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Background: High-dose, adjuvanted, and recombinant influenza vac-
cines may offer improved effectiveness among older adults compared 
with standard-dose, unadjuvanted, inactivated vaccines. However, 
the Advisory Committee on Immunization Practices (ACIP) only 
recently recommended preferential use of these “higher-dose or 
adjuvanted” vaccines. One concern was that individuals might delay 
or decline vaccination if a preferred vaccine is not readily available.
Methods: We mathematically model how a recommendation for pref-
erential use of higher-dose or adjuvanted vaccines in adults ≥65 years 
might impact influenza burden in the United States during exemplar 
“high-” and “low-”severity seasons. We assume higher-dose or adju-
vanted vaccines are more effective than standard vaccines and that such 
a recommendation would increase uptake of the former but could cause 
(i) delays in administration of additional higher-dose or adjuvanted vac-
cines relative to standard vaccines and/or (ii) reductions in overall cov-
erage if individuals only offered standard vaccines forego vaccination.
Results: In a best-case scenario, assuming no delay or coverage reduc-
tion, a new recommendation could decrease hospitalizations and 
deaths in adults ≥65 years by 0%–4% compared with current uptake. 
However, intermediate and worst-case scenarios, with assumed delays 
of 3 or 6 weeks and/or 10% or 20% reductions in coverage, included 
projections in which hospitalizations and deaths increased by over 7%.
Conclusions: We estimate that increased use of higher-dose or adjuvanted 
vaccines could decrease influenza burden in adults ≥65 in the United 
States provided there is timely and adequate access to these vaccines, and 
that standard vaccines are administered when they are unavailable.
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Vaccination against seasonal influenza is an important pub-
lic health tool, averting an estimated 39,000–100,000 hos-

pitalizations and 3,500–12,000 deaths annually.1 In the United 
States, there are many influenza vaccines licensed for use, 
including standard-dose inactivated, high-dose inactivated, 
adjuvanted inactivated, recombinant, and live attenuated vac-
cines. However, the effectiveness of each type of vaccine in 
preventing influenza-associated illness depends on many fac-
tors, including the age of the recipient.2

The effectiveness of three types of influenza vaccine—
the high-dose inactivated, adjuvanted inactivated, and recom-
binant vaccines—has been studied among adults ≥65 years 
in comparison to standard-dose unadjuvanted inactivated 
formulations. These “higher-dose or adjuvanted” vaccines 
may be more effective in preventing influenza-like illness, 
hospitalizations, and deaths than standard-dose unadjuvanted 
inactivated vaccines.2–6 Observational studies of the relative 
effectiveness of different influenza vaccines found higher-dose 
or adjuvanted vaccines were administered to 74% of commu-
nity-dwelling Medicare beneficiaries in the 2017/2018 influ-
enza season, 80% in 2018/2019, and 81% in 2019/2020.7–9 
Increasing coverage further could reduce influenza-associ-
ated morbidity and mortality in this age group. However, the 
Advisory Committee on Immunization Practices (ACIP) only 
recently recommended the preferential use of these vaccines 
over standard vaccines in adults ≥65.2 One potential concern 
was that a preferential recommendation may result in indi-
viduals delaying or foregoing vaccination if a higher-dose or 
adjuvanted vaccine is unavailable.

Here we use a mathematical model of influenza transmis-
sion and disease progression to evaluate the potential impact 
of changes in uptake of standard vaccines and higher-dose or 
adjuvanted vaccines by adults ≥65 on influenza-associated 
burden in the United States. We explore different trade-off sce-
narios that range from no delay or reduction in overall vaccine 
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coverage (best-case scenario) to a delay of 6 weeks and a 20 
percentage point reduction in vaccine coverage (worst-case 
scenario). We report the number of symptomatic cases, hos-
pitalizations, and deaths averted in adults ≥65 relative to a 
baseline scenario reflecting current vaccine uptake and assess 
the sensitivity of these outcomes to our parameter inputs.

METHODS

Mathematical Model
We used a deterministic mathematical model of influenza 

transmission and infection progression to simulate disease 
dynamics during a single season in the United States (eFigure 
1, http://links.lww.com/EDE/C18). The model is a system of 
ordinary differential equations that distinguish between sus-
ceptible, exposed (but not infectious), asymptomatic (or pres-
ymptomatic) and infectious, symptomatic and infectious, and 
recovered individuals (SEAIR).10,11 A fraction of symptomatic 
individuals develop severe disease requiring hospitalization, 
and a fraction of those hospitalizations are ultimately fatal. 
A proportion of the population remain immune for the dura-
tion of the season (reflecting pre-existing immunity) and we 
assumed individuals who recover from infection in the current 
season are immune to reinfection.12,13

To capture age-specific differences in contact pat-
terns, vaccine effectiveness (VE), and risks of developing 
severe disease and dying, we stratified the population into 
six age groups: 0–4, 5–12, 13–17, 18–49, 50–64, and ≥65. 
Vaccination occurred in all age groups throughout the season; 
all vaccinees <65 received a standard vaccine, whereas vac-
cinees ≥65 received either a standard vaccine or a higher-dose 
or adjuvanted vaccine. To align the model with data used for 
calibration (see below), we did not partition the 0–4 age group 
into infants less than or greater than 6 months. Although the 
former are ineligible for influenza vaccination, they consti-
tute less than 1% of the US population and thus have minimal 
impact on our analysis.14 Due to uncertainty in the magnitude 
of indirect effects provided by influenza vaccination,15–17 we 
initially assumed that standard vaccines and higher-dose or 
adjuvanted vaccines reduced the probability of developing 
symptoms if infected but did not protect against infection or 
onward transmission.18 However, we incorporated vaccine 
protection against infection and/or onward transmission at 
10% of protection against symptoms in sensitivity analyses. 
Finally, we assumed asymptomatic and presymptomatic indi-
viduals were as infectious as symptomatic individuals and 
did not explicitly model the use of antivirals or other mitiga-
tion measures. Further details on the modeling methods and 
assumptions can be found in the eAppendix, http://links.lww.
com/EDE/C18.

Baseline Model Calibration
We first calibrated the model to recent seasonal influ-

enza dynamics from 2011/12 to 2018/19, reflecting vaccine 
uptake without a specific preferential recommendation in 

place. This provided a “baseline” model to which all other 
scenarios could be compared. We used publicly available data 
to inform model inputs where possible. The US population 
and the fraction in each of our six age groups were obtained 
from US census data, and age-specific contact patterns were 
determined using a synthetic contact matrix (eFigure 2, http://
links.lww.com/EDE/C18).10,14,19 The proportion vaccinated 
in each age group and month, July to May, from 2011/12 
to 2018/19 (all products combined) were obtained from 
FluVaxView (eFigure 3, http://links.lww.com/EDE/C18).20 
We calculated average vaccine coverage rates for each month 
and age group across all seasons, and then translated these 
values to daily rates by dividing by the number of days in that 
month, assuming vaccination was evenly distributed within 
each month. These rates were used to calculate the number of 
individuals vaccinated daily in each age group before model 
simulation, and then proportionally distributed among the 
infection classes during each simulation. We approximated 
standard VE for each age group as the average VE reported 
by the CDC VE network from 2011/12 to 2018/19 (eTables 
1–2, http://links.lww.com/EDE/C18).21 Finally, age-specific 
risks of influenza hospitalization (case-hospitalization ratios, 
CHRs) and death (hospitalization-fatality ratios, HFRs) were 
informed by the ratios of total hospitalizations to illnesses 
and deaths to hospitalizations, respectively, reported by CDC 
from 2011/12 to 2018/19.22 Again, we used average values 
across all seasons as model inputs (eTables 1–2, http://links.
lww.com/EDE/C18).

We obtained the remaining epidemiologic parameter val-
ues through literature review (eTable 1, http://links.lww.com/
EDE/C18).22–31 To capture variation in the timing and severity 
of seasonal influenza epidemics, we calibrated the basic repro-
duction number R0, the timing of peak transmission, and the 
proportion of individuals with pre-existing immunity to gen-
erate two representative influenza seasons: (i) a moderate- to 
high-severity season with total burden outcomes (symptom-
atic cases, hospitalizations, and deaths) in the upper range of 
reports from 2011/12 to 2018/19 and a relatively early peak 
in incidence (henceforth referred to as the high-severity sea-
son); and (ii) a moderate- to low-severity season with burden 
outcomes in the lower range of previous reports and a later 
peak in incidence (henceforth referred to as the low-severity 
season; eTable 1 and eFigure 4, http://links.lww.com/EDE/
C18).32,33 Because lower VE could contribute to increased sea-
son severity, we assumed standard vaccines were less effective 
in the high-severity season (VE = 25%) than the low-severity 
season (VE = 40%). We then fixed the relative effectiveness of 
higher-dose or adjuvanted vaccines compared with standard 
vaccines (rVE) in adults ≥65 at 15%, where rVE is given by 
(VEHDAV − VE)/(1 − VE) × 100% and VEHDAV is the abso-
lute effectiveness of higher-dose or adjuvanted vaccines.4 We 
also assumed 75% of vaccinees ≥65 received a higher-dose or 
adjuvanted vaccine.7–9,34 Both parameters were varied in sub-
sequent analyses.
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Our calibrated baseline model (with no recommenda-
tion in place and maintaining baseline higher-dose or adju-
vanted vaccine uptake) captured epidemic dynamics typically 
observed in moderate- to high- and moderate- to low-severity 
seasons, such as the timing, age distribution, and total burden 
of influenza (eFigures 5–7 and eTable 3, http://links.lww.com/
EDE/C18).20,35

Incorporating Changes in Vaccine Preference
We modeled the potential impacts of a new preferen-

tial recommendation for higher-dose or adjuvanted vaccines 
in adults ≥65 through changes in vaccine uptake. First, we 
defined a range of trade-off scenarios that accounted for (i) 
delays in the administration of additional higher-dose or 
adjuvanted vaccines relative to the timing of baseline vac-
cination administration; and/or (ii) decreases in overall 
vaccine uptake. Such scenarios could occur if there were 
impediments to finding locations that offered higher-dose 
or adjuvanted vaccines; if physicians only recommended 
higher-dose or adjuvanted vaccines to patients; or if indi-
viduals only offered standard vaccines elected to forego 
vaccination. We considered pairwise combinations of best, 
intermediate, and worst-case values for both parameters 
relative to baseline vaccination, with delays of 0, 3, and 6 
weeks in the administration of additional higher-dose or 
adjuvanted vaccines to those formerly receiving a standard 
vaccine, and reductions in overall vaccine coverage of 0, 10, 
or 20 percentage points to represent former standard vac-
cine recipients who forego vaccination entirely. We did not 
consider differences in vaccine safety or monetary costs. In 
tandem, we incorporated the potential benefits of a new rec-
ommendation by allowing the proportion of vaccinees ≥65 
who receive a higher-dose or adjuvanted vaccine to increase 
0–20 percentage points relative to baseline. The ranges 
defined above reflect our uncertainty in how a preferential 
recommendation will impact vaccine uptake.

In addition to the uncertainty incorporated through the 
trade-off and benefit parameters, we incorporated uncertainty 
through two other key vaccine parameters from the baseline 
model: we varied the fraction of vaccinees ≥65 receiving a 
higher-dose or adjuvanted vaccine at baseline between 60% 
and 80% and rVE between 5% and 35%.3,6–9,34 The different 
sources of uncertainty were combined by first constructing 
1,000 uniform Latin hypercube samples from the baseline 
higher-dose or adjuvanted vaccine uptake, the increase in 
higher-dose or adjuvanted vaccine uptake relative to baseline, 
and rVE. We ensured that the fraction of vaccinated and unvac-
cinated adults ≥65 summed to 1 but assumed the parameters 
were otherwise independent. We then simulated the model 
for each Latin hypercube sample (1,000 total), trade-off sce-
nario combination (nine total), and season severity (high and 
low).36,37 This resulted in 18,000 simulations spanning a wide 
range of possible outcomes. For each simulation, we com-
pared the number of symptomatic cases, hospitalizations, and 

deaths in adults ≥65 with the new recommendation in place to 
that of the corresponding baseline model (with no recommen-
dation and with baseline higher-dose or adjuvanted vaccine 
uptake). Changes in burden in other age groups were minimal 
and are not presented.

Sensitivity Analyses
We explored the sensitivity of the model to five key 

parameters: baseline higher-dose or adjuvanted vaccine 
uptake, rVE, the increase in higher-dose or adjuvanted vac-
cine uptake relative to baseline, the delay in additional 
higher-dose or adjuvanted vaccine administration relative 
to baseline, and the reduction in overall vaccination cover-
age relative to baseline (eTable 1, http://links.lww.com/EDE/
C18). First, we conducted a one-way sensitivity analysis by 
varying each parameter in turn and recalculating the impact of 
the new recommendation while keeping all other parameters 
fixed. Second, we performed a two-way sensitivity analysis 
by simultaneously varying the two trade-off scenario param-
eters while keeping all other parameters fixed. We calculated 
the impact of the recommendation at each point in this 2D 
space and then identified the threshold that partitioned the 
regions where these impacts were positive or negative. Finally, 
we conducted a multiway sensitivity analysis using a partial 
rank correlation coefficient framework.38 We first expanded 
our Latin hypercube sampling approach to include the trade-
off scenario parameters, allowing them to vary uniformly 
between their lower and upper limits (eTable 1, http://links.
lww.com/EDE/C18). We recalculated the impact of the new 
recommendation for each season severity (high and low) and 
new Latin hypercube sample (1,000 total), resulting in 2,000 
additional simulations. We then identified the independent 
influence of each parameter by quantifying its nonparametric 
partial rank correlation with the number of hospitalizations in 
adults ≥65 averted by the new recommendation.38 All analy-
ses were performed in R 4.0.3 using the deSolve, flumodels, 
tidyverse, lhs and sensitivity packages.10,39–43 Visualizations 
were created using the gplots, ggforce, ggpubr, patchwork, 
viridis, and scico packages.44–49

RESULTS
In the best-case scenario, which allowed higher-dose 

or adjuvanted vaccine uptake to increase but assumed no 
delay or reduction in overall coverage, the preferential rec-
ommendation always resulted in fewer symptomatic cases, 
hospitalizations, and deaths relative to baseline (Figure 1 and 
eFigure 8, http://links.lww.com/EDE/C18, where positive val-
ues indicate a decrease in burden relative to the correspond-
ing baseline simulation and therefore a positive impact of the 
recommendation). However, in the intermediate and worst-
case scenarios, the assumed increase in uptake of higher-dose 
or adjuvanted vaccines was often insufficient to outweigh 
the trade-offs of delayed or reduced vaccine coverage. For 
example, introducing delays of 3 or 6 weeks in additional 
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higher-dose or adjuvanted vaccine administration (without a 
reduction in overall coverage) allowed burden to increase in 
the high-severity season, and reducing overall coverage by 10 
or 20 percentage points (with or without a delay in administra-
tion of higher-dose or adjuvanted vaccines) allowed burden to 
increase in both seasons.

Within each trade-off scenario, there was substantial 
variation in the potential impacts of a new recommendation 
due to parameter uncertainty: the predicted change in deaths, 
hospitalizations, and symptomatic cases varied by as much 
as 1,000, 9,000 and 100,000, respectively, within a particu-
lar scenario and season (Figure  1A, eFigure 8, http://links.

lww.com/EDE/C18). There were also differences between 
the high- and low-severity seasons, with the latter generally 
experiencing smaller magnitude changes in absolute burden 
(Figure  1A) but greater changes in the percentage relative 
to baseline (Figure 1B). Incorporating indirect protection by 
allowing vaccines to protect against infection and/or onward 
transmission did not impact our overall findings (eFigure 9, 
http://links.lww.com/EDE/C18). In general, our results high-
light the large degree of uncertainty in the potential direction 
(positive or negative) and magnitude of changes in burden 
following a preferential recommendation for higher-dose or 
adjuvanted vaccines.
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FIGURE 1.  Averted hospitalizations in adults ≥65 under different trade-off scenarios. Bars indicate the mean number (A) and 
percentage relative to baseline (B) of averted hospitalizations from 1,000 uniform Latin hypercube parameter combinations; error 
bars are the 95th percentiles. Each panel shows a different combination of the delay in administration of additional higher-dose 
or adjuvanted vaccines (0, 3, or 6 weeks), and reduction in overall vaccine coverage (0, 10, or 20 percentage points). Positive 
values indicate a decrease in burden relative to the corresponding baseline simulation and therefore a positive impact of the new 
recommendation. Results for the number of averted symptomatic cases and deaths are shown in eFigure 8, http://links.lww.com/
EDE/C18, and results assuming a logit-normal distribution for rVE with a median value of 15% are shown in eFigure 12, http://
links.lww.com/EDE/C18. rVE indicates relative vaccine effectiveness.
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Given this large uncertainty, we conducted sensitivity 
analyses to identify parameters that were most influential in 
determining the potential change in influenza burden associ-
ated with a preferential recommendation for higher-dose or 
adjuvanted vaccines. The one-way sensitivity analysis identi-
fied the potential reduction in overall vaccine coverage as hav-
ing the strongest influence on the eventual change in disease 
burden (Figure 2A). The next most influential parameters in 
the high-severity season were the delay in additional higher-
dose or adjuvanted vaccine uptake and rVE. The latter was 
also important in the low-severity season, as was the increase 
in uptake of higher-dose or adjuvanted vaccines following the 
new recommendation. The greater importance of increasing 
higher-dose or adjuvanted vaccine uptake in the low-severity 
season is likely due to the greater assumed absolute effective-
ness of higher-dose or adjuvanted vaccines in this season: there 

is more to gain for each additional individual who receives 
a higher-dose or adjuvanted vaccine instead of a standard 
vaccine. Conversely, the greater importance of the delay in 
higher-dose or adjuvanted vaccine uptake in the high-severity 
season is due to our assumptions on season timing: the high-
severity season occurs earlier than the low-severity season, 
and thus is more likely to have begun before the completion 
of a delayed vaccination campaign (eFigure 5B, http://links.
lww.com/EDE/C18). The partial rank correlation coefficient 
results supported the one-way sensitivity analysis (eFigure 10, 
http://links.lww.com/EDE/C18).

Finally, we conducted a two-way sensitivity analysis of 
the two trade-off parameters to identify thresholds where the 
burden averted by a recommendation changed from positive to 
negative. Strikingly, we found that in a scenario with relatively 
optimistic parameter values (10 percentage point increase in 

FIGURE 2.  The reduction in overall vaccine coverage has the greatest impact on predicted outcomes. One-way (A) and two-
way  (B) sensitivity analyses assessing the impact of key parameters on the number of hospitalizations averted in adults ≥65. 
Positive values indicate a positive number of hospitalizations were averted relative to the corresponding baseline simulation and 
thus the new recommendation had a positive impact (i.e., reduced the total number of hospitalizations). Parameter ranges are 
given in eTable 1, http://links.lww.com/EDE/C18. In (B), rVE is 15%, 75% of vaccinees ≥65 receive an HDAV at baseline, and there 
is a 10 percentage point increase in HDAV uptake following the new recommendation. rVE indicates relative vaccine effectiveness 
and HDAV indicates higher-dose or adjuvanted vaccine.
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higher-dose or adjuvanted vaccine uptake, 75% higher-dose 
or adjuvanted vaccine uptake at baseline, and 15% rVE), we 
could afford a maximum reduction in overall coverage of four 
percentage points before the new recommendation increased 
the estimated disease burden relative to baseline (Figure 2B). 
Increasing higher-dose or adjuvanted vaccine uptake by 15 
percentage points following the recommendation only mar-
ginally improved this threshold (eFigure 11, http://links.lww.
com/EDE/C18). Overall, our findings reveal the importance 
of the trade-off parameters, particularly the reduction in over-
all vaccine coverage, in determining the impact of a new pref-
erential recommendation.

DISCUSSION
We evaluated the potential impact of changes in vaccine 

uptake following a preferential recommendation for higher-
dose or adjuvanted vaccines in adults ≥65 on influenza-asso-
ciated burden in the United States. We found a wide range of 
outcomes that were mediated by the relative delay and reduc-
tion in overall vaccine coverage, rVE, and the timing and 
severity of the influenza season. In a best-case scenario, with 
no assumed delay or coverage reduction, a preferential rec-
ommendation could decrease the number of hospitalizations 
and deaths in adults ≥65 years by 0%–4% compared with 
current uptake (Figure 1B). However, intermediate and worst-
case scenarios, with assumed delays of 3 or 6 weeks and/or 
10 or 20 percentage point reductions in coverage, included 
projections in which hospitalizations and deaths increased by 
over 7%. Thus, except in a best-case scenario with no delay or 
reduction in vaccine coverage, our results always included the 
potential for increased disease burden following a preferential 
recommendation.

Our analyses illustrate that higher-dose or adjuvanted 
vaccines can decrease influenza burden in adults ≥65 if there 
is timely and adequate access to these vaccines, and if stan-
dard vaccines are used when they are unavailable. Notably, 
the ACIP preferential recommendation includes the caveat 
that “any other age-appropriate influenza vaccine should be 
used” if a higher-dose or adjuvanted vaccine is unavailable 
at the time of vaccination, which may encourage standard 
vaccine use when necessary. This may be especially impor-
tant for the approximately 20% of community-dwelling 
adults ≥65 years who receive a standard vaccine rather than 
a higher-dose or adjuvanted vaccine.7–9 More generally, a 
better understanding of the factors that determine whether 
a standard vaccine or a higher-dose or adjuvanted vaccine 
is received could help increase use of the latter in upcom-
ing seasons and thus enhance the impact of the preferential 
recommendation.

Here we considered trade-off scenarios that covered a 
spectrum of possible outcomes regarding changes in vaccine 
timing and uptake, from optimistic (no delay or reduction in 
coverage) to pessimistic (6-week delay and 20 percentage 
point reduction in coverage), and investigated the sensitivity 

of our results to these values. We also included other impor-
tant sources of uncertainty (such as season timing and 
severity, rVE, and the increase in higher-dose or adjuvanted 
vaccine uptake) to fully explore the range of plausible out-
comes that could occur. Although previous modeling studies 
have considered similar trade-offs when exploring how the 
timing of influenza vaccination influences burden within a 
season,50,51 we are not aware of any studies that assess such 
trade-offs within the context of changing uptake of standard 
vaccines and higher-dose or adjuvanted vaccines. Therefore, 
our results are useful in highlighting key issues that may 
impact the benefits of the preferential recommendation—
such as attitudes toward, and access barriers to, higher-dose 
or adjuvanted vaccines—that can be evaluated and poten-
tially mitigated if present.

Our analyses are subject to several limitations. First, 
we only stratify individuals by age and not by other factors 
that may influence VE and/or uptake, such as medical comor-
bidities, location of residence, the infecting influenza strain, 
vaccination history, or race and ethnicity. In particular, racial 
and ethnic disparities in uptake of higher-dose or adjuvanted 
vaccines suggest there may be underlying heterogeneity that 
we have not considered.52 Incorporating such heterogene-
ity would require additional data describing vaccine uptake 
within each subgroup but should be continued in future work 
to address these disparities.

Second, we omit the use of nonpharmaceutical interven-
tions and antivirals to avoid additional uncertainty that is sec-
ondary to the focus of this study. We, therefore, assume these 
factors are independent of vaccination and the preferential 
recommendation, and thus should impact the model equally in 
the baseline and recommendation scenarios and have minimal 
impact on our overall conclusions.

Finally, we made several simplifying assumptions 
regarding vaccine type and effectiveness. First, we did not 
stratify higher-dose or adjuvanted vaccines within the model 
as high-dose, adjuvanted, or recombinant. Instead, differences 
in their effectiveness and uptake are implicitly incorporated 
through the wide parameter ranges we have explored. We 
also did not explicitly consider cell-based vaccines as these 
are not included in the preferential recommendation and thus 
should impact the model equally in the baseline and recom-
mendation scenarios. Second, we primarily assumed that vac-
cines only protect against symptoms and do not reduce an 
individual’s risk of infection or onward transmission given 
infection. Incorporating additional protection against infec-
tion or onward transmission changed the magnitude of pre-
dicted outcomes but did not affect our overall conclusions. 
Exploring these additional facets of vaccine-mediated pro-
tection more fully would increase the parameter uncertainty 
propagating into model outcomes as these quantities are not 
well known.15–17 Third, we assumed the vaccine parameters 
included in our Latin hypercube sampling procedure (base-
line higher-dose or adjuvanted vaccine uptake, rVE, and the 
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increase in higher-dose or adjuvanted vaccine uptake follow-
ing a preferential recommendation) were independent and 
uniformly distributed. Although estimates of these parameters 
from a representative sample of seasons would be required 
to inform different distribution assumptions, we did find that 
employing a nonuniform distribution for rVE did not impact 
our conclusions (eFigure 12, http://links.lww.com/EDE/C18). 
Last, we assumed everyone <65 received a standard vaccine 
when in fact recombinant vaccines are licensed for adults 
≥18. However, our assumed values for standard VE are taken 
from studies that consider all vaccines administered to each 
age group and thus account for the use of recombinant vac-
cines in adults <65.21

In this study, we explored how a preferential recommen-
dation for higher-dose or adjuvanted vaccines over standard 
vaccines in adults ≥65 could impact seasonal influenza bur-
den in the United States. Our findings indicate that greater 
use of higher-dose or adjuvanted vaccines might decrease 
influenza burden in adults ≥65 years but reveal the potential 
for increased burden if delays or reductions in vaccine cov-
erage occur. Timely and adequate access to higher-dose or 
adjuvanted vaccines, and the use of standard vaccines when 
these vaccines are unavailable, are therefore critical to ensure 
that the preferential recommendation for higher-dose or adju-
vanted vaccines in adults ≥65 does not inadvertently increase 
seasonal influenza burden in the United States.
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