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Abstract

Background—New influenza vaccine formulations are designed to improve vaccine
effectiveness and protect those most vulnerable to infection. High dose trivalent inactivated
influenza vaccine (HD-11V3), licensed for ages =65 years, produces greater antibody responses
and efficacy in clinical trials, but post-licensure vaccine effectiveness (VE) compared to standard
dose (SD-11V3/4) vaccine remains an open question.
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Methods—Using a test-negative, case control design and propensity analyses to adjust for
confounding, US Influenza VE Network data from the 2015-2016 through 2018-2019 seasons
were analyzed to determine relative VE (rVE) between HD-11V3 and SD-11VV3/4 among
outpatients =65 years old presenting with acute respiratory illness. Influenza vaccination status
was derived from electronic medical records and immunization registries.

Results—Among 3,861 enrollees, 2,993 (78%) were vaccinated; 1,573 (53%) received HD-11VV3
and 1,420 (47%) received SD-11V3/4. HD-11V3 recipients differed from SD-11V3/4 recipients by
race, previous vaccination, number of outpatient visits in the previous year and timing of
vaccination, and were balanced in the propensity model except the timing of vaccination.
Compared with no vaccination, significant protection against any influenza A was observed from
both HD-11V3 (VE=29%; 95%CI1=10%, 44%) and SD-11VV3/4 (VE=24%; 95%CI|=5%, 39%);
rVE=18% (95%CI1=0%, 33%, SD as referent). When stratified by virus type, against A/HIN1,
HD-I1VV3 VE was 30% (95%Cl= -7%, 54%), SD-11V3/4 VE was 40% (95%CI=10%, 61%), and
rVE=-32; (95%ClI= -94, 11); Against A/H3N2, HD-11V3 VE was 31% (95%CI1=9%, 47%), SD-
11V3/4 VE was 19% (95%CIl= -5%, 37%), and rVE=27; (95% CI=9, 42).
Conclusions—Among adults =65 years of age, recipients of standard and high dose influenza
vaccines differed significantly in their characteristics. After adjusting for these differences, high

dose vaccine offered more protection against A/H3N2 and borderline significant protection against
all influenza A requiring outpatient care during the 2015-2018 influenza.
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Introduction

It is well established that older adults bear a disproportionate share of the influenza burden
each year in the United States. Although their risk of influenza infection is lower than that of
children [1, 2], the risks for an outpatient visit, hospitalization, and death among those =65
years (older adults) are higher than any other age group [3, 4]. Furthermore, influenza may
have long-term effects such as functional decline and decreased independence among those
who experience complications, are hospitalized or are frail [5, 6]. While influenza vaccine is
the best means of preventing influenza infection, modest vaccine effectiveness (VE), less-
than-optimal population vaccination coverage, underlying high-risk conditions, and age-
related loss of immune response to influenza vaccine[7, 8] have contributed to influenza
morbidity and mortality of older adults. Efforts to better protect older adults have included
the development of new vaccine formulations. A high-dose, trivalent inactivated influenza
vaccine (HD-11V3) was licensed in 2009 and introduced in 2010 for use among adults =65
years old [9, 10].

There is a growing body of evidence that HD-11V3 is effective for preventing influenza and
influenza-related hospitalizations in older adults and more effective than SD vaccine. In a
large randomized controlled trial conducted in the 2011-2012 and 2012-2013 seasons, HD-
I1\V3 exhibited significant relative immunogenicity and efficacy compared to the standard
dose influenza vaccine (SD-11V) against all influenza, influenza A and the A/H3N2 strain,
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but not against the A/HLN1 strain or influenza B [11]. Other randomized controlled trials,
though few in number, have reported significant relative VE (rVE) for HD-11VV3 against
laboratory confirmed influenza. However, the superiority of effectiveness of HD-11VV3 has
not been consistently demonstrated over several seasons, against different subtypes of the
virus and for population subgroups [12]. Retrospective studies of large administrative data
sets including Medicare and Veterans’ Health Administration, have reported greater
protection from influenza-related hospitalization [13-16], and laboratory confirmed
influenza [17]. A test-negative case control study has reported favorable but non-significant
rVE for HD-11VV3 against laboratory confirmed influenza in hospitalized patients [18].

The overall objective of the US Influenza Vaccine Effectiveness (Flu VE) Network is to
evaluate VE against influenza infections serious enough to warrant an outpatient visit among
those vaccinated versus the unvaccinated, using an observational study design. Depending
on the study year, US Flu VE Network data have shown variable VE results for outpatients
>65 years old across all vaccine types; VE was significant at 42% [19] in 2015-2016 when
H1N1pdm09 and B-lineage viruses predominated; VE was nonsignificant at 20% in 2016-
2017 [20]; nonsignificant at 17% in 2017-2018 [21]; and nonsignificant at 12% in 2018—
2019 [22].

The purpose of this study was to determine the rVE of the HD-11V3 compared with SD-
11\VV3/4 in preventing ambulatory medically attended, laboratory confirmed infections from
influenza A viruses among persons 65 years of age and older in the 2015-2016 through
2018-2019 influenza seasons in the US Flu VE Network. This study used a test-negative,
case control design and propensity score estimates with boosted regression to account for
potential differences between HD-11V3 and SD-11V3/4 recipients.

Methods

Detailed methods for the test-negative design for the 5 site (Michigan, Pennsylvania, Texas,
Washington and Wisconsin) US Flu VE Network study have been previously published [23,
24] and will be briefly described below. Human subjects’ protection was ensured by the
Institutional Review Boards of each participating site and the Centers for Disease Control
and Prevention (CDC).

Participants

Since the 2011-2012 influenza season, the US Flu VE Network has enrolled participants
seeking outpatient medical care for an acute respiratory illness (ARI) with cough. For this
analysis, only adults =65 years of age who were primarily community-dwelling, were
included because the HD-11V3 is only licensed for this age group. The influenza outbreak
period was unigue to each site and was defined as the time between the week of illness onset
for the first influenza positive case and the week of illness onset for the last influenza-
positive case enrolled. After confirmation of local influenza circulation each year, eligible
patients presenting for outpatient medical care with cough, and symptom onset <7 days prior
were enrolled. Eligibility criteria included date of birth before August 1, 1950, August 1,
1951, August 1, 1952, and August 1, 1953 for the 2015-2016, 20162017, 2017-2018 and
2018-2019 seasons, respectively; not taking influenza antiviral medication in the previous 7
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days and not previously enrolled within 14 days. It is possible that enrollees participated in
more than one influenza season, but this information was not tracked.

After obtaining informed consent, participants were interviewed to collect demographic
data, general and current health status, symptom and illness severity information and
influenza vaccination status. Participants provided nasal and throat swabs for confirmation
of influenza using real time reverse transcription polymerase chain reaction (RT-PCR)
assays. Presence of high-risk medical conditions, as defined by a medical record of a pre-
specified (based on ACIP’s high-risk conditions) /nternational Classification of Diseases,
10" Edition, Clinical Modification [25] code assigned to a medical encounter in the
preceding 12 months was extracted from electronic medical records (EMR).

Northern Hemisphere Influenza Vaccine Composition

Recommended influenza A vaccine strains during the study period included A/California/
H1N1)pdm09 (2015-2016 and 2016-2017), A/Michigan/45/2015pdm09 (2017-2018 and
2018-2019), A/Switzerland/H3N2 (2015-2016), A/HongKong/H3N2 (2016-2017 and
2017-2018) and A/Singapore/H3N2 (2018-2019.

Vaccination Status

Electronic immunization records (EIR) that included electronic medical records and state
immunization registries were used to determine vaccination status and type of vaccine
received.

Statistical Analysis

Participants excluded from the analytic dataset were those with inconclusive and
unrepeatable RT-PCR results, influenza test-negative controls with illness onset dates
outside each site’s influenza outbreak period, vaccination 0-13 days prior to illness onset,
and vaccinated but of unknown type.

The primary outcome for this study was confirmed influenza infection for influenza A only,
because HD did not contain both B lineages during the timeframe of this study. The
enrollment period for each season was the time between the first and last positive influenza
case in each site. Therefore, controls enrolled outside these dates were not included in
analyses. Descriptive statistics for each group (HD-11V3 versus SD-11\VV3/4) were
summarized as means and standard deviations for continuous or frequencies and percentages
for categorical variables. Differences between the vaccination groups for baseline
characteristics were compared with t-test (or nonparametric equivalent, Wilcoxon rank sum
test) for continuous characteristics and with a Chi-square test (or Fisher’s exact test) for
categorical characteristics.

The exposure variable of interest was vaccine received (HD-11V3, SD-11V3/4 or not
vaccinated). Logistic regression models were used to calculate odds ratios (ORs) comparing
influenza-positive and influenza-negative subjects; VE was estimated as 100% x [1 - OR]).
For calculating effectiveness of SD-11V3/4 and HD-11V3 compared with no vaccination,
models were adjusted a priori for age, sex, race/Hispanic ethnicity, network site, season,
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presence of one or more high-risk conditions (versus none), days from illness onset to
specimen collection (0-2 days, 3—4 days, 5-7 days) and calendar time in 2-week intervals.

To calculate relative VE of SD-11V3/4 and HD-I1V3, four regression models were conducted
using SD-11V3/4 as the reference: 1) adjusted rVE using & priorivariables of age, race/
Hispanic ethnicity, sex, site, season, interval from onset to enroliment (0-2 days, 3—4 days,
5-7 days), any prior high risk condition, and calendar time in 2-week intervals; 2) adjusted
rVE using a priorivariables and instrumental variables of vaccination in the previous season
and timing of vaccination (week in the season when vaccinated from July 1); 3) adjusted
rVE using propensity weights that were based on model 2 variables and 3-way interactions,
and 4) adjusted rVE using inverse probability propensity weights. To determine the
instrumental variables, measures of risk that were potentially related to receipt of HD-11VV3
such as, number of high-risk conditions, health care utilization — inpatient and outpatient in
the 12 months before enrollment and health care utilization — hospitalization within 30 days
after enrollment, were compared between the two vaccine groups using chi-square tests.
Demographic and instrumental variables were tested as possible effect modifiers and
confounders (Supplemental Tables 1 and 2, respectively). The variables bi-week and time
since vaccination were highly correlated. Bi-week was used in the initial VE analyses but
was eliminated as an instrumental variable from the propensity analysis in favor of time
since vaccination.

Propensity score analysis was used to address the selection bias that potentially confounds
the effect of vaccination status. A propensity score weighted logistic regression with
influenza status as the dependent variable was used to estimate the effect of vaccine type
(HD-11\V3 versus SD-11V3/4) on outcome. Balance tables and plots were used to assess the
quality of the propensity scores and to evaluate common support. A value under 0.25 was
indicative of good balance [26-29] (Supplemental Table 3).

All analyses were two-sided and the alpha level was set to 0.05. VE and rVE point estimates
including overall and subgroup analyses stratified by season and virus type, were considered
statistically significant when confidence intervals did not overlap. All analyses were
conducted using SAS, version 9.4 statistical software (SAS Institute Inc., Cary, NC).

Of the 4,312 enrollees =65 years at enroliment, 50 were excluded because they were
enrolled outside influenza virus circulation period or did not have conclusive PCR results
and 153 were excluded because they were vaccinated <14 days before illness onset (Figure
1). Because this study focused on influenza A viruses only, 248 participants with influenza
B virus infection were excluded from analysis, leaving 3,861 enrollees, of whom 1,573
(40%) received HD-11V3, 1,420 (37%) received SD-11V3/11V4, and 868 (22%) were
unvaccinated.

Table 1 shows the demographic characteristics of the enrollees divided into unvaccinated,
HD-I1V3 recipients and SD-11V3/4 recipients. Compared with enrollees vaccinated with SD-
11\V3/4, those who were vaccinated with HD-11VV3 were less likely to be white (84.9% vs
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90.1%; P<0.001), less likely to be hospitalized post enroliment (2.2% vs 3.9%; P=0.004),
more likely to wait longer to seek medical care after onset of symptoms (21% versus 27%
enrolled 0-2 days after onset; £<0.001), more likely to have been vaccinated in the prior
season (89% versus 81%; A£<0.001), and to have had more outpatient visits in the previous
year (6.0 £ 7.0 versus 5.5+6.6; £=0.020). Other significant differences across vaccination
groups included days between vaccination and illness onset (120 for HD-11V3 versus 114 for
SD-11V3/4; P<0.001) and week of vaccination with HD-11V3 recipients receiving vaccine 2
weeks earlier than SD-11V3/4 recipients (P<0.001).

The distribution of SD-11V3/4 and HD-11V3 differed across seasons and differed by site as
shown in Table 1, with the proportion of HD-11V3 vaccine increasing each season overall.
Over all seasons, the Wisconsin site had the lowest use of HD-11V3 and the Washington site
had the highest use of HD-I11\V3. The use of HD-11V3 increased steadily over time in
Michigan, but use varied over four seasons in the other sites.

Unadjusted and adjusted vaccine effectiveness estimates for influenza A are shown in Table
2. Compared with unvaccinated enrollees, adjusted VE for SD-11V3/4 over all four seasons
was significant against any influenza A virus (24%; 95%CI1=5%, 39%); and against
influenza A/HIN1 (40%; 95% CIl=10%, 61%) and insignificant against A/H3N2 (19%;
95%CI=-5%, 37%). Adjusted HD-11VV3 VE was significant against any influenza A over all
four seasons (29%; 95%CI=10%, 44%) and against A/H3N2 viruses (31%; 95%CI=9%,
47%), while VE against A/H1N1 viruses was not significant (30%; 95%CIl=-7, 54%).

Table 3 shows the rVE comparing HD-11V3 with SD-11V3/4 as the reference vaccine. The
first two columns show the number and percent of cases and controls among those who were
vaccinated with HD-11V3 vaccine. The next four columns represent the progression of the
comparisons from unadjusted to adjusted rVVE calculated using propensity weights and
interaction terms. The adjusted rVE in four modeling strategies during the four seasons were
not significant for any of the individual seasons, with wide confidence intervals suggesting
insufficient sample size. When data from all four seasons were combined, HD-11V3 was
significantly more effective against all influenza A (rVE=18; 95% CI=0, 33) and against A/
H3N2 (rVE=27; 95% CI=9, 42), but was not different from SD-11V3/4 for A/HIN1 (rVE=
-32; 95%CI=-94, 11). In all sensitivity analyses that excluded one site at a time to assess
potential site-specific selection biases, the rVE of HD-11VV3 was not significant
(Supplemental Tables 4 and 5).

Discussion

This study, based on US Flu VE Network data, examined and compared vaccine
effectiveness of HD-11VV3 and SD-11V3/4 among individuals =65 years old. Over four
seasons combined, SD-11V3/4 influenza vaccine was effective against all influenza A and
against influenza A/HIN1 but was not effective against influenza A/H3N2. HD-11V3 was
also effective against all influenza A and against influenza A/H3N2, when compared with
unvaccinated individuals, but not against influenza A/H1N1, consistent with previous
research [11]. Using inverse probability weights, the rVE for HD-11VV3 compared with SD-
11V3/4 was borderline significant against all influenza A and significant against A/H3N2,
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indicating that HD-11V3 sometimes outperforms SD-11V3/4 for prevention of ambulatory
medically attended influenza.

Using Medicare administrative data sets, rVE for HD-11V3 in 2012-2013 against probable
influenza infection was reported to be 22% [13]. A study using Veterans’ Health
Administration data reported that rVE for HD-11V3 in 2015-2016 against influenza- or
pneumococcal-related outpatient visits was 14% and against laboratory-confirmed influenza
was 38% [17]. An analysis from the 2010-2011 season [30] used propensity analyses to
account for the potential differences between those who received HD-11V3 and those who
received SD-IIV to assess rVE for reducing risk of influenza- or pneumonia-related
hospitalization. HD-11VV3 was not more effective than SD-11V, except in those >85 years old.

The most recent randomized controlled trial comparing high dose and standard dose
influenza vaccine found significantly higher relative efficacy for high dose vaccine against
all influenza, influenza A and the A/H3N2 strain but was conducted three years before the
current study [11]. Influenza epidemiology has changed since then. For example, circulating
virus strains continue to change with a major change noted in 2014-2015 [31], vaccine
effectiveness has varied by season [19, 20, 22, 32], vaccine manufacturing processes have
changed with the introduction of cell-derived and adjuvanted vaccines, and the possible
effects of repeated vaccination with the high dose vaccine may affect its subsequent
effectiveness [33].

A difference between randomized controlled trials and observational studies is the ability in
a randomized trial to match vaccine recipients on demographic and medical/health
characteristics. For example, in this study we note the demographic and site differences
found between SD-11V3/4 recipients and HD-11V3 recipients, including race, enrollment
site, and enrollment season. Our data indicate that HD-11VV3 recipients were more often non-
white, had more outpatient visits in the preceding year, and were vaccinated earlier in the
season. Given the significant price differential of HD-11\VV3, which ranged from
approximately 2 to 2.75 times the cost of SD-11V during 2015-2018 [34], selective use of
HD-11V3 for more vulnerable older adults might be expected. These host factors might
contribute to differences in VE. Washington state policy for at least two of the study years
preferentially recommended high dose vaccine use among sicker individuals, due to limited
supplies (personal communication, M Jackson, 2019). Higher cost of HD-11VV3 may also
help to explain its low use in other sites, leading to preferential use among the frailest
individuals. Finally, use of HD-11\V3 has generally increased over time. More widespread use
of the vaccine may eliminate unaccounted for differences among HD-11V3 and SD-11V3/4
recipients. However, new influenza vaccine products continue to become licensed and enter
the market. A broader array of vaccine products may limit the use of any given vaccine type,
thereby reducing the number of recipients. In such case, it may not be possible to use test-
negative, case control studies to identify improved vaccine effectiveness of one type of
vaccine for a population subgroup despite its effectiveness compared with no vaccination.
Additional strategies such as cluster-randomization [35-37] in target groups warrant
consideration, particularly when clinical equipoise exists on the comparative protective
benefits of emerging vaccine types.
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One 2017 review and meta-analysis concluded that there is some, though limited evidence of
HD vaccine’s superiority over standard dose vaccine in ambulatory adults over age 65 years,
but noted that additional research is needed to broaden our understanding of its relative
benefit for population subgroups [12]. This study adds to that body of literature.

The validity of observational vaccine effectiveness studies depends upon accurate
classification of vaccination status and influenza infection. To address this issue, this study
limited vaccination reports to those confirmed in electronic immunization records. Influenza
infection was determined through systematic testing by highly specific molecular assays,
and participants were enrolled within 7 days of illness onset when viral shedding was
highest, decreasing the likelihood of false-negative results. Wide confidence intervals around
low VE estimates occur when sample sizes are small. Because of small numbers of SD-11V3
and SD-11V4, these vaccine types were combined for analyses. Larger sample sizes may
have provided sufficient power to detect significant relative vaccine effectiveness across
vaccine types. As with any observational study, we cannot rule out unmeasured confounding
as an explanation for our findings despite the use of propensity analyses to adjust for this
possibility. However, it is possible that there remained undetected selection biases for which
propensity analyses were unable to adjust. In addition, we did not add degree of match to the
analyses. Finally, these estimates are limited to the prevention of ambulatory medical visits,
rather than more severe illness outcomes, such as hospitalization or death for which high
dose vaccine may provide a significant advantage.

Conclusions

Among older adults, we found that SD-11V3/4 was effective against influenza illness leading
to outpatient visits due to any influenza A and influenza A/HIN1, while HD-11V3 was
effective against any influenza A and influenza A/H3N2, compared with unvaccinated
individuals. HD-11VV3 was significantly more effective than SD-11VV3/4 against A/H3N2,
while the significance for relative VE of HD against all influenza A was borderline. Further
research in observational studies of specific vaccine products with larger sample sizes is
needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Relative VE of high dose to standard dose influenza vaccine was measured in an
observational study.

High dose and standard dose recipients differed on several demographic and clinical
factors.

Both high and standard dose vaccines were effective against influenza compared to no
vaccination.

High dose vaccine provided better protection against influenza A requiring outpatient
care.
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Baseline characteristics by vaccination with trivalent/quadrivalent standard dose influenza vaccine (SD-

Table 1.

11\V3/4) or trivalent high dose influenza vaccine (HD-11V3)

Characteristics

Unvaccinated N=868

Vaccination Status

SD-11V3/4 n=1,420

HD-11V3 n=1,573

Age on Sept.1, years, mean (SD) 71.8 (6.3)
Female sex, n (%) 535 (61.6)
Race, n (%)

White, non-Hispanic 730 (84.6)
Black, non-Hispanic 47 (3.9)
Other race, non-Hispanic 52 (6.0)
Hispanic, any race 34 (3.9)
Non-Smoker, n (%), ref.=ever smoked 563 (91.8)
Season, n (%)

2015-2016 186 (21.4)
2016-2017 215 (24.8)
2017-2018 214 (24.6)
2018-2019 253(29.2)
Site, n (%)

Michigan

2015-2016 13 (11.5)
2016-2017 24 (21.2)
2017-2018 31(27.4)
2018-2019 45 (39.8)
Pennsylvania

2015-2016 40 (24.8)
2016-2017 35(21.7)
2017-2018 40 (24.8)
2018-2019 46 (28.6)
Texas

2015-2016 30 (15.7)
2016-2017 45 (23.6)
2017-2018 51 (26.7)
2018-2019 65 (34.0)
Washington

2015-2016 67 (30.7)
2016-2017 52 (23.9)
2017-2018 36 (16.5)
2018-2019 63 (28.9)
Wisconsin

2015-2016 36 (19.5)
2016-2017 59 (31.9)

733 (7)
872 (61.4)

1272 (90.1)
36 (2.6)
54 (3.8)
49 (3.5)

1353 (95.0)

339 (23.9)
308 (21.7)
363 (25.6)
410 (28.6)

30 (21.4)
27 (19.3)
31(22.1)
52 (37.2)

46 (21.5)
35 (16.4)
30 (14.0)
103 (48.1)

62 (25.5)
62 (25.5)
82 (33.8)
37 (15.2)

88 (32.7)
47 (17.5)
53 (19.7)
81 (30.1)

113 (20.4)
137 (24.7)
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73.6 (6.9)
980 (62.3)

1332 (84.9)
69 (4.4)
130 (8.3)
37 (2.4)

1514 (96.7)

260 (16.5)
376 (23.9)
387 (24.6)
550 (35.0)

30 (10.2)
44.(14.9)
80 (27.1)
141 (47.8)

38(21.2)
59 (33.0)
62 (34.6)
20 (11.2)

20 (18.4)
26 (23.8)
16 (14.7)
47 (43.1)

165 (18.4)
235 (26.2)
202 (22.5)
295 (32.9)

7(75)
12 (12.9)
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Vaccination Status

Characteristics Unvaccinated N=868 SD-11V3/4 n=1,420 HD-11V3 n=1,573
2017-2018 56 (30.3) 167 (30.2) 27 (29.0)
2018-2019 34 (18.4) 137 (24.7) 47 (50.6)
Interval from onset to enrollment, n (%)
0-2 days 212 (24.4) 377 (26.6) 328 (20.9)
3-4 days 316 (36.4) 530 (37.3) 568 (36.1)
5-7 days 340 (39.2) 513 (36.1) 677 (43.1)
One or more high-risk condition, n (%) 672 (77.4) 1250 (88.0) 1371 (87.2)
Received previous year’s influenza vaccine, n (%) 240 (27.6) 1147 (80.8) 1395 (88.7)
Hospitalized within last year, n (%)2 641 (77.0) 1157 (88.5) 1368 (87.4)
Hospitalization within 30 days after enrollment, n (%) 31(3.6) 56 (3.9) 34 (2.2)
Outpatient visits within last year, mean (SD) 3 39(56) 55(6.6) 6.0(7.0)
High-risk conditions, mean (SD) 2.3(2.0) 2.9(2.0) 2.8(2.0)
Days from vaccination to enroliment 114 (43.1) 120 (41.3)
16.2 (4.1) 13.0 (3.1)

Timing of vaccination (weeks), mean (SD) 4

JP value is for the comparison of SD-11V3/4 and HD-11V3
2. I
Prior health care utilization
3 . . . A
Any outpatient medical encounter in past 12 months based on high risk codes

Timing of vaccination: week in the season when vaccinated beginning July 1.
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Vaccine effectiveness (VE) for trivalent/quadrivalent standard dose influenza vaccine (SD-11VV3/4) and for
trivalent high dose influenza vaccine (HD-11VV3) for four seasons (2015-2018) against any influenza A, A/
H1N1 and A/H3N2 viruses.

Qutcome SD-11V3/4 (N = 1420) versus unvaccinated (N = 868) HD-11V3 (N = 1573) versus unvaccinated (N = 868)

g:l)adjusted % VE (95% Adjusteda% VE (95% g?)adjusted % VE (95% Adjusteda% VE (95%
Cl) Cl)

2015-2016

All influenza A 49 (7,72) 53 (11, 75) 56 (14, 77) 52 (-7, 78)

2016-2017

All influenza A 14 (-27, 42) 25 (14, 51) 16 (-23, 42) 29 (-12, 55)

Influenza A/H3N2 17 (=24, 44) 27 (-11, 53) 21 (15, 46) 32 (-7, 57)

2017-2018

All influenza A 5 (-38, 35) 5 (-45, 38) 27 (=6, 50) 13 (-36, 45)

Influenza A/H3N2 5 (-39, 36) 2 (-52, 37) 31 (-2, 54) 13 (40, 46)

2018-2019

All influenza A 10 (-31, 39) 26 (14, 52) 26 (-6, 49) 29 (-11, 54)

Influenza A/HIN1 19 (=35, 51) 47 (3, 71) 31 (-12, 58) 26 (=35, 59)

Influenza A/H3N2 1 (-64, 40) 5 (-67, 46) 21 (-29, 52) 27 (-31, 59)

2015-2018

All influenza A 17 (-2, 32) 245, 39)[7 25 (8, 38) 29 (10, 44)17

Influenza A/HIN1 31 (-1, 52) 40 (10, 61)0 30 (-1, 51) 30 (-7, 54)1)

Influenza A/H3N2 14 (-8, 31) 19 (-5, 37)17 25 (6, 40) 319, 47)17

a, . - - - o Lo L .
Adjusted for a priori variables age, race/ethnicity, sex, clinical site, interval from onset to enroliment, any prior high-risk condition, and bi-week

(indicator variable of 2-week blocks of calendar time).

Adjusted for a priori variables age, race/ethnicity, sex, clinical site, season, interval from onset to enroliment, any prior high-risk condition, and
bi-week (indicator variable of 2-week blocks of calendar time).

c . . . . .
Season included as continuous variable, because there was no A/HIN1 in 2016-17 (There was no change in VE, when season was excluded from

the model).
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Relative vaccine effectiveness (rVE) of trivalent high dose influenza vaccine compared with trivalent/
guadrivalent standard dose influenza vaccine.

MD-11V3 vaccinees

Adjusted using a

Adjusted using a

Adjusted using

Adjusted using

| priori variables® priori and propensity score Inverse probability

N N i

g/‘fjes g}ff;tm s % rVE (9506 Cl)  netrumental weights®% rvVE  weights % rVE
variables™ % rVE (95% CI) (95% CI)
(95% ClI)

2015-2016

All influenza A 16 (40) 241 (43) 9(-92, 57) 3(-105, 54) -9 (-158, 54) -33(-187, 39)

2016-2017

Allinfluenza A 93 (54) 282 (55) 8 (—46, 42) -2 (-65, 37) 2 (-69, 43) 11 (-31, 39)

Influenza A/ 87 (53) 282 (55) 10 (—44, 44) 1(-61, 39) 5 (-65, 45) 15 (=26, 43)

H3N2

2017-2018

All influenza A 90 (47) 297 (53) 5 (45, 38) 8 (-42, 41) 6 (55, 43) 11 (=33, 40)

Influenza A/ 77 (46) 297 (53) 9 (-41, 42) 13 (=37, 45) 7 (=56, 45) 12 (-34, 42)

H3N2

2018-2019

All influenza A 97 (53) 452 (58) -2 (-52, 32) 13 (=37, 42) 19 (=27, 48) 15 (=27, 43)

Influenza A/ 46 (54) 452 (58) -32 (-134, 25) -23(-122, 32) -5 (-98, 44) -4 (-80, 40)

H1N1

Influenza A/ 51 (52) 452 (58) 14 (-43, 48) 30 (-19, 59) 34 (-17, 63) 28 (-21, 58)

H3N2

All seasons 2015-2018

Allinfluenza A 297 (51) 1276 (53) 7 (-16, 26) 9 (-14, 28) 10 (-15, 30) 18 (0, 33)

Influenza A/ 73 (53) 1276 (53) -19 (-80, 21) -19 (-82, 22) -14 (-82, 29) -32(-94, 11)

H1N1

Influenza A/ 218 (50) 1276 (53) 14 (-11, 34) 17 (-8, 36) 16 (-11, 37) 27 (9, 42)

H3N2

aA priori variables = age, race/ethnicity, sex, clinical site, season, interval from onset to enrollment (0-2 days, 3—4 days, 5-7 days), any prior high-
risk condition, and bi-week (indicator variable of 2-week blocks of calendar time).

A priori variables plus instrumental variables prior vaccination status, and timing of vaccination. (Excluded a priori variable bi-week because bi-
week and timing of vaccination were highly correlated. The relative VEs remain the same when bi-week is included).

Propensity score weights were calculated using a priori variables, instrumental variables and the 120 three way interactions (10 variables,
including vaccination status, with three-way interactions). Bi-week is excluded from propensity score modeling.
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