and all-cause mortality were
large; however, the relatively wide CIs around the point

estimates reflect the fact that the study was not pow-
ered for these outcomes. These findings were compara-
ble to others found in the literature, however. In an
article examining SAE rates in the 2015 trial by

Table 2. Comparison of Baseline Characteristics and Event Rates between Trial Population and Overall Danish Population Aged 65 to 79 Years.*

Demographic, Comorbidity,
and Outcome

DANFLU-1 Population
(n512,477)

Overall Danish Population
Aged 65–79 Years (n5889,689)

Absolute Difference — Percentage
Points (95% CI)

Demographic characteristics

Female sex 5877 (47.1) 463,645 (52.1) 25.0 (25.9 to 24.1)

Age (yr) 71.7–3.9 72.2–4.2 20.4 (20.3 to 20.5)

Comorbidity

Chronic cardiovascular disease 2540 (20.4) 203,488 (22.9) 22.5 (23.2 to 21.8)

Ischemic heart disease 962 (7.7) 75,251 (8.5) 20.7 (21.2 to 20.3)

Myocardial infarction 306 (2.5) 25,299 (2.8) 20.4 (20.7 to 20.1)

Heart failure 275 (2.2) 26,632 (3.0) 20.8 (21.0 to 20.5)

Atrial fibrillation 878 (7.0) 68,663 (7.7) 20.7 (21.1 to 20.2)

Valvular disease 358 (2.9) 29,276 (3.3) 20.4 (20.7 to 20.1)

Cerebrovascular disease 456 (3.7) 51,402 (5.8) 22.1 (22.5 to 21.8)

Peripheral vascular disease 101 (0.8) 11,532 (1.3) 20.5 (20.6 to 20.3)

Hypertension 6469 (51.9) 497,413 (55.9) 24.0 (24.9 to 23.2)

Diabetes 1,162 (9.3) 117,852 (13.2) 23.9 (24.4 to 23.4)

Dyslipidemia 4528 (36.3) 340,286 (38.2) 21.9 (22.8 to 21.1)

Chronic lung disease 850 (6.8) 64,158 (7.2) 20.4 (20.8 to 0.0)

Chronic obstructive pulmonary disease 417 (3.3) 41,301 (4.6) 21.3 (21.6 to 21.0)

Asthma 442 (3.5) 24,322 (2.7) 0.8 (0.5 to 1.1)

Cancer 1363 (10.9) 96,498 (10.8) 0.1 (20.5 to 0.6)

Chronic kidney disease 275 (2.2) 24,315 (2.7) 20.5 (20.8 to 20.3)

Liver disease 140 (1.1) 13,185 (1.5) 20.4 (20.5 to 20.2)

Immunodeficiency 483 (3.9) 41,293 (4.6) 20.8 (21.1 to 20.4)

Neurologic/neuromuscular disease 225 (1.8) 32,956 (3.7) 21.9 (22.1 to 21.7)

Dementia 35 (0.3) 12,294 (1.4) 21.1 (21.2 to 21.0)

Rheumatic disease 213 (1.7) 18,482 (2.1) 20.4 (20.6 to 20.1)

DANFLU-1 Population
(n512,477)

Overall Danish Population
Aged 65–79 Years (n5889,689)

Incidence Rate
Ratio (95% CI)Events

Incidence Rate per
1000 Person-Years

(95% CI) Events

Incidence Rate per
1000 Person-Years

(95% CI)

Outcome

Hospitalization for influenza or pneumonia 38 (0.3) 5.0 (3.7 to 6.9) 6327 (0.7) 11.4 (11.2 to 11.7) 0.44 (0.31 to 0.61)

Hospitalization for respiratory disease 64 (0.5) 8.5 (6.7 to 10.9) 10,711 (1.2) 19.4 (19.0 to 19.8) 0.44 (0.34 to 0.56)

Hospitalization for cardiorespiratory disease 220 (1.8) 29.3 (25.7 to 33.5) 23,421 (2.6) 42.7 (42.2 to 43.3) 0.69 (0.60 to 0.78)

Hospitalization for cardiovascular disease 163 (1.3) 21.6 (18.5 to 25.2) 13,520 (1.5) 24.5 (24.1 to 25.0) 0.88 (0.75 to 1.03)

Hospitalization for Covid-19 27 (0.2) 3.6 (2.5 to 5.2) 3465 (0.4) 6.3 (6.1 to 6.5) 0.57 (0.38 to 0.83)

Hospitalization for any cause 1063 (8.5) 146.3 (137.7 to 155.4) 98,201 (11.0) 186.8 (185.7 to 188.0) 0.78 (0.74 to 0.83)

All-cause death 62 (0.5) 7.7 (6.0 to 9.9) 13,263 (1.5) 24.0 (23.5 to 24.4) 0.32 (0.24 to 0.41)

* Values are presented as the mean (–SD) or no. (%). Four DANFLU-1 (Standard-Dose Quadrivalent Influenza Vaccine in a Pragmatic Registry-Based
Setting) participants had unsuccessful registry linkage and therefore only have available data for age and sex. These participants do not count toward
the denominator for the remaining variables. For event rate calculations, only first events were counted. The widths of the confidence intervals (CIs)
have not been adjusted for multiplicity; therefore, the CIs should not be used to reject or not reject effects. Covid-19 denotes coronavirus disease
2019; QIV-HD, high-dose quadrivalent influenza vaccine; and QIV-SD, standard-dose quadrivalent influenza vaccine.
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DiazGranados et al.,12 a trivalent HD vaccine reduced
serious pneumonia by 39.8% (95% CI, 19.3 to 55.1) and
all-cause hospitalization by 6.9% (95% CI, 0.5 to 12.8)
compared with a trivalent standard-dose vaccine. These
effect sizes are comparable to those observed in our
study, with the previously reported 39.8% reduction in
serious pneumonia contained in the 95% CI for hospitali-
zation for influenza or pneumonia and the 6.9% reduction
in all-cause hospitalization matching the trend observed
in our trial. A recent meta-analysis of predominantly
observational studies showed consistently superior protec-
tion of HD versus standard-dose vaccines over 10 seasons
and in more than 34 million people.8

Another individually randomized trial that compared the
rVE of HD versus standard-dose vaccines against hospitali-
zations and mortality was the INVESTED (Influenza
Vaccine to Effectively Stop Cardio Thoracic Events and
Decompensated Heart Failure) trial.28 This trial investi-
gated the effect of a trivalent HD vaccine compared with
QIV-SD on a primary composite end point of all-cause
death or cardiopulmonary hospitalization in high-risk
patients with cardiovascular disease. No significant differ-
ence was found in the incidence of the primary end point
in a study population that differed substantially from our
general population sample. The IAMI (Influenza Vaccina-
tion After Myocardial Infarction) trial reported a 28%
reduction in the composite primary end point of all-cause
death, myocardial infarction, or stent thrombosis with
influenza vaccination versus placebo in a population of
mostly post–myocardial infarction patients.29 This conflicts
with our findings with regard to cardiovascular end points,
but our study was not powered for clinical outcomes and
compared two different vaccine types — a very different
comparison than evaluating vaccination against placebo.

Of interest, Danish influenza surveillance data for the
2021–2022 influenza season indicated no observable vac-
cine effectiveness against the circulating influenza A
(H3N2) strain with quadrivalent influenza vaccines in
adults older than age 45 years.30 Despite this trial not
being powered to assess clinical end points, our data still
suggest a possible benefit with QIV-HD compared with
QIV-SD during this influenza season, potentially support-
ing the previously proposed idea of nonspecific immuno-
modulatory effects of influenza vaccination independent
of the prevention of influenza infection.31,32

Table 3. Relative Vaccine Effectiveness for QIV-HD versus QIV-SD across Clinical Outcomes.*

Outcome

Events

rVEQIV-HD (n56245) QIV-SD (n56232)

Hospitalization for influenza or pneumonia 10 (0.2) 28 (0.4) 64.4 (24.4 to 84.6)

Hospitalization for respiratory disease 24 (0.4) 40 (0.6) 40.1 (21.8 to 65.5)

Hospitalization for cardiorespiratory disease 103 (1.6) 117 (1.9) 12.1 (215.5 to 33.3)

Hospitalization for cardiovascular disease 82 (1.3) 81 (1.3) 21.0 (239.1 to 26.6)

Hospitalization for Covid-19 15 (0.2) 12 (0.2) 224.7 (2191.9 to 45.5)

Hospitalization for any cause 513 (8.2) 550 (8.8) 6.9 (25.2 to 17.6)

All-cause death 21 (0.3) 41 (0.7) 48.9 (11.5 to 71.3)

* Values are presented as no. (%) or % (95% confidence interval). Only first events were counted. Relative vaccine effectiveness (rVE) was calculated
as 1 minus the relative risk of the specified outcome in the high-dose quadrivalent influenza vaccine (QIV-HD) group versus the standard-dose
quadrivalent influenza vaccine (QIV-SD) group. Confidence intervals for rVE estimates were calculated by using the Clopper–Pearson method. The
widths of the confidence intervals have not been adjusted for multiplicity; therefore, the confidence intervals should not be used to reject or not reject
effects. Covid-19 denotes coronavirus disease 2019.

Table 4. SAEs during the 3-Month Safety Surveillance Period According
to Vaccine Received.*

Event

Participants

P
QIV-HD
(n56248)

QIV-SD
(n56229)

Any SAE 373 (6.0) 405 (6.5) 0.22

Any cardiovascular SAE 63 (1.0) 87 (1.4) 0.047

Any respiratory SAE 24 (0.4) 26 (0.4) 0.77

Any gastrointestinal SAE 23 (0.4) 24 (0.4) 0.88

Any infection-related SAE 22 (0.4) 19 (0.3) 0.65

Any injury-related SAE 94 (1.5) 98 (1.6) 0.75

Fatal SAE 8 (0.1) 13 (0.2) 0.27

Any serious adverse reaction 1 (0.0) 4 (0.1) 0.18

* Values are presented as no. (%) of participants experiencing at least
one event. Comparisons between groups were performed by using
Pearson’s v2 test. QIV-HD denotes high-dose quadrivalent influenza
vaccine; QIV-SD, standard-dose quadrivalent influenza vaccine; and
SAE, serious adverse event.
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The current study has several potential limitations. First, it
was a feasibility study, which was not powered to assess
clinical outcomes and, therefore, the rVE estimates are
based on relatively few events. The observed reductions in
the incidence of hospitalization for influenza or pneumo-
nia and all-cause mortality among those vaccinated with
QIV-HD require confirmation in a larger, fully powered
trial with adequate control of type I error. Second, as a
result of the pragmatic nature of the trial, no systematic
laboratory testing for influenza was performed. Nonethe-
less, despite the absence of laboratory confirmation, by
virtue of randomization, any differences observed be-
tween groups can effectively be attributed to treatment.
Third, the trial was open-label; however, the outcomes of
hospitalizations and deaths may be less affected by knowl-
edge of treatment group assignment than more subjective
outcomes. Fourth, there was no adjudication of clinical
outcomes, which were based solely on administrative
health data; however, data from several large-scale cardio-
vascular trials and reviews indicate that adjudication
might not alter effect estimates from randomized
trials,33-37 and using routine health data might increase
the generalizability of the results. Fifth, no data on race
and/or ethnicity were available. Because the study was
conducted in Denmark, the study sample would be
expected to be predominantly White. Sixth, the trial was
conducted during only one influenza season, precluding
comparisons across multiple influenza seasons with dif-
ferent circulating strains or accounting for the possible dif-
ferential impact of Covid-19 restrictions. Seventh, the
vaccination provider’s database of prior vaccinees was
based on email addresses only and, therefore, no identifier
was available for us to distinguish the invitees in the regis-
tries and compare these with the recruited trial population.
We were able, however, to show the comparability of the
trial population to the overall Danish population in the
same age group.

Conclusions
Conducting a pragmatic randomized trial of QIV-HD ver-
sus QIV-SD using existing infrastructure for recruitment,
inclusion, randomization, and vaccination and relying
solely on registry-based data collection was feasible. The
findings of a lower incidence of hospitalization for influ-
enza or pneumonia and all-cause mortality in the QIV-HD
group compared with QIV-SD require confirmation in a
future fully powered trial.
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