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A B S T R A C T

Objectives: As of 2019, quadrivalent influenza vaccine (QIV) has replaced trivalent influenza vaccine (TIV) in the national
immunization program in The Netherlands. Target groups are individuals of 601 years of age and those with chronic diseases.
The objective was to estimate the incremental break-even price of QIV over TIV at a threshold ofV20 000 per quality-adjusted
life-year (QALY).

Methods: An age-structured compartmental dynamic model was adapted for The Netherlands to assess health outcomes and
associated costs of vaccinating all individuals at higher risk for influenza with QIV instead of TIV over the seasons 2010 to
2018. Influenza incidence rates were derived from a global database. Other parameters (probabilities, QALYs and costs)
were extracted from the literature and applied according to Dutch guidelines. A threshold of V20 000 per QALY was
applied to estimate the incremental break-even prices of QIV versus TIV. Sensitivity analyses were performed to test the
robustness of the model outcomes.

Results: Retrospectively, vaccination with QIV instead of TIV could have prevented on average 9500 symptomatic influenza
cases, 2130 outpatient visits, 84 hospitalizations, and 38 deaths per year over the seasons 2010 to 2018. This translates into
385 QALYs and 398 life-years potentially gained. On average, totals of V431 527 direct and V2 388 810 indirect costs could
have been saved each year.

Conclusion: Using QIV over TIV during the influenza seasons 2010 to 2018 would have been cost-effective at an incremental
price of maximally V3.81 (95% confidence interval, V3.26-4.31). Sensitivity analysis showed consistent findings on the
incremental break-even price in the same range.

Keywords: cost-effectiveness, influenza, quadrivalent influenza vaccine, vaccination.
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Introduction

Seasonal influenza causes one of the highest disease burdens of
any infectious disease in The Netherlands.1 The disease is mostly
caused by influenza virus types A and B, which are both subdivided
into different strains (for example, H1N1 and H3N2 for type A, and
B/Yamagata and B/Victoria for type B).2 The average annual medical
burden associated with influenza infection is estimated at
approximately 1000 to 5500 symptomatic cases per 100 000 in-
habitants during recent respiratory seasons (2012-2018),3,4 with a
corresponding total estimated annual excess mortality of 3900 to
9444 cases per year in The Netherlands. Despite having a national
vaccination program in place, the burden of influenza in The
Netherlands is still particularly high among older adults (65 years
and older), in which influenza infection attributes to approximately
14 000 hospitalizations per year.4
15 - see front matter Copyright ª 2020, ISPOR–The Professional Society for
cess article under the CC BY license (http://creativecommons.org/licenses/b
Since 1993, the principal strategy to prevent influenza in The
Netherlands has been seasonal vaccination with a trivalent influ-
enza vaccine (TIV). TIV is offered free of charge to individuals in
The Netherlands who belong to the risk groups—the older adults
(60 years or older) and individuals with chronic diseases, such as
recommended.3,4 With an average vaccination coverage of 21% of
the total Dutch population, it has been calculated that an esti-
mated average of 13% of infections, 24% of hospitalizations, and
35% of deaths across the total population have been prevented
with TIV vaccination in the influenza seasons of 2003 to 2015.5

However, the burden associated with influenza is still substan-
tial. The remaining disease burden can be partly attributed to
decreasing vaccination coverage rates (49.9% of the total popula-
tion at risk in 2018 compared to 68.9% in 2010)6,7 but certainly also
by occasional mismatches between the circulating influenza B
lineage and the B lineage included in the vaccine. TIV contains 2
Health Economics and Outcomes Research. Published by Elsevier Inc. This is an
y/4.0/).
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Figure 1. Decision tree of health economic model.
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influenza type-A strains and 1 of the influenza type-B strains,
depending on the prediction of the WHO each season. As these
predictions involve inherent uncertainty, a mismatch can occur
between the circulating influenza B strain and the B strain
included in the vaccine, reducing the vaccine effectiveness of the
TIV involved. Moreover, even further in the future, the vaccine
effectiveness of the TIV is expected to reduce in mismatched
seasons due to antigenic drift of both B-lineages. Antigenic drift is
a mechanism that causes small changes of the genes of influenza
viruses, which can lead to decreasing cross-reactivity of the B-
lineages over time.8–10

The Dutch national authorities responded to the recent mis-
matches by switching from the TIV to the quadrivalent influenza
vaccine (QIV) as of the 2019 to 2020 influenza season.11 QIV may
provide better health outcomes compared to TIV because QIV
contains both B-type strains in the vaccine, potentially avoiding
future mismatches; however, QIV is also more expensive than TIV.
The clinical and economic effects of replacing TIV with QIV for The
Netherlands have so far only been captured by a straightforward
static model, which estimated the cost-effectiveness of QIV if it
had been implemented in The Netherlands during the last 8
influenza seasons.12 An integrated analysis designed to fully cap-
ture the complexity of the dynamics of infections in humans,
including the indirect effects of herd protection on unvaccinated
individuals, is yet to be realized. As these factors may considerably
influence the cost-effectiveness of a national immunization pro-
gram against influenza, this study aimed to assess the incremental
price at which the switch from TIV to QIV is still cost-effective
using a dynamic modeling approach.
Method

Overview

An age-structured compartmental model with a dynamic
retrospective framework was used over an 8-year time horizon
(covering the seasons 2010-2011 through 2017-2018) to compare
the effects of QIV versus TIV on both clinical and economic out-
comes for the entire population of The Netherlands. In our base
case, we used our model to simulate the vaccination strategy if TIV
had been replaced by QIV in the total population eligible for
vaccination (adults 60 years or older, and individuals with chronic
diseases), by modeling the QIV coverage rate as the actual TIV
coverage rates reported for each season.5,13 The clinical outcomes
of the simulation include the annual incidence of symptomatic
influenza infection, general practitioner (GP) consultations, hos-
pitalizations, and deaths over a time horizon of 8 years. Costs were
assessed from the third-party payer (TPP) perspective, which in-
cludes direct medical costs, as well as from the societal perspec-
tive, which also considers over-the-counter medication and
indirect costs due to productivity losses. The incremental break-
even price of QIV over TIV is calculated from the societal
perspective because this perspective is recommended for eco-
nomic evaluations in The Netherlands.14 This is calculated by using
a threshold of V20 000 per QALY, which is frequently applied as
the threshold for preventive interventions in The Netherlands.15

Dynamic Transmission Model

To estimate age-stratified numbers of symptomatic influenza
cases, a published dynamic transmission model was used. This
model was originally developed and published by Crepey et al16

and has been adapted to The Netherlands. It was considered that
a complex dynamic model was to be preferred, to adequately
include all impacts on transmission of the virus, inclusive among
nonvaccinated groups or those where the vaccine was not effec-
tive.17 Ergo, indirect effects of herd effects as well the complexity
of dynamic human behavior (interactions within- and between-
hosts) were included.18–20 Given the major distinction between
QIV and TIV concerning influenza B, the model explicitly distin-
guished between influenza A and both types of influenza B (Vic-
toria and Yamagata). The dynamic transmission model, including
model inputs (eg, influenza incidence, vaccine efficacy, and
coverage), are described in the Supplemental Materials found at
https://doi.org/10.1016/j.jval.2020.11.002.

Economic Model

For the economic component of the model, an age-structured
decision tree model was used, developed in Excel 2010 and
linked to the dynamic transmission model.16,21 The output of the
epidemiological component in terms of age-stratified symptom-
atic influenza cases served as input for the economic component.
Subsequently, the age groups of the epidemiological model were
recategorized in the economic model to align with available data
on economic parameters. The symptomatic influenza cases were
divided into 4 categories concerning outcomes: no medical
attention, GP visit, hospital admission, and death (Fig. 1).21 The
input parameters of the economic model, including probabilities,
costs, and QALYs, can be found in the Supplemental Materials
found at https://doi.org/10.1016/j.jval.2020.11.002.

Outcomes

Outcomes were expressed in health effects and incremental
costs. Costs were expressed in 2018 price levels and were not
discounted because the analysis was retrospective and the costs of
influenza in our model occurred within the same year as the
infection.22 Health effects were discounted at 1.5% per annum.14

The incremental cost-effectiveness ratio (ICER) was calculated by
dividing the incremental costs by the incremental QALYs. Because
influenza vaccination is offered through a public program inwhich
the vaccines are centrally procured via EU tender procedures, net
prices of the vaccines are usually lower than the official list prices.
Hence, the list prices are not representative for the actual costs of
the vaccination program. In addition, the National Institute for
Public Health in The Netherlands (RijksInstituut voor Volksge-
zondheid & Milieu; RIVM), who is responsible for the procurement
of vaccines, awards the supply contracts to 2 vaccine producers in
a 60:40 volume ratio, which may also result in 2 different price
offers. Therefore, because the contract prices remain confidential

https://doi.org/10.1016/j.jval.2020.11.002
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Table 1. Base-case results of the annually estimated number of influenza B cases, hospitalizations, and deaths; QALYs lost because of
influenza B related death; and total costs of the quadrivalent influenza vaccine (QIV) compared with the trivalent influenza vaccine (TIV)
after a switch from TIV to QIV in the population eligible for vaccination, over the period 2010 to 2018.

TIV Complete switch from TIV to QIV

Current situation New situation Difference

Clinical influenza B outcomes

Total number of symptomatic cases
(input from dynamic transmission model)

171 877 162 408 29469

Total number outpatient visits 38 049 35 919 22130

Total number of hospitalizations 1018 934 284

Total number of deaths 235 196 238

Health effects

Total QALYs lost because of influenza
illness

792 746 246

Total QALYs lost because of influenza-
associated death

2112 1774 2339

Total life-years lost because of influenza-
associated death

2483 2085 2398

Costs

Vaccination V47 025 273 V58 128 673 V11 103 400

Outpatient visit V1 633 769 V1 523 365 V-110 404

Hospitalized V4 462 192 V4 085 987 V-376 205

Productivity losses V41 504 703 V38 582 142 V-2 922 561

QALY indicates quality-adjusted life-year; QIV, quadrivalent influenza vaccine; TIV, trivalent influenza vaccine.
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and unknown, the incremental break-even price of QIV over TIV
was calculated from a societal perspective by using a threshold of
V20 000 per QALY in the base case. This threshold is often applied
for vaccines that are used in public programs in The Netherlands.23

Sensitivity and Scenario Analysis

Sensitivity and scenario analyses were performed using the
incremental break-even price obtained in the base-case analysis. A
deterministic sensitivity analysis was conducted to assess the
impact of individual parameters on the results. For the hospitali-
zation costs, the minimum and maximum values were based on
the reported boundaries of the 95% confidence intervals (CI).
Probabilities and utilities varied by 625% from the base-case
value.

To describe the impact of the combined parameter uncertainty
on the model outcomes, a probabilistic sensitivity analysis (PSA)
was performed. A distribution was created for all uncertain pa-
rameters, depending on the underlying data. A beta distribution
was used for the probabilities and QALY losses, and a gamma
distribution for the costs (hospitalization, outpatient visit, pro-
ductivity losses) in which the parameter’s range depends on the
minimum and maximum values. The PSA was performed by
recalculating the ICER 1000 times, while all input variables were
varied simultaneously over their distribution.

Moreover, to further explore the variation in the base case, 6
scenario analyses were performed. In scenario 1, the relatively
high TIV coverage rates of the year 2010 were applied for the
entire period from 2010 to 2018 for QIV only (see Supplemental
Materials found at https://doi.org/10.1016/j.jval.2020.11.002 for
the vaccination coverage) to show the impact on the ICER of such a
higher coverage rate. This scenario assumed that since 2010 the
declining vaccination coverage rate could have been averted.24
Although not yet officially published, preliminary observations
of the season 2019 to 2020 vaccine coverage rates—when QIV was
implemented—seem to confirm a higher vaccine coverage rate. In
scenario 2, 3, and 4, the cross-protection rate between the B lin-
eages was changed to 0%, 50%, and 90%, respectively, to account
for the uncertainty in the assumption on cross-protection in the
base case (70%). In scenario 5, we analyzed the cost-effectiveness
of QIV compared to TIV in the predominant risk group of the older
adult population (60 years and older) only; we assumed that TIV
was replaced with QIV only for the population aged 60 years and
older, whereas the remaining age groups belonging to the risk
group continued to receive TIV. Lastly, in scenario 6, different
epidemiological data, obtained from The Netherlands and England
over the period 2003 until 2015, were used as input data for the
probability rates for hospitalizations and deaths.5 Notably, the
probabilities for both parameters used in this scenario analysis
were lower than the probabilities used in the base case.

Results

Base Case

Replacing TIV with QIV for the whole eligible at-risk popula-
tion in The Netherlands for the influenza seasons 2010 to 2011
through 2017 to 2018 (assuming the actual vaccination coverage
rates during the evaluated seasons) resulted in 9469 (5.5%)
symptomatic influenza B cases that were averted annually. In
addition, 2130 (5.6%) outpatient visits, 84 (8.3%) hospitalizations,
and 38 (16.2%) deaths were averted (Table 1). The retrospective
health effects of QIV on influenza illness and influenza-associated
death translated into a total of 385 QALYs and 398 life-years
gained. Switching from TIV to QIV could have saved an esti-
mated total of V86 609 (8.0%) in direct costs, comprising V110 404

https://doi.org/10.1016/j.jval.2020.11.002


Table 2. Incremental costs and health outcomes and the related
ICER of the switch from TIV to QIV in the population eligible for
vaccination. Health outcomes include an annual discount rate of
1.5%.

Complete switch from
TIV to QIV, difference

Incremental costs

Direct healthcare costs V10 616 791

Direct healthcare costs 1 indirect costs V7 694 230

Incremental health outcomes

Life-year saved 488

Life-year saved (discounted) 398

QALY saved 465

Total QALY saved (discounted) 385

ICER (V per QALY gained)

Payer perspective V22 845

Payer perspective (discounted) V27 597

Societal perspective V16 557

Societal perspective (discounted) V20 000

ICER indicates incremental cost-effectiveness ratio; QALY, quality-adjusted life-
year; QIV, quadrivalent influenza vaccine; TIV, trivalent influenza vaccine.
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in outpatient visit costs and V376 205 in hospitalization costs.
From the societal perspective, an additional V2 922 561 was saved
on productivity losses, which is a 7.0% reduction of the total so-
cietal costs. The incremental costs were estimated at V10 616 791
from the TPP perspective, which include the outpatient visits and
hospitalizations costs, and vaccination costs of V11103 400 due to
the procurement of QIV instead of TIV (Table 2). From a societal
perspective, the incremental costs were estimated at V7 694 230.
The total costs and QALYs were used to calculate an incremental
break-even price, assuming a threshold of V20 000 per QALY from
the societal perspective. This resulted in a maximum incremental
Figure 2. Tornado diagram of the univariate sensitivity analysis.

Flu indicates influenza; ICER, incremental cost-effectiveness ratio.
price of QIV over TIV of V3.81 (95% CI V3.26-4.31). Ergo, prices
greater than V3.81 increment are considered not cost-effective in
The Netherlands. The ICER from the TPP perspective was esti-
mated at V27 597 per QALY when the same estimated incremental
price was applied. The incremental break-even price of QIV over
TIV from TPP perspective was estimated at V2.81, assuming a
threshold of V20 000 per QALY.

Sensitivity Analysis

Outcomes of the deterministic sensitivity analysis are dis-
played in a tornado diagram (Fig. 2). The ICER was most sensitive
to changes in the probability of death per symptomatic influenza
case. Two other parameters with a medium impact on the ICER
were the probability of hospitalization per influenza case and the
costs of hospitalization. Utility losses for influenza infection and
hospitalization (for all ages) had a very small impact on the ICER.

Results of the PSA are presented in a cost-effectiveness
acceptability curve and a cost-effectiveness plane (Fig. 3). The
cost-effectiveness plane shows robustly scattered results of the
PSA. Results of the acceptability curve reveal that the probability
that QIV is cost-effective is 44.8% at a willingness to pay (WTP) of
V20 000 per QALY. Moreover, the PSA demonstrated that 100% of
the simulations were cost-effective from the societal perspective
using a WTP of V26 750 per QALY.

Scenario Analysis

Results of the scenario analysis are shown in Table 3. Scenario
analyses showed a 68% decrease in the ICER when it was assumed
that the 2010 (high) coverage rates were used for all seasons (see
Supplemental Materials found at https://doi.org/10.1016/j.jval.202
0.11.002.). Adjustments of the cross-protection rate have a major
impact on the ICER; changing the 70% base-case cross-protection
rate to 0% or 50% decreased the ICER 98% and 58%, respectively,
and a rate of 90% increased the ICER significantly (318% increase).
A 28% increase of the ICER was observed when only the popula-
tion aged 60 years and older was switched from TIV to QIV,
instead of the total at risk population. For scenario 6, in which

https://doi.org/10.1016/j.jval.2020.11.002
https://doi.org/10.1016/j.jval.2020.11.002


Figure 3. Cost-effectiveness acceptability curve (CEAC) (left) and cost-effectiveness plane (right) for the switch from the trivalent
influenza vaccine (TIV) to the quadrivalent influenza vaccine (QIV) in the Dutch National Influenza Immunization Program.

QALY indicates quality-adjusted life-years.
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different probabilities for hospitalization and deaths were used,5

the ICER increased by 12%.
Discussion

Our analysis indicates that vaccination with QIV instead of TIV
between 2010 and 2018 would have reduced the health burden of
influenza during that period, with an estimated average of 9500
averted symptomatic influenza cases. In addition, 2130 outpatient
visits, 84 hospitalizations, and 38 deaths could have been averted
per year. Furthermore, assuming a WTP of V20 000 per QALY, the
switch to QIV in The Netherlands would have been cost-effective
from the societal perspective, with an incremental QIV price of
Table 3. Scenario analyses with: (1) high vaccine coverage for quad
B-lineages; (3) low cross-protection between B-lineages; (4) high cro
(TIV) replaced with QIV only for the population aged 60 years and
population continued to receive TIV, and (6) different input data for t

Base case

Scenario

1. High vaccine coverage for QIV

2. No cross-protection between B lineages

3. Low cross-protection between B lineages (50% of matched efficacy aga
mismatched lineage)

4. High cross-protection between B lineages (90% of matched efficacy aga
mismatched lineage)

5. Only switching to QIV in older adults (601)

6. Probabilities by Backer et al 20195

ICER indicates incremental cost-effectiveness ratio; QALY, quality-adjusted life-year; Q
V3.81 (95% CI V3.26-4.31) per dose versus the cost price of TIV.
The 9500 annually averted symptomatic influenza cases translate
into 385 QALYs gained. Additionally, on average, V2.8 million in
societal costs would have been saved each year. The ICER was
most sensitive to the probability of death after an influenza
infection. The PSA indicates that our outcomes are robust and
showed that 44.8% of the simulations were below the threshold of
V20 000 per QALY. However, at a threshold of V26 750 per QALY,
all the simulations were cost-effective.

In our scenario analysis, we applied the relatively high 2010
vaccine coverage rates for QIV during all the seasons in the 8-year
time horizon, as we might have seen no decrease in vaccine
coverage rate, as was seen for TIV, would QIV have been imple-
mented in 2010. The Ministry of Health also suggested that the
rivalent influenza vaccine (QIV); (2) no cross-protection between
ss-protection between B-lineages; (5) trivalent influenza vaccine
over, while the remaining age groups belonging to the at-risk
he probability rates for hospitalizations and deaths.

Incremental
costs

Incremental health
effects (QALYs)

ICER (V per
QALY gained)

V7 694 230 385 V20 000

V9 609 636 1500 V6406

V483 882 1524 V317

inst the V5 708 444 684 V8347

inst the V9 339 233 147 V63 666

V7 241 455 283 V25 622

V7 764 014 346 V22 408

IV, quadrivalent influenza vaccine.
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better vaccine efficacy of QIV compared to TIV in itself could
already contribute to an increase of the vaccine coverage rates,
considering that decreased confidence in the vaccine’s efficacy
was identified to be the foremost reason for individuals to refuse
an influenza vaccination.25,26 The ICER decreased significantly
when higher coverage rates for QIV only were included. Another
scenario analysis assumed offering QIV to those 60 years and older
only, while maintaining the group below 60 years on TIV, to
analyze whether such an approach to reduce budget impact would
influence the cost-effectiveness. We found that a complete switch
is more cost-effective because the ICER increased with 28%
compared to the base case in which the whole eligible population
is vaccinated. Probably, there is still a considerable disease burden
in the at-risk population below 60 years and a positive effect on
herd immunity when the at-risk group younger than 60 years are
also vaccinated.

A similar economic analysis, assessing the switch from TIV to
QIV, has been performed by the RIVM for the purpose of vacci-
nation policy decision making.12 Although the outcomes of this
recent study have been made publicly available, the model spe-
cifics and input data have not been published and thus have not
been peer reviewed. However, it is documented that a static cost-
effectiveness model was adopted in their study. The study con-
ducted by the RIVM estimated that 4562 symptomatic influenza
cases were averted, which is 48% lower than the cases averted in
our estimation. Additionally, it was estimated that 348 hospitali-
zations and 84 deaths were averted, which is, respectively, 24%
and 45% higher when compared to our study. The significantly
higher hospitalization and mortality reduction among older adults
from the RIVM’s static economic model analysis mainly contrib-
uted to a more favorable ICER compared to our analysis (V12 500/
QALY versus V20 000/QALY), as more QALYs were averted (631
versus 385) in the RIVM’s study. However, the increase in overall
vaccination costs due to switching from TIV to QIV for the whole
population eligible for vaccination was comparable (V9.8 million
in RIVM analysis versus V10.6 million in our analysis), and thus
both analyses estimated a comparable increase in the QIV price.
The societal costs saved (before the inclusion of the vaccination
costs incurred) were lower in the static model (V1.8 million versus
V2.8 million), which can be attributable to multiple factors (eg,
lower hospitalization costs, fewer GP visits). Even though 1 spe-
cific scenario analysis was conducted with parameters from the
study conducted by the RIVM (scenario 6),5 the ICER and/or the
number of averted hospitalizations and deaths of our scenario
were not comparable to the previously mentioned RIVM analysis
for the switch from TIV to QIV.12 Our scenario and the RIVM’s
static analysis yielded results of 65 versus 348 hospitalizations
and 34 versus 84 deaths, respectively. The difference in results can
be attributed to several reasons, such as the use of a dynamic
model instead of a static model that applies, for example, natural
and vaccine immunity. In addition, the difference in the results
indicates the sensitivity of the outcomes to the influenza seasons
included in the analysis, as the impact of influenza varies each
year depending on the severity of the epidemic and whether there
was a B strain mismatch. Also, the decreasing trend in vaccination
coverage since 2009 has negatively affected the cost-effectiveness
in our base case, as illustrated by our scenario analysis, in which
we assumed that the vaccine coverage rate remained constant at
the level of 2010. This specific scenario shows that using higher
coverage rates for QIV would have resulted in a more favorable
cost-effectiveness at V6406/QALY than we found in the base case.

Our methodology can be applied to other countries, obviously
using different input parameters for key factors that reflect
countries’ specific policies, cost-effectiveness thresholds, re-
quirements for cost-effectiveness analyses, targeted populations
for influenza vaccination, influenza seasons, and so on. Although
the study results cannot straightforwardly be transferred to other
countries, our analysis provides a valuable addition to those that
have been made in other Northern European countries,27–29 con-
firming the potential for favorable cost-effectiveness of switching
from TIV to QIV.

Our study has several limitations. First, the data used may be
biased by underreporting. Limited numbers of recorded patients
only as well as unspecific influenza-like illness symptoms sug-
gest that reliable estimates of influenza incidence, GP visits,
hospitalizations, and deaths due to influenza are difficult to
obtain.30,31 As a result, we may have underestimated the
influenza burden in our base case. Our scenario and sensitivity
analyses indicate that lower or higher probabilities of hospi-
talizations and, in particular, mortality have a considerable
impact on the ICER, particularly resulting in a potential over-
estimate. Ergo, assuming hospitalization and death probabilities
as used in a previous static analysis12—which are higher than
the probabilities used in our base case—we found higher in-
cremental break-even prices of QIV versus TIV. Second, the
probability of symptomatic influenza cases, GP visits, and hos-
pitalizations used are based on pre-2010 studies.32–34 Obviously,
these probabilities may have changed over the years due to the
decrease in vaccination coverage and changes in the targeted
populations—for example, considering the switch from 65 to 60
years and older in 2012. Third, the modeled number of symp-
tomatic cases cannot be calibrated or validated with the
observed number of cases by age group, reducing some of the
implied advantages of the age-structured element in our model.
Fourth, we assumed that the QALY loss of an influenza hospi-
talization and the days of productivity loss are equal to that of
pneumococcal infection. Even though these are well-
substantiated assumptions, influenza-specific parameters
should be gathered to improve future analyses. Lastly, our
retrospective approach presents a specific limitation as these
results may have restricted predictive power, depending on the
similarity of upcoming influenza seasons compared to the time
period included in the analysis. This similarity may be likely,
given the 8-year horizon we used, but it is obviously uncertain.

Our model included the evolution of the 2 B strains over an 8-
year (2010–2018) time horizon. This strengthened the robustness
of our model because this time horizon captures the interseasonal
variability of the B strains and the actual vaccination coverage
rates. Obviously, an approach using only a single influenza season
could over- or underestimate the influenza burden in other years.
A further strength of the analysis concerns the use of a dynamic
epidemiological modeling approach capable of reproducing the
direct effects on those who actually receive the vaccination in
addition to the indirect effects, such as averted secondary in-
fections. Dynamic modeling explicitly incorporates that the
probability of infection exposure is variable over time and can be
affected by the intervention, in this case vaccination with QIV. In
contrast, static modeling as was used in the RIVM analysis12 as-
sumes a constant disease exposure over time and shows only the
impact of vaccination at the start of an influenza season.

In the base case we used a cross-protection rate of 70%. This is
based on a meta-analysis of controlled trials with TIV35 and is in
line with rates used in other cost-effectiveness studies on the
switch from TIV to QIV.21,27–29,36–43 Nevertheless—given the
generally acknowledged decrease in cross-reactivity observed in
more recent cost-effectiveness studies on QIV43 and the reduction
in cross-protection rates over time due to antigenic drift of both B
strains8–10—70% may be considered a conservative estimate.
However, it is not well known what the actual cross-protection
rates are because a naturally acquired immunity in older adults
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by previous exposure may also affect the vaccine effectiveness.44

Therefore, in our analysis we assumed a conservative and rela-
tively high cross-protection rate between the B lineages of the
vaccine, with an additional scenario analysis in which cross-
protection rates where varied by using 0%, 50%, and 90%. The
outcomes of this scenario analysis suggest that if the reduction in
cross-protection over the years is taken into account, the ICER will
decrease and vaccination with QIV instead of TIV will become
even more cost-effective.

Various routes for future research that are worth exploring can
be inferenced from our approach. In addition to our retrospective
approach, a prospective approach could also be taken by fore-
casting the model inputs, in particular vaccines coverage rates that
are expected to increase owing to improved vaccine efficacy of
QIV, for the upcoming influenza seasons and analyzing prospec-
tive ICERs. Also, with better vaccine effectiveness it would be
worthwhile to study whether a further expansion of the target
population for QIV by lowering the age limit could be a cost-
effective use of resources from a public health point of view.

Conclusion

With our cost-effectiveness analysis, we have demonstrated
that if a switch from TIV to QIV had occurred in the Dutch National
Influenza Immunization Program as of 2010 until 2018, the
number of influenza B cases could have been reduced annually by
9500 cases. Moreover, 2130 outpatient visits, 84 hospitalizations,
and 38 deaths could have been avoided. From a societal
perspective, the analysis showed that the switch to QIV would
have been cost-effective in The Netherlands at an incremental
break-even price of maximally V3.81 (95% CI V3.64-4.31) per
dose, when applying a cost-effectiveness threshold of V20 000/
QALY. Sensitivity analysis showed consistent findings on the
break-even incremental price in the same ballpark range.
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