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Abstract

Objectives: Morning influenza vaccination enhances antibody response. In this posthoc
analysis of the DANFLU-1 trial, we sought to evaluate the association between time of day
for vaccination (ToV) and outcomes, and whether ToV modified the relative effectiveness of
high-dose (QIV-HD) vs. standard-dose (QIV-SD) quadrivalent influenza vaccine. Methods:
DANFLU-1 was a pragmatic feasibility trial of QIV-HD vs. QIV-SD. Outcomes included
hospitalizations and mortality. For subgroup analysis, the population was dichotomized at
median ToV into two groups (early and late). Results: The study population included 12,477
participants. Mean age was 71.7 ==3.9 years with 5,877 (47.1%) female participants. Median
ToV was 11.29AM. Earlier ToV was associated with fewer respiratory hospitalizations
independent of vaccine type, which persisted in adjusted analysis (IRR 0.88 per 1-hour
decrement (95% CI1 0.78- 0.98, p=0.025). No effect modification by continuous or
dichotomous ToV was found. In subgroup analysis, effects consistently favored QIV-HD
against hospitalizations for pneumonia or influenza (early: IRR 0.30; late: 0.29), all-cause
hospitalizations (early: IRR 0.87; late: 0.86), and mortality (early: HR 0.53; late: 0.50).
Conclusion: In this exploratory post-hoc analysis, earlier ToV was associated with fewer
respiratory hospitalizations. The relative effectiveness of QIV-HD vs. QIV-SD was not
modified by ToV. Further research is needed to confirm findings.



Background

The circadian rhythmicity of the adaptive immune system is becoming an increasingly active
field of research.'? As a likely consequence of this phenomenon, previous studies have found
variations in antibody responses to influenza vaccination according to the time of day for
inoculation.>* Of note, several studies have demonstrated that morning vaccination is
associated with an increased antibody response compared with afternoon vaccination in older
adult populations.*> Importantly, increased response is linked with superior protective effect
against clinical outcomes.®’ Since older adults aged >65 years are at increased risk for severe
influenza-associated illness, hospitalization, and death compared with younger persons,®® and
additionally respond less well to influenza vaccination,'®!! the relationship between circadian
timing of influenza vaccination and clinical outcomes warrant further investigation.

In addition to timing of vaccination, high-dose influenza vaccine has been shown to induce a
higher serological response than standard-dose vaccine in older adults, yielding a response
similar to that of standard-dose vaccination in younger adults.'? As such, the high-dose
influenza vaccine, with four-times the antigen content of the standard-dose, has demonstrated
superior efficacy against lab-confirmed influenza infection,® as well as consistently improved
effectiveness against severe clinical outcomes.'?

The recent study titled Feasibility of randomizing Danish citizens aged 65-79 years to high-
dose quadrivalent influenza vaccine vs standard-dose quadrivalent influenza vaccine in a
pragmatic registry-based setting, or DANFLU-1 in short, was a pragmatic, open-label,
randomized feasibility trial of the relative effectiveness of high-dose quadrivalent influenza
vaccines (QIV-HD) vs. standard-dose quadrivalent influenza vaccines (QIV-SD) in adults

aged 65-79 years.'* In the trial, QIV-HD was associated with a lower incidence of
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hospitalizations for influenza or pneumonia, all-cause hospitalizations,'®> and all-cause
mortality compared with QIV-SD, which now remains to be replicated in a fully powered
randomized trial. Given that the clinical effect of high-dose influenza vaccines likely relies
upon an increased serological response, and considering that the time of day can influence the
serological response to influenza vaccination, it might be of interest to test whether this
timing effect also extends to the relative effectiveness of QIV-HD compared with QIV-SD.
In this post-hoc analysis of the DANFLU-1 trial, we therefore sought to investigate whether
time of day for vaccination (ToV) was associated with hospitalizations and mortality.
Furthermore, we sought to investigate whether ToV modified the effects of QIV-HD

compared with QIV-SD against clinical outcomes.



Methods

Study design and population

The study design and main results of the DANFLU-1 trial have been described in detail
elsewhere.!® The trial enrolled participants aged between 65-79 years regardless of medical
history; the only exclusion criterion was allergy toward the study vaccines. Enrolment of
participants was mediated by a private vaccination provider tasked with organising influenza
vaccination sessions as part of the Danish national vaccination programme. The study was
monitored by a central site which oversaw registry-based data collection and safety
monitoring. Presence of disease at baseline was obtained from the National Patient Registry
using International Classification of Diseases, 10th Edition, and Anatomical Therapeutic
Chemical codes. These codes are provided in the supplemental material of a prior
publication.!* Written informed consent was obtained from all participants. The trial was
registered at Clinicaltrials.gov: NCT05048589 and was approved by the Regional Danish
Committee on Biomedical Research Ethics (H-21035316) and the Danish Medicines Agency

(EudraCT no. 2021-003170-31).

Randomisation

Using centralized blocked randomization, participants were randomly assigned in a ratio of
1:1 to receive either QIV-SD or QIV-HD. Treatment assignment was not blinded, but
subsequent data collection of prespecified health data was performed passively through

patient-registries, thus minimizing the risk of differential ascertainment bias.



Study procedures

QIV-SD contained 15 pg of hemagglutinin antigen for each influenza strain, while QIV-HD
(Fluzone High-Dose Quadrivalent [United States and Canada]/Efluelda [Europe]; Sanofi)
contained 60 pg of hemagglutinin antigen for each strain. Both vaccines contained the four
influenza strains recommended by the World Health Organization for the 2021-2022
Northern Hemisphere influenza season. Information regarding randomization group,
administered vaccine, and ToV were obtained at inclusion. Vaccination took place between
07:05 (hour:minute) and 20:08. All other trial data were obtained subsequently by the central
site from nationwide health registries. The follow-up period for prespecified outcomes was

defined as starting from 14 days post-vaccination until May 31%, 2022.

Outcomes

We evaluated the same prespecified outcomes with the same methodology as a prior analysis
of the DANFLU-1 trial."® These included hospitalization due to 1) pneumonia or influenza,
(2) respiratory disease, (3) cardiorespiratory disease, (4) cardiovascular disease; (5) all

causes, and (6) all-cause mortality. All outcomes were assessed as intention-to-treat.

Statistical analysis

ToV was assessed as a continuous variable with 1-hour increments. To investigate whether
ToV was associated with outcomes, hospitalizations were assessed as recurrent events using
negative binomial regression and further with Cox proportional hazards regression in time-to-
event analysis. All-cause mortality was assessed using Cox proportional hazards regression.

All regressions were adjusted for vaccine type received. Multivariable regression was



employed to further adjust for potential confounders including sex, age, diabetes mellitus,
chronic obstructive pulmonary disease, asthma, chronic lung disease, chronic cardiovascular
disease, chronic kidney disease, immunodeficiencies, and cancer. In an effort to reduce the
risk that potential associations between continuous ToV and outcomes were driven by few
events among participants vaccinated later in the day, three pairs of unadjusted and adjusted
analyses were performed, the first of which included all hours of day, while the latter two
were restricted to only include the hours of day with at least 500 and 100 vaccinations,
respectively. In subgroup analysis, the population was dichotomized into two groups
according to the median ToV which was 11.29 AM. These groups were denoted the early and
late vaccination groups, respectively. Baseline clinical characteristics according to these were
reported, and results were presented as mean with standard deviation (SD) for parametric
continuous variables, median with interquartile interval (IQI) for non-parametric continuous
variables, and counts with percentages for categorical variables, respectively. To assess
whether relative effectiveness of QIV-HD vs. QIV-SD differed according to continuous ToV,
splines were constructed using negative binomial regression models for hospitalizations and
logistic regression models for all-cause mortality. Regression models for each vaccine type
(ie. QIV-HD and QIV-SD) were constructed separately and used to fit incidence rates for
hospitalizations and odds for mortality for each hour of continuous ToV. For hospitalizations,
incidence rate ratios between QIV-HD and QIV-SD were calculated by dividing fitted
incidence rates on a per-hour basis, and the pertaining standard errors were calculated by
taking the square root of the sum of the two individual standard errors squared. A similar
approach with odds ratios was taken for all-cause mortality. For the spline terms, the number
of knots resulting in the lowest Akaike information criterion were chosen for each regression
model. Effect modification by ToV was tested using interaction terms between ToV and

vaccine type in separate regression models fitted on both randomization groups collectively.



The findings of this post-hoc analysis should be considered hypothesis-generating as the
DANFLU-1 trial was not specifically powered for this analysis, and no adjustment for
multiplicity has been applied. A two-sided statistical significance threshold of 0.05 was used.
Analyses were performed using R version 4.3.3 (R Core Team (2021). R: A language and
environment for statistical computing. R Foundation for Statistical Computing, Vienna,

Austria).



Results

The trial population was enrolled between October 1%, 2021, and November 20", 2021, and
consisted of 12,477 participants with a mean age of 71.7 years (SD 3.9 years), and of whom
5,877 (47.1%) were female. Additional baseline characteristics of the trial population have
been published in previous works.!> Baseline characteristics of the early and late vaccination
groups are displayed in table 1. Subjects in the late vaccination group were generally more
likely to be female and had higher overall prevalence of comorbidities including pulmonary
disease, cardiovascular disease, chronic kidney disease, and diabetes.

The distribution of vaccinations according to ToV can be seen in figure 1. Earlier continuous
ToV was associated with lower incidence of respiratory hospitalizations, both in recurrent
event analysis (IRR 0.89 per 1-hour decrement (95% CI 0.79-1.00), p = 0.048) and in time-
to-event analysis (HR 0.85 per 1-hour decrement (95% CI 0.78-0.94), p = 0.003) regardless
of vaccine type (table 2 and figure 1). These associations persisted in fully adjusted analyses
(IRR 0.88 (95% CI 0.78-0.98), p = 0.025, and HR 0.87 (95% CI 0.79-0.97), p = 0.010). When
restricted to the hours of day with at least 500 and 100 vaccinations, effects sizes remained
consistent (figure 1). No other outcomes were associated with earlier ToV. Number of events
and incidence rates according to continuous ToV for all outcomes can be seen in

supplemental table 1.

Relative effectiveness of QIV-HD vs. QIV-SD

In recurrent event analysis, no significant effect modification by dichotomous or continuous
ToV was found for any of the outcomes assessed. In the entire population, QIV-HD
compared with QIV-SD was associated with a lower incidence of hospitalizations for
pneumonia or influenza (IRR 0.30 (95% CI 0.14-0.64), p = 0.002) and all-cause
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hospitalizations (IRR 0.87 (95% CI 0.76-0.99), p = 0.032). In subgroup analysis, estimates
consistently favored QIV-HD across both the early and late vaccination group for both
hospitalizations for pneumonia or influenza (early group: IRR 0.31 (95% CI 0.09-1.09); late
group: IRR 0.29 (95% CI 0.11-0.76); p for interaction = 0.93) and all-cause hospitalizations
(early group: IRR 0.87 (95% CI 0.73-1.05); late group: IRR 0.86 (95% CI1 0.71-1.03); p for
interaction = 0.89) (figure 2).

In time-to-event analysis, QIV-HD compared with QIV-SD was associated with a lower rate
of hospitalizations for pneumonia or influenza (HR 0.36 (95% CI 0.17-0.73), p = 0.005) and
all-cause mortality (HR 0.51 (95% CI 0.30-0.86), p = 0.012) in the entire population. In
subgroup analysis, effects consistently favored QIV-HD across the early and late group for
both hospitalizations for pneumonia or influenza (early group: HR 0.40 (95% CI 0.13-1.28);
late group: HR 0.33 (95% CI 0.13-0.83); p for interaction = 0.80) and all-cause mortality
(early group: HR 0.53 (95% CI 0.24-1.19); late group: HR 0.50 (95% CI 0.25-0.99); p for
interaction = 0.90) (figure 3).

Splines illustrating incidence rate ratios and odds ratios for QIV-HD vs. QV-SD according to
continuous ToV can be seen in figure 4. Effects consistently favored QIV-HD regardless of

continuous ToV for all outcomes assessed excluding cardiovascular hospitalizations.
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Discussion

In this post-hoc analysis of a pragmatic, randomized trial with >12,000 participants, we found
that earlier ToV was associated with lower incidence of respiratory hospitalizations,
independent of vaccine type and sex, age, and comorbidities. In addition to this, we found
that the relative effectiveness of QIV-HD vs. QIV-SD against hospitalizations for pneumonia
or influenza, all-cause hospitalizations, and all-cause mortality did not vary with ToV. These
exploratory findings suggest that earlier time of day for influenza vaccination might be
associated with a lower risk of respiratory hospitalizations, and furthermore that the effects of
QIV-HD compared with QIV-SD are independent of time of day for vaccination. These

findings remain to be tested in future research.

To our knowledge, this is the first study to investigate time of day for influenza vaccination
against clinical outcomes as previous studies have focused on antibody response. Our
findings indicated an association between earlier ToV and lower incidence of hospitalizations
for respiratory disease, which might suggest a potential benefit of morning vaccination,
though it should be regarded as an exploratory finding. Though the circadian rhythmicity of
the adaptive immune system remains less extensively studied than that of its innate
counterpart, the underlying mechanisms are believed to involve trafficking of T and B
lymphocytes, regulation of T cell activation and proliferation, and so-called clock genes
influencing gene expression, among other things.!” Diurnal variations in these likely
precipitate the varying antibody responses following vaccination observed in prior studies. As
a proposed technique to utilize this phenomenon, circadian timing of vaccinations, or
chronovaccination,'® has been a subject of interest for some time, as it potentially constitutes

an easily implementable and low-cost method to boost vaccine effectiveness. In support of
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this, several studies investigating different pathogens have found an increased serological
response to morning vaccination compared with afternoon or evening vaccination.*!°-2!
Beyond increased serological responses, a recent observational study also indicated a
potential benefit of morning vaccination against SARS-CoV-2 in relation to clinical
outcomes including breakthrough infection and hospitalization for COVID-19.2? Our results
are in line with this, but can, as previously mentioned, only serve as hypothesis-generating
findings. Interestingly, though there is mounting evidence in favor of morning vaccination in
general, Wang et al. found evidence for the contrary, as they observed increased anti-Spike
antibody response to SARS-CoV-2 vaccination in subjects vaccinated later in the day.?® As
the authors note, this difference might be due to lack of prior exposure to SARS-CoV-2 in
their study population, which exclusively consisted of seronegative subjects. Contrarily,
influenza vaccination will typically involve some degree of memory mechanisms of the
adaptive immune system,’* which might favor vaccination earlier in the day. However,
Burton et al. have found memory B cell response to influenza vaccination to be impaired in
persons aged above 67 years compared with younger individuals,? and, as previously
discussed, individuals at this age have still been shown to respond better to morning influenza
vaccination. In extension of previous studies, to investigate whether morning vaccination for

influenza 1s superior to later vaccination, future studies might test its protective effect toward

clinical outcomes such as those assessed in the present study.

In addition to investigating ToV against clinical outcomes, this is the first study to investigate
whether ToV modifies the effect of high-dose influenza vaccine compared with standard-
dose vaccine in relation to clinical outcomes. The present study found no evidence of this and
thus indicated that the effect of QIV-HD is independent of ToV. A possible explanation

might be that ToV affects antibody response to both QIV-HD and QIV-SD equally, thus
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leaving the relative effectiveness of QIV-HD unaffected. In addition, the findings did not
indicate an additive effect of morning vaccination and high-dose vaccine against clinical
outcomes. It could, however, be of interest for future studies to test whether time of day

affects the dose-response relationship between influenza vaccines and antibody titers.

Limitations

As with all post-hoc analyses, the present study has several important limitations. The
DANFLU-1 trial was not specifically powered for the analyses performed in this work, and
results should therefore be regarded in this context. The association between ToV and
respiratory hospitalizations are likely primarily driven by relatively few outcomes in subjects
vaccinated later in the day, and though adjusted analysis was performed, the finding might
still be subject to residual confounding. The exploratory nature of the findings is therefore
important to underline. In addition, no adjustments for multiplicity were applied, meaning
there is a risk that our results are chance findings. Regarding outcomes, the Danish national
registries are not primarily maintained for research purposes and may therefore be subject to
some extent of imprecision. Such imprecision, if present, would however be equally present
between the randomization arms and should therefore not invalidate findings regarding the

relative effectiveness of QIV-HD vs. QIV-SD.
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Conclusion

In this exploratory post-hoc analysis of the large-scale, pragmatic, randomized DANFLU-1
trial of QIV-HD vs. QIV-SD, we found that earlier time of day for influenza vaccination
might be associated with a lower incidence of hospitalizations for respiratory disease.
Furthermore, we found that the relative effectiveness of QIV-HD vs. QIV-SD against
hospitalizations for pneumonia or influenza, all-cause hospitalizations, and all-cause
mortality did not vary with time of day for vaccination. Further research is needed to confirm

these findings and understand possible mechanisms.
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Table 1

Early Late
n 6,238 6,239
Male sex, n (%) 3,335 (53.5) 3,265 (52.3)
Age, years, mean+SD 71.7£3.9 71.8£3.9
Chronic obstructive pulmonary disease, n (%) 200 (3.2) 217 (3.5)
Asthma, n (%) 203 (3.3) 239 (3.8)
Chronic lung disease, n (%) 391 (6.3) 459 (7.4)
Arterial hypertension, n (%) 1,023 (16.4) 1,029 (16.5)
Diabetes mellitus, n (%) 563 (9.0) 599 (9.6)
Chronic cardiovascular disease, n (%) 1,229 (19.7) 1,311 (21.0)
Chronic kidney disease, n (%) 127 (2.0) 128 (2.4)
Cancer, n (%) 687 (11.0) 676 (10.8)
Immunodeficiency, n (%) 243 (3.9) 240 (3.8)
QIV-HD, n (%) 3,116 (50.0) 3,129 (50.2)

Chronic lung disease is a composite of several lung diseases including tuberculosis, sarcoidosis, cystic fibrosis,
bronchitis, emphysema, bronchiectasis, interstitial pulmonary disease, and lung transplantation. Similarly,
chronic cardiovascular disease is a composite of several cardiovascular diseases, including, but not limited to,

heart failure, atrial fibrillation, ischemic heart disease, and cerebrovascular disease.
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Table 2

IRR (95% CI) p Adjusted IRR Adjusted p
(95% CI)

Recurrent event analysis
Hospitalization for pneumonia or influenza 0.93 (0.80, 1.07) 0.32 0.91 (0.79, 1.05) 0.19
Hospitalization for respiratory disease 0.89 (0.80, 1.00) 0.048 0.88 (0.78, 0.98) 0.025
Hospitalization for cardiovascular disease 1.00 (0.93, 1.07) 0.94 1.02 (0.95, 1.10) 0.60
Hospitalization for cardiorespiratory disease 0.96 (0.91, 1.03) 0.26 0.98 (0.92, 1.04) 0.47
All-cause hospitalization 0.97 (0.95, 1.00) 0.07 0.98 (0.96, 1.01) 0.23
Time-to-event analysis
Hospitalization for pneumonia or influenza 0.88 (0.77, 1.01) 0.07 0.90 (0.78, 1.03) 0.11
Hospitalization for respiratory disease 0.86 (0.77, 0.95) 0.003 0.87 (0.78, 0.97) 0.010
Hospitalization for cardiovascular disease 1.01 (0.94, 1.08) 0.84 1.01 (0.95, 1.09) 0.68
Hospitalization for cardiorespiratory disease 0.96 (0.91, 1.02) 0.16 0.97 (0.91, 1.02) 0.26
All-cause hospitalization 0.98 (0.95, 1.00) 0.10 0.98 (0.96, 1.01) 0.21
All-cause mortality 0.91 (0.82, 1.02) 0.09 0.92 (0.83, 1.03) 0.15

Recurrent event analysis and time-to-event analysis for hospitalizations and all-cause mortality (the latter only
examined as time-to-event) according to continuous time of vaccination. All effect sizes are per 1-hour
decrements. All analyses are adjusted for vaccine type, while fully adjusted analyses are further adjusted for
sex, age, diabetes mellitus, chronic obstructive pulmonary disease, asthma, chronic lung disease, chronic

cardiovascular disease, chronic kidney disease, immunodeficiencies, and cancer.
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Figure 1

All (07:00 - 21:00): IRR 0.89 (95% C| 0.79 - 1.00), p = 0.048. Adjusted IRR 0.88 (95% CI 0.78 - 0.98), p = 0.025
I 1

2500 vaccinations per hour (08:00 - 16:00):
IRR 0.87 (95% CI 0.76 - 0.99), p = 0.035.
Adjusted IRR 0.87 (95% C1 0.77 - 1.00), p = 0.045

2100 vaccinations per hour (08:00 - 17:00):
IRR 0.91 (95% C| 0.80 - 1.03), p = 0.12.
Adjusted IRR 0.91 (95% C10.81-1.03), p =0.14
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Incidence rates of respiratory hospitalizations per 100 person-years according to continuous ToV (blue line). A
histogram illustrating the distribution of vaccinations according to ToV is further presented (gray bars). Above
the graph can be seen the results of three pairs of unadjusted and adjusted analyses, the first of which include
all hours of day, while the latter two are restricted to the hours of day with at least 500 and 100 vaccinations,
respectively. All incidence rate ratios are per 1-hour decrements. All analyses are adjusted for vaccine type,
while fully adjusted analyses are further adjusted for sex, age, diabetes mellitus, chronic obstructive pulmonary
disease, asthma, chronic lung disease, chronic cardiovascular disease, chronic kidney disease,
immunodeficiencies, and cancer. Number of vaccinations, number of events, and incidence rates according to
ToV are reported in the table below the plot. IRR, incidence rate ratio. CI, confidence interval.

Figure 2
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Qiv-sp. Qiv-HD IRR (35% CI) p for Interaction

n of events (IR per 100 person-years)

Hospitalization for pneumonia or influenza 0.03

Owerall 33 (0.9) 10 (0.3) —_— 0.30 (0.14 - 0.64)

Early vaccination 13 (07) 4(02) 0.31(0.09 - 1.09)

Late vaccination 20(11) 6(0.3) —_— 0.20 (0.1 -0.76)
Hospitalization for respiratory disease 0.50

Queral 46 (1.2) 20 (0.8) ——e—H 0.63 (0.37 - 1.09)

Early vaccination 16 (0.8) 12 (0.6) =+ 074(026-2.10)

Late vaccination 30 (1.6) 18.(1.0) — 0.58 (0.31 - 1.10)
Hospitalization for cardiovascular disease 0.46

Overall 102 (2.7) 80 (2.4) — 0.88 (0.63 - 1.22)

Early vaccination 47 (2.5) 47 (2.5) —_ 1.00 (0.84 - 1.56)

Late vaccination 55 (2.9) 43(2.3) —— 0.77 (0.48 - 1.26)
Hospitalization for cardiorespiratory dissase 0.36

Qerall 147 (3.9) 118(3.1) —l 0.79 (0.59 - 1.06)

Early vaccination 62 (33) 57 (3.0) e 0.92 (0,60 - 1.40)

Late vaccination 85 (4.5) 61(3.2) ——% 0.70 (0.47 - 1.04)
All-cause hospitalization 0.89

Querall 742 (19.7) 647 (17.1) et 0.87 (0.76 - 0.99)

Early vaccination 356 (19.0) 313 (16.6) et 0.87 (0.73 - 1.05)

Late vaccination 364 (20.5) 334 (17.7) e 0.86(0.71-1.09)

o0b6 B8 035 050 160 200
T FavorsQV-HD | FavorsQVSD

Recurrent event analysis illustrating relative effectiveness of QIV-HD versus QIV-SD for overall population and
according to early or late time of vaccination. Outcomes were assessed using negative binomial regression and
presented with incidence rate ratios. QIV-HD, high-dose quadrivalent influenza vaccine. QIV-SD, standard-
dose quadrivalent influenza vaccine. IR, incidence rate. IRR, incidence rate ratio. Cl, confidence interval.

Figure 3

Qv-sD QIV-HD HR {95% C1) p for interaction
nof events

Hospitalization for pneumonia or influenza : 080

Overal 28 10 —_— 0,36 (0.17 - 0.73)

Early vaccination 10 4 040 (0.13-1.28)

Late vaccination 18 ] —_— 0.33 (013 - 0.83)
Hospitalization for respiratory disease ; 077

Overal 40 24 [ E—1 0,60 (0.36 - 0.99)

Early vaccination 12 & R — 067 (0.27 - 163)

Lale vaccination 28 18 e 057 (0.31-1.08)
Hospitalization for cardiovascular disease : 023

Overal 81 82 o 1.01(0.74-1.37)

Early vaccination 38 46 —— 1.21(0.79-1.87)

Lale vaccination 43 k] —— 083 (0.53- 1.29)
Hospitalization for cardiorespiratory disease 018

Overall 117 103 e 0.88 (067 - 1.14)

Early vaceination 49 52 —t— 106 (0.72- 157)

Late vaccination 68 51 - 0.74 (0.52 - 1.07)
All-cause hospitalization 042

Overall 550 513 e 0.93 (0.82- 1.05)

Early vaccination 265 258 —— 0,98 (0.82- 1.16)

Lale vaccination 285 255 e 0,88 (0.75 - 1.05)
Allcause mortality 090

Overall 41 21 e | 0.51(0.30 - 0.86)

Early vaceination 17 9 1 0.53 (0.24 - 1.19)

Late vaccination 24 12 —— 0,50 (0.25 - 0.99)

013 025 050 100 200
Favors QIV-HD Favors QIV-SD

Time-to-event analysis illustrating relative effectiveness of QIV-HD versus QIV-SD for overall population and
according to early or late time of vaccination. Outcomes were assessed using Cox proportional hazards
regression and presented with hazard ratios. QIV-HD, high-dose quadrivalent influenza vaccine. QIV-SD,
standard-dose quadrivalent influenza vaccine. HR, hazard ratio. Cl, confidence interval.

Figure 4
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Relative vaccine effectiveness of QIV-HD compared with QIV-SD illustrated with splines (solid black line) and 95%
confidence interval (dotted black lines). Values below the blue line favor QIV-HD, while values above favor QIV-SD.
Hospitalization outcomes were assessed with negative binomial regression models containing restricted cubic spline terms

for continuous time of vaccination. Models for each randomization group (ie. QIV-HD and QIV-SD) were constructed
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separately and used to fit incidence rates for each hour of continuous time of vaccination. Incidence rate ratios between
QIV-HD and QIV-SD were calculated by dividing fitted incidence rates on a per-hour basis, and the pertaining standard
errors were calculated by taking the square root of the sum of the two individual standard errors squared. For the spline
terms, the number of knots resulting in the lowest Akaike information criterion were chosen for each regression model. For
all-cause mortality, a similar approach with logistic regression was employed. Effect modification by time of vaccination
was tested using interaction terms between time of vaccination and vaccine type in separate regression models fitted on both
randomization groups collectively.
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Highlights

Morning vaccination enhances the antibody response to influenza vaccine

Post-hoc analysis of DANFLU-1; high- (HD) vs. standard-dose (SD) influenza
vaccine

Earlier vaccination was associated with fewer respiratory hospitalizations

HD compared with SD lowered risk of hospitalizations and mortality in older adults

Relative effectiveness of HD vs. SD was independent of circadian timing
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