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N. Bouckaert, A.C. Gielen and T. Van Ourti
1. Introduction

Like with many other preventive care measures for
communicable diseases, vaccination coverage for seasonal
influenza is considered to be too low, and encouraging
influenza vaccination uptake is a key public health strat-
egy in many countries. Although studies have shown that
patient reminders, financial incentives and information
provision about the costs and benefits of influenza vaccina-
tion are effective in increasing vaccination uptake among
targeted groups in the population (Szilagyi et al., 2000;
Bronchetti et al., 2015; Nuscheler and Roeder, 2016), little
is known about the extent to which these measures impact
vaccination uptake by individuals that were not targeted.
If vaccination behavior of other individuals is also affected,
this has important health and economic implications such
as the costs associated with work productivity, absen-
teeism, and health care. Hence, credible identification of
vaccination spillover effects is vital to determine overall
program (cost-)effectiveness of preventive care policies for
infectious diseases.

This paper studies spillover effects of a Dutch influenza
vaccination program. Every year, between 2 and 20 percent
of the Dutch population is affected by influenza (Vrieze
et al., 2016). Although most people recover within 1-2
weeks from influenza without requiring medical atten-
tion, influenza can cause severe illness and even death
among vulnerable people, including the elderly, pregnant
women and people with an underlying health condition
(WHO, 2019). Vaccination is the leading preventive strat-
egy for reducing infection risk, is protective after about 2
weeks, and needs to be taken yearly. The Netherlands has
a vaccination policy in place aimed at directly protecting
individuals who are most at risk of influenza mortality.!
Chronically ill individuals with specific disorders and indi-
viduals aged 65 (60 as of 2008) or above on May 1st of the
next calendar year receive a personal invitation letter in
September/October of the current calendar year to collect
and obtain their flu shot from the GP at zero cost. Individ-
uals not targeted by the program can also get vaccinated,
but they do not receive an invitation, have to pay out-of-
pocket costs, and first have to collect the vaccine from the
pharmacy before going to their GP to have the actual flu
shot.

We exploit the quasi-random variation at age 65 toiden-
tify within-family spillovers in vaccination behavior, both
within the household (cohabiting partners) and between
households (adult children). The household is an important
transmitter in the spread of influenza as within-household
influenza infection has been shown to contribute more
to influenza incidence than any other source of infection
(Welliver et al., 2001; Ferguson et al., 2006), while adult
children are affected by other important infection sources
outside theimmediate household such as indirect exposure

1 Most countries in Europe target the old and sick, but in other countries,
including the United States and the United Kingdom, influenza vaccination
is also recommended for younger age groups (except newborns) with the
aim to prevent disease transmission and indirectly protect individuals at
risk (CDC, 2010; MacDonald, 2016).
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via their own children attending childcare or school, direct
exposure via workplace environments, or via the local
neighborhood (Longini et al., 2004, 2005; Chao et al., 2010).
Vaccination uptake among groups thus has the potential
of strongly containing the spread of influenza, especially
in a small and densely populated country, such as the
Netherlands, where parents and adult children live in close
proximity.

Using a regression discontinuity design (RDD) and 11
years of cross-sectional Health Interview Surveys (HIS) for
influenza seasons 1997-98 to 2007-08 which is linked
to Dutch administrative data from Statistics Netherlands,
we find that spillovers in the family context are almost
as important as the direct impact on vaccination uptake
of individuals upon turning 65. We find that vaccination
incidence among partners increases with 10 percentage
points, from 25 to 35 percent, but only when the partner
is younger than 65 and not yet qualifies for the vaccina-
tion program based on age. This spillover effect is as large
as the direct program impact which increases vaccination
coverage from 30 to 40 percent when individuals turn
65. We further find evidence for substantial spillovers on
adult children, but only upon their older parent turning 65.
Interestingly, the child spillovers are negative, and show
a reduction in vaccination coverage among the children
from 9 to 4 percent. Our results suggest that these asym-
metric spillover effects towards partners and children are
in line with them updating their influenza mortality risk,
partners learning about costs and benefits of influenza vac-
cination, and children updating their beliefs about target
group membership, but also with the salience of the part-
ner’s/paternal receipt of the invitation for free influenza
vaccination. While our sample size precludes credible iden-
tification of the health (care) impacts of these spillovers, a
companion paper indicates that the health (care) impacts
might be substantial. Van Ourti and Bouckaert (2020) find
that the Dutch vaccination program reduced GP visits,
prescription drug use and mortality among individuals
that cross the 65 age threshold. This suggests potential
program-associated health (care) effects of the spillovers
on partners and children, although the overall program
effect ultimately depends on the positive health (care)
impacts among partners outweighing the negative impact
on children. Various sensitivity, specification and placebo
tests underscore the robustnesst of our results.

This paper adds to the literature on influenza vaccina-
tion in high income countries by focusing on spillovers in
individual vaccination behavior within the family context,
and by providing suggestive evidence on the underlying
mechanisms. As far as we know, this has not been stud-
ied before in the economics literature, but there are two
related studies estimating health externality benefits aris-
ing from influenza vaccination.? Ward (2014) documents

2 Carpenter and Lawler (2019) find that US state mandates for a tetanus,
diphteria and pertussis (Tdap) booster prior to middle school entry
increased vaccination rates for meningococcal disease and human papil-
lomavirus (HPV) among the same adolescents, but did not affect influenza
vaccination rates. Hoffmann et al. (2019) find that peer influenza vaccina-
tion take-up increases individual take-up in a field experiment in a major
bank in Ecuador.
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substantial health improvements among already targeted
and vaccinating individuals aged 65 and older in the Cana-
dian province of Ontario, when free vaccination coverage
got extended to all residents in the province. White (2020)
confirms these health externality benefits for the United
States, in particular when increased vaccination rates result
from vaccination mandates for health care workers.

Our work also relates to the literature on spillovers in
family health behaviors. Cutler and Glaeser (2010) and
Fletcher and Marksteiner (2017) show that exposure to
respectively workplace smoking bans and clinical inter-
ventions reduces spousal smoking and drinking behavior,
while Cawley et al. (2019) find no evidence in favor of
genetic nurturing driving the positive association between
sibling’s body mass indices. Fadlon and Nielsen (2019)
show that spouses and adult children increase statins
consumption when their spouse/parent experiences a non-
fatal, but unexpected heart attack or stroke; and draw
attention to the underlying roles of learning about health
risks and salience of the health shock. We extend this liter-
ature to behaviors preventing infectious diseases. Our work
is also related to the broader literature about spillovers
in the health domain, but avoids the potential concern of
artificial social groups that arises in studies using random
group assignment to overcome end ogenous social group
formation (Duncan et al., 2005; Kremer and Levy, 2008;
Carrelletal.,2011; Yakushevaetal.,2011; Golbersteinetal.,
2016; Bruhin et al., 2020).

The remainder of the paper proceeds as follows. Section
2 provides more background of the Dutch influenza vac-
cination program, and Section 3 introduces the data. We
provide more background of the age-based RDD design and
the exact empirical specification in Section 4. Sections 5
and 6 present our findings; and Section 7 discusses poten-
tial mechanisms underlying the asymmetric spillovers
between partners and towards adult children. The final
section offers some concluding remarks.

2. Dutch free influenza vaccination program
2.1. Dutch influenza vaccinations before 1996

In the Netherlands, increased influenza activity is typi-
cally recorded between mid-November and early April, and
flu shots are usually administered between October and
December. The Dutch Health council and health authori-
ties identify high-risk groups who are targeted for influenza
vaccination.

In the eighties, high-risk groups were defined based
exclusively on existing chronic disorders, such as dia-
betes, cardiovascular and pulmonary conditions, HIV/AIDS,
renal disease and immune dysfunctions. All healthcare
providers received a letter annually to inform them about
the influenza vaccine and the definition of the high-risk
groups, but the high-risk individuals themselves were not
generally informed about the benefits of influenza vacci-
nation. High-risk individuals who were insured by a social
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sickness fund could get vaccinated free of charge.> High-
risk individuals who were covered by a private insurer or
individuals not belonging to the high-risk group had to pay
38 euros (vaccine price in 1996 expressed in 2019 pur-
chasing power) to obtain the vaccine from the pharmacy,
but the actual administration of the vaccine by the general
practitioner (GP) was for free as there is no coinsurance or
deductible for GP care in the Netherlands. Throughout the
eighties, the take-up rate in the high-risk group was rather
constant and remained below 30% (Fedson et al., 1995; van
Essen et al., 2001).

In 1991, the national health authorities concluded that
vaccination coverage among chronically ill and elderly
individuals was inadequate. A series of interventions was
started to increase vaccination uptake. First, the general
public and high-risk patients were informed about the exis-
tence and the benefits of influenza vaccination. Second, the
position of the GP — who occupies the role of gatekeeper in
the Dutch health care system - was strengthened. The GP
was encouraged to register and personally invite high-risk
patients and organize weekly vaccination walk-ins which
do not require a routine appointment and thus reduce the
time cost and planning for the vaccine recipient (van Essen
et al., 2001).# The central role of the GP and the increased
publicity rapidly increased influenza vaccination coverage
in the high-risk group from about 30% in 1991 to 50% in
1995.

2.2. The Dutch influenza vaccination program since 1996

In 1996, influenza prevention of high-risk individuals
effectively evolved into a nationwide preventive care pro-
gram after a major reform extended the target group to
all (healthy) individuals aged 65 and above and making all
targeted individuals - including those covered by a pri-
vate insurer - eligible for free influenza vaccination. Age
eligibility was, however, not determined by calendar age.
Rather, receipt of an invitation letter in September/October
depended on one’s program-age defined as whether the
individual would be 65 on May 1st of the next cal-
endar year. Hence, all individuals turning 65 between
September/October and May 1st received the invitation
letter even though their actual calendar age was 64.

The earlier interventions to increase take-up amongst
the high-risk group - registration, personal invitation
(around late September/early October) and vaccination
walk-ins for at-risk patients — were continued. In addition,
the reform introduced a GP remuneration per vaccinated
target individual, and simplified the provision of influenza

3 In the eighties, nineties and up to 2005, two thirds of the popula-
tion - whose earnings (employment or replacement income) fell below an
income threshold - were compulsory insured for health care by a social
sickness fund. The remaining third could (voluntarily) enroll in private
insurance, and fewer than two percent was uninsured.

4 The fraction of GPs that effectively did these additional tasks increased
rapidly. Registration of high-risk patients in a computer program was per-
formed by 54% of the GP in 1994 and 82% in 1997. Personal invitations
were sent out by 40% in 1994, 77% in 1997 and 95% in 2000. Vaccination
walk-ins were organized by 72% in 1994, 86% in 1997 and 90% in 2000
(Hak et al., 2000; Tacken et al., 2002).
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Fig. 1. Vaccination rates and high-risk group fraction by program age for
the pooled influenza seasons 1997-1998 up to 2007-2008. Note: Health
Interview Survey, own computations.

vaccination to the target group. Prior to the reform, an indi-
vidual first had to get a prescription from the GP, then go
to the pharmacist to buy the vaccine and then revisit the
GP for the administration of the vaccine. After the reform,
every GP had their own stock of vaccines which were
directly administered to eligible individuals. The nation-
wide influenza program did not directly alter the incentives
for untargeted individuals, who still had to pay to obtain
the vaccine itself from the pharmacy, but did not face a
deductible or coinsurance for the administration of the
shot.”

In this study we exploit the discontinuity in the free
influenza vaccination provision at program-age 65 to study
how this preventive care program has affected vaccina-
tion behavior of family members of individuals that turned
65 between 1997 and 2008. Note that throughout the
study period, flu-related care and treatment (i.e. prescribed
drugs, physician visits, hospitalizations) were covered by
compulsory social health insurance or private health insur-
ance.

The reform coincided with a sharp increase in vaccina-
tion rates of the target population in the influenza season
1996-1997 which further increased until 2005, both in the
entire population (up to 19%) and among individuals aged
65 or above (up to 80%) (see Fig. 1). In this time period,
the Netherlands had one of the highest vaccination rates of
the target population in Europe (Mereckiene et al., 2012,
2014) and higher vaccination rates than in the US (Lu et al.,
2005), although the vaccination rate among those not tar-
geted was higher in some other countries (Lu et al., 2008;
Blank et al., 2009).6 Furthermore, Fig. 1 shows that vacci-

5 Note that some employers provide (free or subsidized) flu shots to
their employees. In the period 1997-2008, 14% of the individuals who
were vaccinated and who did not belong to the high-risk group, indi-
cated that they got vaccinated at the initiative of their employer (own
computations, health interview surveys).

6 Note that the overall vaccination rate of 19% s still well below the rate
where marginal benefits of additional vaccination coverage are reduced
to zero. Ward (2014) estimates this rate to be 33% in Canada at the time
when a similar vaccination program as that in place in the Netherlands
was expanded to the full population.
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nation rates rise up to around program-age 70. This is in
line with the findings of Carman and Mosca (2014) show-
ing that individuals above 65 who start vaccinating against
influenza within the context of the Dutch influenza pro-
gram continue to do so in the next year.

In 2008, the national health authorities extended the
population targeted by the nationwide influenza preven-
tion care program to include all individuals aged 60 or
more, thus effectively lowering the age threshold from 65
to 60. All other interventions remained in place. We use
this threshold in a robustness check since we only had data
for four influenza seasons since 2008 which give rise to an
underpowered RDD design.

3. Data
3.1. Data sources and sample restrictions

Our main data source is the annual cross-sectional
health interview survey (HIS) 1997-2008 which
constitutes representative cross-sections of the non-
institutionalized Dutch population and includes
information on vaccination take-up. Each wave includes
approximately 10,000 respondents, but only samples
one individual per household.” We therefore have no
information on vaccination take-up or demographics of
family members of this individual. We merged the HIS to
administrative data of Statistics Netherlands in order to
add demographic information (sex and age in months) as
well as residential address of the parents and partners of
individuals included in the HIS.® The formal definition of a
partnership in the registry data requires that both partners
live at the same address and are married or registered
partners.’

A typical influenza season in the Netherlands ranges
from September to May with an increased activity between
November and March. This period does not coincide with
the wave period, which follows the civil year.'? Since the
month in which the survey questionnaire was completed
is known, we have rearranged the waves into influenza
seasons that startin September and end in August in the fol-
lowing year. Influenza season 1996-1997 is therefore only
partly observed, and hence the corresponding observations

7 More specifically: 10898 in 1997, 9323 in 1998, 9877 in 1999, 9922 in
2000, 9676 in 2001, 9745 in 2002, 9876 in 2003, 11117 in 2004, 10378 in
2005, 9607 in 2006, 8741 in 2007, 9499 in 2008.

8 We only observe parents if they were still alive in 1995 (which is
when the registry started) and living in the Netherlands. The individuals
without observed parents are predominantly older individuals and indi-
viduals of foreign origin. If the difference between a child’s and a parent’s
age falls below 15 years or exceeds 40 years, the observations are consid-
ered as outliers and excluded from the analysis. The restriction is binding
for less than 0.5% of the individuals with parents, and given the sample
age requirements laid out below, it effectively restricts the age range of
the adult children to 20-51. The registry allows us to link children to their
legal parents. Except in a limited number of cases, legal parents coincide
with biological parents.

9 Aregistered partnership is for partners who do not wish to marry, but
the legal and tax implications are identical to those of a marriage.

10 Interviews in the HIS are conducted over the entire year. The survey
months are almost uniformly distributed, with a slight underrepresenta-
tion of July and August, which are the main holiday months.
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for 1997 are dropped. We further drop all observations
corresponding to influenza season 2008-2009 because the
age-eligibility threshold for the free vaccination program
was lowered to age 60 from 2008-2009 onwards. We pool
all remaining influenza seasons (1997-1998 to 2007-2008)
and end up with 108,533 observations from which three
samples are derived.

Each sample includes vaccination behavior of individu-
als in the HIS, but merges to the age of different people that
are in close vicinity to the age discontinuity induced by the
free influenza vaccination program, i.e. the person itself, his
or her partner, and his or her parents. Linkage of HIS indi-
vidual’s vaccination take-up to own age is used to estimate
the direct policy effects on those turning 65. The sam-
ple of HIS individuals whose partner’s age is derived from
the administrative records allows estimating the spillovers
between partners. We consider partners with and without
children, but remove individuals whose partner differs less
than 12 months in age, and do not consider or link age-
ineligible (i.e. program age lower than 65) and age-eligible
(i.e. program-age 65 or above) individuals to the program-
age of their younger and older partner, respectively. Third,
spillovers from parents to children are estimated on the
sample of HIS individuals for whom at least one parent in
close vicinity to the 65 program-age threshold can be iden-
tified from the administrative records. More details on the
exact identification strategy for all three samples and the
reasons for the sample restrictions are provided in Section
4.

All three samples were restricted to observations within
a window of +2 years around the 65 program-age cut-off
of the relevant individual (partner, parent or individual
her/himself)!! and observations without information on
the dependent variables and/or controls were removed.'?
This leaves 3183 observations for the estimation of the
direct effects, 2068 for the partner spillovers, and 3766
observations for the parent-to-child spillovers.

3.2. Variable description and summary statistics

The most important indicators in the HIS for our anal-
yses are the individual’s month and year of birth and
vaccination history. Vaccination history includes infor-
mation on whether the individual ever got an influenza
vaccination, and reports month and year of the last flu shot.
We created a dummy variable that equals one [zero] if the
individual did [not] get vaccinated against influenza dur-

1 The criterion by Imbens and Kalyanaraman (2012) indicates an opti-
mal bandwidth of +£2 years for the spillovers between partners and the
direct effects; and an optimal bandwidth of £1.4 years for the spillovers
to children. We use the 42 year bandwidth for all analyses, but show
robustness to another bandwidth in section 5.2.

12 Weremoved 1.0,0.8 and 0.3 percent of the observations due to missing
in the samples for respectively the direct effects, the partner spillovers and
the child spillovers. RDD models with a binary dependent variable indi-
cating whether the observation was removed due to missing dependent
and/or control variables could not reject the null hypothesis that those
missing are random. The respective RDD estimates are 0.032 (p-value:
0.237; n=4009) for the direct effects, 0.005 (p-value: 0.419; n=2085) for
the partner spillovers, and 0.008 (p-value: 0.760; n=4688) for the child
spillovers.
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ing the influenza season. However, since most shots are
reported to be taken in the period September to January,'?
individuals interviewed in this period might report not
having taken a flu shot, but might still get vaccinated in the
near future. For this particular group, the dummy equals
one if they got vaccinated in the past influenza season,
since this is by far the best predictor for a renewed vaccine
take-up (Carman and Mosca, 2014).14

The HIS also provides us with additional control
variables: sex, educational attainment (primary, lower
secondary, upper secondary, post-secondary), household
composition (single, couple, household with children,
other), number of household members, influenza season
(dummy for each season), population density of place of
residence (500, 500-2500, 2500+ inhabitants per squared
kilometer), existing medical conditions (in order to iden-
tify individuals who belong to the high-risk group based
on chronic disorders), and presence of a chronic illness.!”

Table 1 presents summary statistics for each of the three
different samples.!® The column ‘direct effect’ shows that
around 40% of the population between 63 and 66 years old
got vaccinated during the current influenza season. About
half suffer from a chronic illness and one quarter quali-
fies for free influenza vaccination based on existing medical
disorders. These shares are similar for the partners (column
‘partner-to-partner spillover’).!” The column ‘parent-to-
child spillover’ shows the average characteristics of the
adult children whose older parents’ age falls within the
63-66 program-age bandwidth. When both parents can
be identified from the administrative records, we use the
age of the older parent to guarantee that no other par-
ent already qualifies for free influenza vaccination based
on age-eligibility; when only one parent can be identified,

13 More specifically, 95% of all reported influenza shots are reported to
be taken in this period, and 86% in October and November, which is the
recommended vaccination period. 4.5% in September, 2% in December and
2% in January.

14 Not unexpectedly, this procedure has the biggest effect on individuals
surveyed in the month September, and a much smaller effect in October-
January. While it could lead to non-random measurement error in our
dependent variable, we scrutinize this in Section 5.2 and find that there
is little reason for concern.

15 Presence of a chronic illness is a binary indicator for reporting a long-
term illness, infirmity or handicap. Existing medical conditions is a binary
indicator taking one when an individual reports at least one of the follow-
ing conditions: (a) asthma; (b) heart disease; (c) liver disease; (d) kidney
disease; (e) diabetes; (f) rheumatism; and (g) cancer. The information on
liver disease is not available after 2000.

16 Table A.1 provides additional summary statistics for a 43 year band-
width.

17 The partner-to-partner sample contains a small, but non-zero share
of single persons. This happens because the partner-to-partner sample is
created based on the household composition registered in administrative
records on 1 October at the start of the influenza season. This date was
deliberately chosen, because it corresponds closely to the date of receipt
of the invitation letter to the vaccination program. As HIS interviews are
evenly spread throughout the calendar year, this date, however, differs
for most individuals from the month of interview. Hence marital status as
reported in the HIS might differ from the administrative records as individ-
uals might e.g. divorce between October and the month of HIS interview.
Alternatively, as marital status is self-reported in the HIS, there could be
a difference in interpretation, e.g. individuals could be legally married at
the time of the HIS interview, but in the process of divorce or separation
and therefore report to live in a single household.
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Table 1
Summary statistics.
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Parent-to-child spillover

Partner-to-partner spillover Direct effect

63-66 63-66 63-66
Binary variables (0=no; 1=yes)
Vaccination rate 0.06 0.44 0.40
Education level: primary 0.06 0.23 0.23
lower secondary 0.18 0.33 0.31
upper secondary 0.44 0.25 0.27
post-secondary 0.32 0.18 0.19
Household type: single person 0.12 0.01 0.20
couple 0.20 0.89 0.72
household with children 0.67 0.10 0.07
other 0.01 0.00 0.01
Population density: < 500 inhabitants/km? 0.14 0.15 0.15
500 < inhabitants/km? < 2500 0.68 0.72 0.70
2500 < inhabitants/km? 0.18 0.13 0.16
Male 0.49 0.46 0.51
High-risk group 0.07 0.26 0.25
Chronic illness 0.26 0.45 0.47
Older parent male 0.64
Continuous variables
Own program age 35.83(4.39) 64.07 (6.00) 64.93 (1.15)
Number of household members 3.14(1.31) 2.12(0.49) 1.89(0.57)
Older parent’s program age 64.98 (1.14)
Other partner’s program age 64.93(1.12)
Number of observations 3766 2068 3183

Note: All cells show weighted sample means. Standard deviations in parentheses for continuous variables.

we use the age of that parent. 6% of the individuals in that
sample got vaccinated during the current influenza season.
About half are male, their average program-age is 36, and
a quarter suffers from a chronic illness. 7% belongs to the
high-risk group, who qualifies for free influenza vaccina-
tion based on existing disorders.

4. Identification strategy
4.1. Age-based RDD design

Our empirical approach exploits the fact that the nation-
wide influenza prevention program reduces the barriers to
vaccination take-up exactly at program-age 65. We exploit
this age discontinuity to estimate how vaccination take-up
was impacted among those directly affected by the pro-
gram upon turning 65, and use the same quasi-exogenous
variation to identify spillover effects on vaccination take-
up of partners (within household) and adult children
(across households, except for those adult children liv-
ing with their parents). The identifying assumption of the
age-based RDD imposes that the discontinuity at age 65
does not correlate with any discontinuity in the observ-
able or unobservable determinants of vaccination uptake.
We show this assumption is credible for the direct and
both spillover effects, and report a set of internal validity
checks in Section 5.2. Here, we highlight the most impor-
tant conceptual arguments in favor of our age-based RDD
identification strategy.

Since age cannot be manipulated, age-triggered RDD’s
may be invalid when (1) the age-cut-off also determines
eligibility for other programs which could affect the out-
come of interest, (2) the policy impact on the outcome is
not immediate, and (3) individuals anticipate the program-

age cut-off (Lee and Lemieux, 2010). Eligibility for other
programs should not matter for the direct impact of the
Dutch influenza vaccination policy, since program age for
the influenza program is different from calendar age which
matters for eligibility for other social programs in the
Netherlands. The program eligible age of individuals is
computed on May 1st, at the end of an influenza sea-
son, and determines whether an individual will receive
an invitation in September/October of the preceding year.
Therefore, newly invited individuals at the margin around
the 65 program-age threshold on May 1st are in fact
64 years old when they receive their first invitation in
September/October. This feature of the vaccination pro-
gram removes much of the concern that eligibility for
other benefits that start on the day one turns 65 in the
Netherlands (e.g. pension claims, benefits for the elderly)
interferes with eligibility for influenza vaccination.'® Eli-
gibility for other programs neither affects the estimation
of spillover effects as the sample restrictions ensure that
partners do not cross the program-age cut-off and adult
children are between 20 and 51 years old (see also Section
3.1 and footnote 14). The other two concerns - immediate
effect and no anticipation - should be small for the direct
and spillover effects since influenza vaccination is protec-
tive after about 2 weeks, it needs to be taken yearly as

18 In the Netherlands, the health insurance system was dramatically
reformed in 2006. However, neither before 2006 nor after 2006, there
has been a discontinuity in the coverage of medical care insurance (in
general and for flu shots) at the age of 65 (Mossialos and Thomson, 2002;
Roos and Schut, 2008). Only for Dutch retirees actually living outside the
Netherlands (in another EU country) the reform has led to a reduction in
generosity, which was only later acknowledged by the European Court
of Justice (case C-345/09, October 14th, 2010). Note that Dutch retirees
residing outside of the Netherlands are not part of our sample.
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antibodies decline within the year, and the influenza virus
mutates every year.

The age discontinuity further addresses several poten-
tial biases, such as ensuring that herd immunity faced by
individuals and their family members should be similar
just right and left of the program-age cutoff. The same
should be true for shared family genes and habits between
family members, and the age discontinuity also safeguards
against potential bias resulting from assortative mating and
endogenous social group formation that might apply when
studying spillovers to partners and children (Becker, 1973,
1974; Manski, 1993; Moffitt, 2001).1°

4.2. Empirical specification

Let us first consider the effect of the nationwide
influenza preventive care program among all individuals
(with and without partners and/or children) that reach the
65 program-age eligibility cutoff. In our RDD setting, their
vaccination behavior can be linearly modelled as

Vi = a + g (age; — 65) + h(age; — 65)D; + AD; + X1 + €i(1)

where V; is a binary variable indicating whether individ-
ual i gets vaccinated, « is a constant, age; is her/his age on
May 1st in years and months, D; is a treatment dummy
that equals one if age; > 65, g(.) and h(.) are unknown
functional forms, ¢; are unobservable variables, and there
are no time subscripts as each individual is only observed
once in our set of pooled cross-sections. We also include
a vector of observable control variables X; (with associ-
ated parameter vector ) to increase precision, and which
includes sex, educational attainment, household size and
composition, influenza season, population density of place
of residence, member of high-risk group based on chronic
disorders, and presence of a chronic illness (see also Section
3.2). The change in vaccination take-up at the threshold
- the divergence in vaccination rates between individuals
just left and right of the program-age cutoff - is cap-
tured by A which measures the combined effect of the
program incentives.2? High risk individuals under 65 with
existing chronic disorders also qualify for the vaccina-
tion program, and might not or to a lesser extent adjust
their vaccination take-up when turning 65. Such treatment
heterogeneity is ruled out in the description of all empir-
ical specifications in this section but will be revisited in
Section 5.

Parameter A in Eq. (1) informs on the direct impact of
the program-age cutoff at 65, but also helps gauging the
relative magnitude of spillovers onto partners and chil-
dren. The spillovers on the partners are modelled as in Eq.
(1), but here we include the program-age of one’s partner
(agefr) instead of own age. We consider individuals with

19 The alternative identification strategy of relying on random social
group assignment (Duncan et al., 2005; Kremer and Levy, 2008; Yakusheva
etal,2011; Carrell etal., 2011) often raises concerns about the potentially
artificial nature of the social group.

20 Inasensitivity analysis that is available from the authors upon request,
we find a similar effect size estimate using a logit model.
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and without children:
Vi=al +gr (agefr - 65) +hPr (agef’ —65) DI + APrDfr
+ X7 + G Y™ + k(age;) + &f" (2)

where the superscript Pr refers to 'partner’, Df.’ " is a treat-
ment dummy that equals one if one’s partner turns 65 on
May 1st, Gf’ (and associated parameter ") refers to one’s
partner’s sex and k(.) is an unknown functional form. Inclu-
sion of own age overcomes a potential bias in the spillover
effect Apr inEq. (2) resulting from correlation between part-
ner’s ages. Own age - i.e. k(age;) — is included as a set of
3-monthly dummies, except in the lower and upper tail of
the age distribution where we used wider age dummies.
As mentioned in Section 3.1, we delete all partners whose
program-ages differ less than 12 months to avoid both part-
ners receiving the first invitation for influenza vaccination
in the same influenza season which makes it impossible
to distinguish the spillover effect from the direct effect.
We also delete age-eligible individuals whose older part-
ner also qualifies for a free vaccination, and age-ineligible
individuals whose younger partner also falls below the age
cutoff of 65. This ensures that the age-eligibility status of
individuals in the HIS is independent of the age-eligibility
of their partner, and that we can estimate the spillover in
isolation from the direct effects.?!

The spillovers on the adult children are obtained by link-
ing individuals to their older (or only) parent’s age on May
1st (agef"):

Vi = o +g" (agel" - 65) +h"™ (agef" — 65) Df* + A" DI
+X1iB" + G y™ + I(age;) + " 3)

where superscript Pt refers to 'parent’, Df t is a treatment
dummy that equals one ifageft > 65, G{’t refers to the older
(or only) parent’s sex and [(.) is an unknown functional
form. Own age - i.e. [(age;) - is included as a set of 3-
monthly dummies, except in the lower and upper tail of
the age distribution where we use wider age dummies.
Eqgs. (1)-(3) allow intention-to-treat estimation of the
policy’s direct impact and spillovers: A reflects the com-
bined direct effects of all program incentives, but A’ and
APt do not distinguish between competing mechanisms
driving the spillovers as only program-age and not the
actual vaccination take-up of those turning 65 is known. For

21 We address the fact that each partner faces two age discontinuities -
i.e. the individual reaching program-age 65 (direct effect) and the partner
reaching program-age 65 (spillover effect) — by combining four features:
(1) separate RDD models in partner’s age for the spillover and direct
effects, i.e. Egs. (1) and (2); (2) removing partners differing less than
twelve months; (3) ensuring independent age-eligibility status of both
partners; and (4) using a flexible specification for own age to account
for potential correlation between own and partner’s age. An alternative
identification strategy, which we term double RDD, relates an individual’s
vaccination take-up to trends in own and partner program-age at either
side of the relevant age thresholds, i.e. basically replacing k (age;) in Eq. (2)
by g (age; — 65) + h(age; — 65) D; + AD;. This allows estimating the direct
and spillover effects from one specification but at the cost of imposing
a trade-off between (1) sufficient age difference between both partners
to identify spillovers separately from direct effects; and (2) focusing on
a sufficiently narrow window around the age discontinuities in own and
partner-program age to satisfy RDD identifying assumptions.
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example, we cannot distinguish between parental program
eligibility driving child spillovers only via that parent’s vac-
cination take-up versus child spillovers being driven by the
vaccination uptake of both parents, i.e. both the vaccination
take-up of the individual turning 65 and the vaccination
take-up of the other partner due to the spillover effect. It
is nevertheless feasible to get a deeper understanding of
the nature of parent-to-child spillovers by exploiting the
fact that a child has two parents who each will eventu-
ally cross the program age threshold, except when they die
before. We therefore perform subgroup sensitivity analy-
ses among those children for whom we can identify both
parents: children’s vaccination take-up can be linked to the
older parent, while linking to the younger parent implies
that the adult child has already been exposed to the older
parent turning 65. The difference between both estimates
provides indirect evidence on the underlying mechanisms
driving the spillovers. Parent-to-child spillovers might also
differ when parents respond differently to the vaccination
policy depending on whether they are the first or second
in the household to qualify for free vaccination, and we
explore this by re-estimating our models separately for
the subpopulations of older and younger partners, but also
by allowing for treatment heterogeneity in the spillovers
between partners (i.e. from older to younger partner and
vice versa) (see Section 6).22

Finally, power calculations with power 0.8 as in
Schochet(2009) confirm that the pooled samples for Eq. (1),
(2)and (3) have sufficient power to identify age discontinu-
ities in vaccination take-up of respectively 8.1, 10.2 and 3.7
percentage points (see Section 3.1 for exact sample sizes).
The analyses based on the older/younger subdivision have
inevitably less power, in particular the subsamples used for
the spillovers between partners and the direct effects.>> We
therefore first present our main analyses derived from the
pooled samples and check robustness of these estimates in
Section 5. Estimates allowing for the older-younger hetere-
ogeneity are discussed in Section 6.

5. Direct policy effects and spillovers to partners
and children

5.1. Main analyses

Let’s first consider the direct policy effect at age 65.
Panel A in Fig. 2 shows an RDD graph of the influenza

22 Note that we do not use a two sample IV estimator (Angrist and
Krueger, 1992) to scale the spillover effect from parent to child (and
partner to partner) by the direct effect at age 65 as the two-sample IV
estimator is inappropriate when the vaccination policy affects children’s
(partner’s) vaccination decisions via both its direct impact on the vacci-
nation behaviour of the parent (partner) and the indirect spillover impact
on his/her partner (child) which is an untestable possibility in our setting.
In addition, there is the concern - due to the time-invariant nature of the
parent-child relationship, and the possibility that parents separate and
form new partnerships - that the older/younger parent of the child might
no longer be the older/younger partner.

23 We can detect age discontinuities of 13.2-15.8 percentage points for
the direct effects, 13.7-14.7 percentage points for the partner-to-partner
subsamples, and 4.7-4.9 percentage points for the parent-to-child sub-
samples with power 0.8.
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vaccination take-up of individuals around the 65 program
age cut-off grouped in 3-month age bins.2* Vaccination
rates jump from just above 30% to around 45% at the
cut-off, and display an increasing slope with age among
age-eligible individuals most likely due to a further influx
into the immunization program and a negligible drop-
out rate (Carman and Mosca, 2014). The corresponding
RDD estimate of 9.8 percentage points (p-value: 0.002;
n =3183) in the final column of Table 2 - which assumes
linear, but different trends on either side of the cut-off
- is precisely estimated, and corresponds to a 30% rela-
tive effect size. This estimate is obtained after controlling
for eligibility for free vaccination based on existing med-
ical conditions, but assumes homogeneity with respect
to this eligibility criterium. This might be an unrealistic
assumption since those with existing chronic disorders
already benefit from the vaccination program and there-
fore might not (or differently) update their vaccination
behavior. Estimates obtained from subsamples of indi-
viduals with and without existing medical conditions,
confirm that the homogeneous treatment effect in Table 2
is mostly driven by low-risk individuals, i.e. their vac-
cination uptake increases with 10.5 percentage points
(p-value: 0.005; n =2376) while the RDD estimate is sub-
stantially smaller and insignificant for those belonging to
the high-risk group (0.058, p-value: 0.370; n =807).2° We
further find no evidence for heterogeneity of the direct pro-
gram impact between individuals with and without adult
children. Restricting the sample to parents only yields a
point estimate of 9.6 percentage points (p-value: 0.005;
n =2831), while further restricting the sample to older par-
ents (single or older parent in a couple) — which is the
subsample most likely resembling the parents involved in
the parent-to-child spillovers - leads to a similar result of
8.5 percentage points (p-value: 0.036; n =1843).

Panel B in Fig. 2 presents the RDD graph for the vaccina-
tion behavior of individuals according to the program-age
of their partner — grouped in 3-month program-age bins.
These partner-to-partner spillovers include the spillovers
that arise both when the older partner turns 65 as well as
when the younger turns 65. The figure shows no support for
spillovers in vaccination rates among partners, which cor-
responds to the relatively small and imprecisely estimated
RDD estimate of 0.037 (p-value: 0.377; n =2068) reported
in column ‘partner-to-partner spillover’ in Table 2. Leaving
out individuals with existing medical conditions does not
change the result, although this might also reflect the rea-
sonably small number of individuals with existing medical
conditions (n = 546); and analyzing treatment heterogene-

24 The procedure described in (Lee and Lemieux, 2010) indicated a 3-
month bin size for the target and partner spillover sample, but a 6-month
bin size for the children spillover sample. To ease visual comparison of
RDD graphs across samples, we use 3-month bin sizes for all panels in
Fig. 2. Appendix Figure A.1 shows the corresponding RDD graphs for a +3
year program-age bandwidth for panels A-C.

25 This is further corrobarated by age discontinuities in the reason for
vaccination among individuals that got vaccinated. Low-risk individuals
were more likely to be invited by their GP, and less likely to get vaccinated
on own request; while there is no such discernible pattern among high-
risk individuals. Results available upon request.
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Fig. 2. Influenza vaccination rate according to own/other partner’s/older parent’s program-age (bandwidth = 63-66). Note: 3183 (panel A), 2068 (panel B),
3766 (panel C) observations from the pooled data of the influenza seasons 1997-1998 to 2007-2008 are used. The running variable is own (panel A), the
other partner’s (panel B), the older parent’s program-age (panel C). Diamonds represent the weighted average influenza vaccination rate of the individuals
(panel A), partners (panel B) or adult children (panel C), grouped in 3-monthly bins based on the running variable. The red line shows a linear trend based
on the observations. The dotted lines represent the 95% confidence intervals. The vertical line represents the age threshold.



N. Bouckaert, A.C. Gielen and T. Van Ourti

Table 2
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Pooled RDD estimates of the (spillover) effect of the vaccination policy at the age threshold.

Parent-to-child spillover

Partner-to-partner spillover Direct effect

63-66 63-66 63-66
Treatment effect —0.025*(0.015) 0.037 (0.042) 0.098***(0.032)
Number of observations 3766 2068 3183

Notes: See text and Section 3 and 4 for details on the RDD set-up. The estimates are based on pooled data of the influenza seasons 1997-1998 to 2007-2008
that is restricted to a £2 year window around the age threshold. Linear trends in program age - that can differ at each side of the cutoff - are used.
Control variables include dummies for sex, member of risk group based on existing disorders, population density, chronic illness, education level, number
of household members, household type, and influenza season. The parent-to-child spillovers additionally control for the older parent’s sex and child age.
The partner-to-partner spillovers additionally control for partner’s age and the other partner’s sex. OLS regression estimates are reported that use sampling
weights. Clustered standard errors at the wave-municipality level to mimic the sampling design are between brackets. * p < 0.10, ** p < 0.05, *** p < 0.01.

ity with respect to one’s partner program eligibility based
on medical conditions is not feasible as the administrative
data only records program-age, sex and residential address
of partners (see also section 3).

Panel C in Fig. 2 presents an RDD graph of the
vaccination behavior of adult children according to the
program-age of their older parent - grouped in 3-month
program-age bins. We find a decline in vaccination uptake
from around 8 percent to 5 percent, which is a substan-
tial drop in relative terms. This negative parent-to-child
spillover is confirmed by the RDD regression estimate of
—2.5 percentage points (p-value: 0.094; n =3766) in col-
umn ‘parent-to-child spillover’ of Table 2. Our sample has
insufficient power to check treatment heterogeneity across
program eligibility based on medical conditions — only 7
percent (n =281) of the adult children reports existing
medical conditions —, but it is reassuring that the spillover
effect obtained from the subsample of adult children with-
out existing medical conditions was only marginally larger
(—0.021, p-value: 0.095, n=3485), and not smaller as one
would expect when those with existing medical conditions
do not not alter their vaccination take-up when their older
parent crosses the age threshold. Treatment heterogene-
ity with respect to existing medical conditions of parents
is not feasible as program eligibility for this reason is not
recorded in the administrative data.

Overall, our estimates provide no evidence in favor of
spillovers between partners, but do indicate non-negligible
parent-to-child spillovers in comparison to the direct
impact of the vaccination policy at age 65 which is simi-
lar for individuals with and without children. We further
find that program eligibility based on medical conditions
weakens the direct policy impact, while spillovers do not
strongly depend on these partners and adult children
already qualifying for the program based on medical con-
ditions.

5.2. Robustness and internal validity

Aseries of checks is done to confirm the internal validity
of our RDD estimates. A first set of tests concerns sen-
sitivity to the assumptions imposed to capture trends in
vaccination take-up, i.e. the choice of window size and
the parametric form used to model trends on either side
of the cutoff. Appendix Table A.2 shows that the effects
are stable or slightly larger for a +/- 3 year window,
while quadratic trends mainly reduce the precision of the
estimated effects. We further confirm that our baseline
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findings using linear trends are robust to the exclusion of
control variables, and to the inclusion of province fixed
effects for each influenza season which capture unobserved
regional differences and trends in, for example, GP med-
ical practices, intensity and spread of previous influenza
seasons, incidence of other infectious diseases, information
campaigns, etc. Next, clustering at the level of the running
variable - own/partner/parental program-age in months -
as compared to clustering at the municipality-wave level
increases the precision of the estimates. Finally, we restrict
the analysis to the survey months February to August, i.e.
those survey months for which we know exactly whether
someone got vaccinated or not (see footnote 14). For the
direct effect at age 65, the imputation procedure for vacci-
nation take-up for the months September to January may
lead to an underestimation of the true effect at age 65 since
the vaccination dummy for the newly invited individuals
(i.e. those that are 65 on May 1st) in those months is partly
based on their vaccination behavior in the previous year
when they did not yet qualify for free influenza vaccination.
The point estimates in Appendix Table A.2 increase after
restricting the sample to the months February to August,
but do not differ significantly from those based on a sample
when observations for September to January are included.
For the spillovers, restricting to February-August would
only make a difference if the month in which the children or
partners are interviewed matters for vaccination take-up.
Our results in Appendix Table A.2 do not provide evidence
for this.

The estimates in Table 2 represent intentions-to-treat
(ITT). These ITT’s are internally valid when treatment is
random, i.e. when the only discontinuous change within a
small window around the 65 program-age threshold is the
change in eligibility for the vaccination policy. As discussed
in Section 4.1, there is little a priori reason to question this
assumption: age cannot be manipulated and anticipation
makes little sense as influenza vaccination only protects
for one year. Moreover, program age-eligibility does not
coincide with calendar age, so that calendar-age triggered
eligibility for other programs (such as pension benefits)
cannot explain the found direct and spillover effects; and
for the spillovers onto children there is the additional
safeguard that children cannot choose their parents. We
did five additional tests that confirm the robustness of
our findings. First, we find that the control covariates are
reasonably balanced around the 65 program-age thresh-
old. The only exception is household type (see Appendix
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Table A.3) although it is reassuring that inclusion or exclu-
sion hardly affects the estimates (see Appendix Table A.2).
Second, the p-values of McCrary'’s test, respectively 0.83,
0.14, and 0.24 for the direct effects, partner-to-partner and
parent-to-child subsamples, indicate smooth program-age
densities and thereby remove any concerns about heap-
ing bias, or age-related attrition (McCrary, 2008). Third, as
part of a placebo check, we find no discontinuous jumps
in vaccination take-up when the program-age cutoff is set
at value 62, 68 or 60 where no jump would be expected
(see Appendix Table A.4).26 While these three additional
tests support the internal validity of our results, one might
still worry that, due to their ITT-nature, the spillover effects
reflect the total effect of parents/partners becoming eligi-
ble for the vaccination program, and not just the impacts
of partner’s/parent’s increased likelihood to get vaccinated
(see also footnote 22). When parents or partners update
their vaccination behavior but also change other behaviors
- such as preventive behavior - as a result of becoming eli-
gible for the vaccination program, our spillover estimates
will reflect both channels. We test for this possibility by
running placebo RDD models on behaviors of individuals
at age 65 in the domains of prevention, healthy behav-
ior, altruism and adherence to alternative medicine as a
change in any of these might also affect the vaccination
behavior of their adult children or partners. Our estimates
in Appendix Table A.5 provide no evidence for this.?” .
The fifth and final set of falsification/robustness checks
confirm, although inevitably with far less power due to
much smaller sample sizes, that (1) crossing the program-
age threshold of 65 in calendar years 1992-1996, when
program-age played no role in qualifying for free influenza
vaccination (see Section 2), did not affect own vaccina-
tion take-up (compare rows A and C in Appendix Table
A.6); and that (2) crossing the program-age cutoff of 60
(the relevant program-age cutoff in place since 2008) led
to somewhat larger (in absolute size) but otherwise similar
direct and spillover effects in influenza seasons 2008-2009
to 2011-2012 (compare rows A and B in Appendix Table
A.6).%8

26 The artificial program-age cutoffs of 62 and 68 avoid that the true
program cutoff age of 65 is within the window, and 60 is the program-age
cutoff that applied from influenza season 2008-2009 onwards.

27 We consider mammography screening, body mass index, blood dona-
tion, consumption of alternative medicine, and visiting an acupuncturist,
naturopathic doctor or psychic healer. We found no discontinuous jumps
at program-age 65 for any of these indicators. This was also the case for an
indicator of exercising, which has previously been shown to increase upon
early and normal retirement in Germany and the United States (Eibich,
2015; Kampfen and Maurer, 2016)

28 The HIS before and after 1996 are not perfectly comparable. First, we
limit to the years 1992-1996 since HIS does not record influenza vaccina-
tion take-up prior to 1992. Second, we only report direct effects at age 65
(and not the spillovers) since the administrative records are not linked to
the HIS prior to 1996 which is required to identify parental and partners
program-age. Third, the HIS prior to 1996 does not record the interview
month which is necessary to construct influenza seasons. Instead we work
with calendar years and replace the controls for influenza season with
controls for calendar year. Absence of information on interview month
also implicates the dependent variable: the vaccination binary dependent
variable for year t takes one when the individual received an influenza
vaccination in year t or in the months September to December of year
t — 1 (see Section 3.2). Fourth, we use robust standard errors and do not
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6. Spillovers linked to older versus younger
parent/partner

In this section we study how vaccination take-up among
partners and children differs depending on whether the
older or younger partner/parent crosses the 65 program-
age cutoff. We first consider within-household spillovers
onto partners. Younger partners differ from their older
partner in some systematic ways, i.e. they tend to be female
and are lower educated (see rows ‘male’ and ‘education
level’ in column ‘Spillover from older/younger to other
partner’ in Table 3). They are also far less likely to get vac-
cinated (see row ‘vaccination rate’).?? Column ‘Spillover
from... to other partner’ in Table 4 (and panel C and D
in Fig. 3) reveals that the younger partner becomes 10.2
percentage points (p-value: 0.064; n=1108) more likely
to get vaccinated when the older partner crosses the 65
program-age cutoff, while the older partner’s vaccination
behavior does not change when the younger partner turns
65.20 The lack of a spillover from young to old is per-
haps not that surprising since the older are already age
eligible for the influenza vaccination program, which is in
line with Carman and Mosca (2014) who show that indi-
viduals continue vaccinating as soon has they have ever
responded to the invitation from the Dutch vaccination
program. More interestingly, the spillover effect from older
to younger in panel Il is of similar magnitude as the direct
effect at age 65 (see column 'Direct effect among... parent’
in Table 4), despite the fact that the younger partners do
not face reduced barriers to influenza vaccination.

The vaccination policy might also differentially affect
adult children depending on whether the older or younger
parent crosses the age-threshold. In contrast to the partner-
to-partner spillovers, we need to impose additional sample
restrictions on the pooled sample in Table 1 before we can
estimate separate child spillovers deriving from the older
or younger parent turning 65. We additionally (a) remove
children for whom only one parent could be identified as
we don’t know whether this is the older or younger par-

account for clustering at the level of the municipality since the HIS does
not record municipality of residence before 1996. Fifth, replication of the
baseline direct effect estimates in row A using calendar years, calendar
year dummies, alternative dependent variable definition and no cluster-
ing at the municipality level (see row D of Appendix Table A.6) confirms
that the difference between the baseline estimates (row A) and the fal-
sification test using data of 1992-1996 (row C) cannot be attributed to
differences in methodology.

29 The higher number of available observations to estimate spillovers
from older-to-younger versus younger-to-older partners merely reflects a
survival effect: both running variables equal on average approximately 65,
but own program age is lower (higher) for spillovers towards the younger
(older) partner (see row ‘own program age’). This survival effect derives
from (a) older individuals having higher mortality rates, (b) older indi-
viduals more often living in single person households, and (c) our sample
restrictions which impose that both partners differ at least one year in
age and that the partner who is affected by the influenza program via a
spillover has the same eligibility status around the cutoff (younger than 65
for spillovers on the younger partner, and older than 65 for the spillovers
on the older partner).

30 The procedure described in (Lee and Lemieux, 2010) indicated a 3-
month bin size panels A and B of Fig. 3, but a 6-month bin size for panels
C-F. To ease visual comparison of RDD graphs across samples, we use
6-month bin sizes for all panels in Fig. 3.
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Table 3
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Summary statistics: older-younger subsamples within 63-66 program-age bandwidth.

Adultchildrenlinked to... parent

Spillover from...to other partner ~ Direct effect among... parent

Older Younger Older Younger Older Younger
Binary variables (0=no; 1=yes)
Vaccination rate 0.06 0.06 0.24 0.67 0.37 0.43
Education level: primary 0.05 0.05 0.24 0.21 0.19 0.26
lower secondary 0.17 0.18 0.39 0.26 0.26 0.40
upper secondary 0.45 0.45 0.22 0.30 0.31 0.23
post-secondary 0.32 0.32 0.15 0.23 0.24 0.11
Household type: single person 0.13 0.11 0.01 0.01 0.01 0.01
couple 0.21 0.16 0.85 0.93 0.88 0.93
household with children 0.66 0.73 0.13 0.06 0.11 0.05
other 0.01 0.00 0.00 0.00 0.00 0.00
Population density: < 500 inhabitants/km? 0.14 0.15 0.15 0.15 0.16 0.18
500< inhabitants/km? < 2500 0.68 0.70 0.73 0.71 0.71 0.71
2500 < inhabitants/km? 0.18 0.16 0.12 0.15 0.13 0.11
Male 0.49 0.51 0.14 0.84 0.85 0.14
High-risk group 0.07 0.07 0.22 0.31 0.26 0.24
Chronic illness 0.26 0.26 0.45 0.46 0.44 0.47
Parent male 0.84 0.16
Continuous variables
Own program age 35.00 (4.10) 38.13 (3.96) 60.03 (4.86) 68.84 (2.94) 64.78 (1.11) 65.06 (1.12)
Number of household members 3.09(1.30) 3.37(1.36) 2.17(0.58) 2.07 (0.34) 2.14(0.49) 2.05(0.30)
Number of observations 2310 2045 1108 960 1185 828

Note: All cells show weighted sample means. Standard deviations in parentheses for continuous variables. The summary statistics in column 'Older’
are obtained after linking to the older parent/partner/own program-age, making sure that the other parent/partner can be identified and asserting that
the younger parent/partner’s program-age is smaller than 65. The summary statistics in column 'Younger’ are obtained after linking to the younger
parent/partner/own program-age, making sure that the other parent/partner can be identified and asserting that the older parent/partner’s program-age

is 65 or older.

ent; (b) remove children whose parents differ less than
12 months in age to avoid contamination by both parents
receiving the first invitation in the same influenza season;
and (c) ensure that the eligibility status of the ‘untreated’
parentsis the same on either side of the program-age cutoff
(cf. Section 3.1). Next, we subdivide the remaining sample
in two subsamples where we either link to their younger
or older parent. Summary statistics in Table 3 reveal lit-
tle difference between children linked to their older or
younger parent, except that adult children linked to their
younger parent are 3 years older and have more children
themselves.3! The resulting RDD estimates are presented
in column ‘Adult children linked to... parent’ in Table 4 and
corresponding RDD graphs are presented in panel E and
F of Fig. 3.32 The results in Panel II show that adult chil-

31 The same reasoning as in footnote 29 explains why more adults can be
linked to their older parent than to their younger parent. Note further that
the same child might appear in both subsamples when both parents are
within the 63-66 age range which explains why the combined number of
observations in columns 'Adult children linked to Older/Younger parent
of Table 3 surmounts that in column 'Parent-to-child spillover’ of Table 1,
even though the latter includes all baseline observations. This is different
in the partner-to-partner subsamples: an indivdiual only features in one
of both subsamples because the HIS survey only interviews one household
member.

32 All RDD estimates and graphs in Table 4 and Fig. 3 are replicated
with a +/- 3 year bandwidth in Appendix Table A.8 and Appendix Fig-
ure A.2. We also present summary statistics with a +/- 3 year bandwith in
Appendix Table A.7. Appendix Table A.8 also presents estimates obtained
after excluding all parents differing less than 24 months in age which
confirms robustness to a mechanical composition effect that occurs when
only excluding parents differing less than 1 year. In the latter case, the age
difference is 12 months or more to the left of the cutoff and for the first
year to the right of the cutoff - when linking to the older parent —, but the
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dren are 4.5 percentage points (p-value: 0.015; n =2310)
less likely to get vaccinated when their older parent turns
65. This is almost double the effect size obtained in the
baseline analysis in Table 2. At the same time, we find
no evidence that adult children update their vaccination
behavior when the younger parent turns 65 (Panel III). This
suggests that spillovers of the vaccination program on the
adult children crucially differ depending on whether their
parent is the first or second in the family to receive an
invitation for a free influenza vaccination. Our data do not
allow testing whether this difference is related to older
parents typically being male, but we do not reject the null
hypothesis of similarly sized spillovers towards daughters
and sons.?? The different spillover between first and sec-

minimum age difference linearly increases from 12 to 24 months for the
second year to the right of the cutoff. A similar reasoning applies when
linking to the program-age of the younger parent.

33 Absence (presence) of spillovers from younger (older) parents to adult
children might depend on children’s sex (for example, Carpenter and
Lawler(2019)find that girls react stronger to school mandates than boys in
US). This possibility is analyzed with t-tests of the difference in treatment
effects as derived from RDD models using sex-specific and younger/older
parent-specific subsamples. We find that spillovers from older parents to
both female and male adult children are negative and the estimate for
female children is only 0.010 percentage points larger than that for male
children (p-value = 0.788). Spillovers from younger parents to female and
male adult children are not significantly different from zero (p-values of
0.315 and 0.500; and the spillover to females is 0.048 percentage points
larger than that to males (p-value = 0.234)). Treatment heterogeneity of
children’s spillovers by parental sex, and treatment heterogeneity of the
direct effects and partner spillovers by sex of the partners/parents was
not analyzed because the relevant subsamples are too small as men tend
to be the older partner in around 85 percent of couples (see row “male”
in columns “spillovers from. ..” and “direct effect...” in Table 3).
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ond parent reaching the 65 program-age cutoff could in
principle also result from a stronger direct response to the
vaccination policy among the older versus younger parent.
We find no evidence in the HIS sample that older par-
ents respond more vigorously when becoming eligible for
free influenza vaccination compared to the younger par-
ents (see column ‘Direct effect among... parent’ and panel
AandBinFig. 3).34 In Section 7 we further discuss potential
mechanisms underlying these findings.

7. Further evidence and discussion

In this section we further explore the potential mech-
anisms underlying the asymmetric spillovers between
partners and from parents to children. We already estab-
lished in sections 5 and 6 that neither anticipating one’s
65th birthday, changes in parental prevention, health
behavior, altruism, adherence to alternative medicine or
gender heterogeneities are likely mechanisms underlying
the spillovers. The data also does not support any con-
founding by regional and/or time variation in GP medical
practices, spread of influenza and other infectious diseases,
or information campaigns. In this section, we mostly fol-
low Kremer and Miguel (2007) and Fadlon and Nielsen
(2019), and discuss the relevance of the following mech-
anisms in light of the results presented in sections 5 and
6: (a) epidemiological externalities (and the related con-
cept of cross-protection); (b) information transmission,
covenience, updating of target group membership and
risk perceptions, (c) perceived shortages of vaccines; (d)
salience; and (e) we also reflect on the health impact
of the spillover effects. Additional empirical evidence is
presented in this section, but should be interpreted cau-
tiously since (a) statistical power weakens when checking
treatment heterogeneity on increasingly smaller subpop-
ulations (see Section 4.2), (b) we cannot follow influenza
vaccination behavior of the same individual over time,
and (c) unfortunately the data provide no information on
whether the linked partners/parents are getting vaccinated
before and after reaching the 65 program-age threshold

34 Compared to the baseline analyses in row 'baseline’ of Table 4, we
additionally removed (a) childless people belonging to the 63-66 age
bandwidth; (b) single parents, (c) parents differing less than one year in
age, and (d) ensured that the eligibility status of 'untreated’ parents is the
same on either side of the cutoff. Since parents can only appear in the
younger or older subsample, these sample restrictions leads to a lower
combined number of observations in panels Il and IIl compared to the
number of observations in the basline analysis in panel I of Table 4. Sum-
mary statistics in column ‘direct effect among... parent’ of Table 3 indicate
that older parents are more likely male and higher educated compared
to younger parents. In addition, the reasoning in footnote 29 partially
explains the larger sample size for 'direct effect among older (versus
younger) parent’, but there is an additional mechanism that increases the
difference in sample size between older and younger parents: all are on
average 65 years old (all are within the 63-66 age interval), but their
partners are respectively on average 60 and 69 years old. This affects
household composition because older individuals are more likely to be
the older partner. Hence at age 69 individuals are more likely to be the
older partner than at age 65 (n = 960 vs n = 828 in row ‘Number of obser-
vations’ of Table 3), and the reverse argument holds for ages 60 and 65 (n
= 1108 vs n = 1185 in the same row of Table 3).
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which would be required to go beyond ITT estimates (more
discussion in Section 4.2 and footnote 22).

Negative epidemiological externalities arise when indi-
viduals realize their probability to be infected depends
negatively on the vaccination behavior of other individ-
uals they frequently interact with. An individual might
therefore stop getting vaccinated when their parent or
partner takes up vaccination as it reduces their marginal
benefit of getting vaccinated (Kremer and Miguel, 2007).
We cannot test this hypothesis directly because we can-
not follow influenza vaccination behavior over time, we
do not observe partner’s/parent’s vaccination behavior,
and our data do not inform on the frequency of interac-
tions between different family members. However, we can
do an indirect test, as one would expect more frequent
contact, and thus a bigger role for negative epidemiolog-
ical externalities, between family members that belong
to the same household (within-household spillovers) as
compared to those that are part of different households
(between-household spillovers). This would imply that the
spillover-estimates in Tables 2 and 4 should be smaller for
the partner-to-partner than the parent-to-child spillovers.
This is exactly opposite to what we find suggesting that,
if anything, negative epidemiological externalities matter
for the parent-to-child spillovers, in particular when the
older parent turns 65, but not for the spillovers between
partners. We scrutinize this possibility by proxying fre-
quency of contact between parents and children by the
geographical distance between their residential addresses
which should be a reasonable proxy since the Netherlands
is a small and densely populated country,?®> and test
whether parent-to-child spillovers are more negative for
parents and children living in close vicinity compared to
those living further apart. However, when estimating a
model allowing for an interaction between the disconti-
nuity and parent-children proximity>® we could not reject
homogeneity of the treatment effect (p-value = 0.374). Fur-
thermore, the absence of a spillover effect from the younger
parent to the child is further evidence at odds with nega-
tive externalities explaining the parent-to-child spillovers.
An alternative, but related explanation for negative child
spillovers might be positive epidemiological externalities.
Such cross-protection effects consist of children altruis-
tically getting vaccinated to protect their parents from
getting the flu. When parents turn 65 and get vaccinated
themselves, children might no longer see the need for
getting vaccinated. This could in principle play a role in
the Dutch context since children providing informal care
for their parents are recommended to obtain a flu shot,
although lack of data on informal caregiving prohibits test-

35 For each individual in the HIS and their parents in the administrative
register, we have an encrypted address location which allows calculating
the distance between children’s and parent’s municipalities of residence.
As vaccination invitation letters are sent out by the end of September, we
take the addresses on October 1st for each influenza season.

36 In our sample, 3.63 percent of the adult children co-habit with their
parents, 45.29 percent live separately but still within the same municipal-
ity, 23.25 percent live in a different municipality but still within 20km,
13.64 percent within 20-60 km, and the remaining 14.19 percent live more
than 60 km apart.
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Table 4
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RDD estimates of the (spillover) effects of the vaccination policy - older/younger partner/parent.

Adult children linked to... parent

Spillover from... to other partner

Direct effect among... parent

63-66

63-66

63-66

I. Baseline

I1. Older (conditional on younger
parent/partner being under age 65)
I1I. Younger (conditional on older
parent/partner being 65 or above)

~0.025* (0.015) [3766]
—0.045** (0.019) [2310]

0.002 (0.021) [2045]

0.037 (0.042) [2068]
0.102* (0.055) [1108]

~0.024 (0.065) [960]

0.098"* (0.032) [3183]
0.099% (0.052) [1185]

0.118* (0.066) [828]

Notes: See text and Section 3 and 4 for details on the RDD set-up. The estimates are based on pooled data of the influenza seasons 1997-1998 to 2007-2008
that is restricted to a +2 year window around the age threshold. Linear trends in program age - that can differ at each side of the cutoff - are used.
Control variables include dummies for sex, member of risk group based on existing disorders, population density, chronic illness, education level, number
of household members, household type, and influenza season. The parent-to-child spillovers additionally control for the older parent’s sex and child age.
The partner-to-partner spillovers additionally control for partner’s age and the other partner’s sex. The estimates in Panel Il reflect the age discontinuities
in vaccination take-up obtained after linking to the older parent/partner/own program-age, making sure that the other parent/partner can be identified
and asserting that the younger parent/partner’s program-age is smaller than 65. The estimates in Panel III reflect the age discontinuities in vaccination
take-up obtained after linking to the younger parent/partner/own program-age, making sure that the other parent/partner can be identified and asserting
that the older parent/partner’s program-age is 65 or older. OLS regression estimates are reported that use sampling weights. Clustered standard errors at
the wave-municipality level to mimic the sampling design are between brackets. Number of observations between square brackets. * p < 0.10, ** p < 0.05,

= p <0.01.

ing this hypothesis directly. Nevertheless, as women are
much more likely to provide informal care for their par-
ents compared to men (Oudijk et al., 2010), the absence
of differential spillovers towards male or female children
reported in Section 6 and footnote 33 is not in line with the
hypothesis of positive cross-protection effects. All in all, we
therefore tentatively conclude that epidemiological exter-
nalities and cross-protection are an unlikely explanation
for the partner-to-partner and parent-to-child spillovers.
Well-informed individuals are known to have higher
vaccination take-up rates (Bronchetti et al, 2015;
Nuscheler and Roeder, 2016). When becoming age-eligible
for the free influenza vaccination program, individuals
learn about costs and benefits of influenza vaccination and
might transfer this information to their partners, includ-
ing information on tangible costs, perceptions about the
effectiveness and the safety of the vaccine, fear about side
effects, needles and pain, and knowledge on time costs
(van Essen et al., 1997; Chapman and Coups, 1999; Wu,
2003; Zijtregtop et al., 2010; Bish et al., 2011; Nagata et al.,
2013). This explanation is line with the positive spillover
from the older to younger partner; while the absence of
spillovers from the younger to older partner is in line
with the older already having received invitations (and
the associated information) before.3” These patterns are
also consistent with both partners visiting the GP together
due to the younger partner experiencing a reduced barrier
to access the GP. Such a convenience argument is sensi-
ble in countries with substantial barriers to access health
care providers. For example, Carpenter and Lawler (2019),
Schaller et al. (2019) and Hoffmann et al. (2019) have
shown that vaccination take-up and/or spillovers towards

37 This is corroborated by the patterns in the reported reasons for
influenza vaccination: the share of vaccinations on own request among
younger partners showed the largest increase (8 percentage points)
when their older partner became age-eligible (compared to vaccina-
tion because of program-related GP invitation, program-unrelated GP
recommendation, specialist/employer/community health care centre rec-
ommendation, other reason); while no meaningful change in any reason
was found among the spillovers towards older partners.
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non-mandated vaccines mostly arise through overcoming
the barriers and opportunity costs of accessing health care
providers. Although our data rule out formal testing of this
convenience argument, it should be less relevant in the
Netherlands: all GPs organize special walk-ins through-
out the week, there are no co-payments or out-of-pocket
expenditures for GP visits; and non-eligible individuals (the
younger partners) first need to visit the GP for a prescrip-
tion, next have to buy the vaccine from the pharmacy and
finally revisit the GP to get vaccinated; while the eligible
individuals (the older partners) can get vaccinated during
their first GP visit (see also Section 2). Getting vaccinated
together therefore requires a substantial amount of coor-
dination between both partners; but at the same time does
neither substantially reduce the opportunity cost of getting
vaccinated, nor does it increase access to GPs.38

A special type of information transmission concerns
updating of the target group which could explain the nega-
tive parent-to-children spillovers, in particular since Dutch
citizens are among the European citizens that put most
trustin their government and attach importance to govern-
mental information on health issues (Bults et al., 2010; van
der Weerd et al., 2011). When individuals receive their first
invitation for influenza vaccination, their offspring might
learn that they do not belong to the target group of the
influenza vaccination policy, while target group member-
ship is already internalized by the time the younger parent
turns 65.39 This is in line with previous descriptive Dutch

38 The convenience argument could be more reasonable when both part-
ners visit a GP with an in-practice pharmacy, because the additional steps
of getting a prescription and buying the vaccine from the pharmacy can
be avoided. Since only 141 younger partners (out of 1108) visit a GP with
an in-practice pharmacy we lack the statistical power to test whether the
partner-to-partner RDD estimates are stronger for this group. In addition,
since only age and sex of the older partner are linked from the adminis-
trative registers, we do not know whether both partners visit the same
GP.

39 This interpretation might seem at odds with the earlier reported
homogeneity in the negative parent-to-children spillover across physical
proximity between parents and children in the context of epidemiological
externalities. One should however realize that actual and frequent physi-



N. Bouckaert, A.C. Gielen and T. Van Ourti

Panel A: direct effect among older parents
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Panel B: direct effect among younger parents
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Panel D: younger partner to older partner spillover
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Fig. 3. Own/partner’s/children’s influenza vaccination rate around the 65 program-age threshold: young vs old (bandwidth =63-66). Note: 1185 (panel
A), 828 (panel B), 1108 (panel C), 960 (panel D), 2310 (panel E), 2045 (panel F) observations of the pooled data of the influenza seasons 1997-1998 to
2007-2008 are used. The running variable is program-age. The RDD graph in panel A (B) is obtained after linking to the individual’s own program-age and
making sure that the younger (older) parent is younger (older) than 65. The RDD graph in panel C (D) is obtained after linking to the program-age of the
older (younger) partner and where the younger (older) partner is younger (older) than 65. The RDD graph in panel E (F) is obtained after linking to the
older (younger) parent’s program-age and using children for whom both parents can be identified and where the younger (older) parent is younger (older)
than 65. Diamonds represent the weighted average influenza vaccination rates of parents, partners and adult children grouped in 6-monthly bins based
on program-age. The red line shows a linear trend based on the observations. The dotted lines represent the 95% confidence intervals. The vertical line

represents the age threshold.

evidence showing that not being part of the target group
is mentioned as (second) most important reason for not

cal contacts are required for epidemiological externalities while updating
of the target group, and more generally information transmission, only
requires non-physical contact. Unfortunately, we have no accurate mea-
surements on the frequency of physical and/or non-physical contact (e.g.
phone, email, etc.).
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getting vaccinated against seasonal or pandemic influenza,
in particular for individuals that do not qualify for the
program based on existing medical conditions (Kroneman
and Verheij, 2003; Bults et al., 2010; van der Weerd et al.,
2011). The importance of target group membership updat-
ing is further corroborated by the exact wording used in
the invitation letters sent by GPs. We obtained example
invitation letters drawn up by the Dutch college of general



N. Bouckaert, A.C. Gielen and T. Van Ourti

practitioners that serve as example for the GPs to person-
ally invite the population at risk.*? These letters underline
that getting vaccinated offers protection against influenza,
that vaccination is free of charge and provide the follow-
ing definition of the target group: “Individuals aged 65
or more,*! and individuals of all ages with heart, lung or
renal disease, diabetes or with immune dysfunctions, are
at increased risk to fall seriously ill due to influenza. You
belong to one of these groups. That is why you are eligi-
ble for influenza vaccination.” The reference to the 65 age
threshold can be confusing for individuals who receive the
letter for the first time. The invitations are received around
September/October, and since program-age is determined
as of May 1st in the following year, the real age of individ-
uals whose month of birth is between September/October
and April is only 64. For this group, the receipt of the letter
can come across as a mistake made in the invitation pro-
cedure, which can contribute to discussing the letter more
intensely with family. The mechanism of updating target
group membership seems less important for the spillovers
between partners as the vaccination rate of younger part-
ners increases when their older partner turns 65. This
increase is mostly driven by couples that differ only a few
years in age. Younger partner’s vaccination rates do not
decrease in couples with a larger age difference, i.e. the
pattern one would expect when updating of target group
membership occurs mostly among partners that are suffi-
ciently younger than the 65-year program age-cutoff.*?
Perceived (or actual) vaccine shortages could further
strengthen the reduction in vaccination uptake due to
updating of target group membership. Under real (or per-
ceived) pressure on vaccination capacity, adult children
might forego getting vaccinated in order to give priority to
individuals that are more at risk. While it is reassuring that
the estimates in Table A.2 confirm robustness of the pooled
parent-to-children spillovers to inclusion of province fixed
effects for each influenza season (that account for region-
specific trends in perceived and actual shortages), our
estimates could still be driven by perceived vaccine short-
age coinciding exactly with one’s older parent turning 65.
We have no information on individual’s perceived short-
ages, but there were no actual influenza vaccine shortages
between 1997-1998 and 2007-2008 in the Netherlands,
except for a mild shortage in 2005 which was solved by
December 2005 (Tacken et al., 2006) and which attracted
some attention in newspapers (Scholtens, 2005). Further-
more, the bird flu spread around the Eurasian continent in

40 Note that the GP is not obligated to follow the example invitation
letter, and is free to formulate an alternative invitation letter or not to
send out an invitation at all. As we discussed in footnote 4, most GPs do
send out a personal invitation.

41 We could only obtain access to example invitation letters for 2009,
2011 and 2012 (not for the years 1997-2008) and therefore these letters
actually mentioned “60 or more”.

42 The RDD estimate of the older-to-younger partner spillovers among
couples that differ less than 4 years in age amounts to 0.121 (p-value:
0.093, n=575), while that among couples differing 4 or more years in
age amounts to 0.041 (p-value: 0.673; n=533). Treatment heterogeneity
along groups based on smaller (3 or 2 years) or larger age differences (5
or more) was not pursued because such groupings reduced sub-sample
sizes too much for credible RDD estimation.
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2003-2006, and in 2003 it reached the Netherlands. So, if
anything, we would expect, in decreasing order, more con-
founding due to perceived vaccine shortages in 2005, 2003,
2004 and 2006. However, when re-estimating the older
parent-to-children spillovers with a model allowing for an
interaction between the discontinuity and an indicator for
influenza seasons 2003-2004 and 2005-2006, we could not
reject homogeneity of the treatment effect (p-value: 0.831).
The same finding was obtained when interacting with an
indicator for 2003-2004 to 2006-2007 (p-value: 0.119).
We thus conclude that perceived (or actual) shortages are
an unlikely explanation for the negative parent-to-child
spillovers.

We thus hitherto conclude that the opposite signs of the
spillover effects between partners and towards children
are most likely explained by an information transmission
and updating of target group membership. The data pat-
terns are however also in line with underestimation of the
flu mortality risk at older ages - information transmission
should then lead to an upward update of the flu mortality
risk; with a more modest (or no) shift the lower the age
of the younger partner —; and overestimation at younger
ages - where updating of group membership coincides with
a negative update of the flu mortality risk (Carman and
Kooreman, 2014). While the exact distinction between risk
updating on the one hand, and information transmission
(partners) and updating of the target group (children) on
the other hand is impossible to establish with our data,
a perhaps equally important distinction is that between
spillovers being driven by learning (learning about costs
and benefits of vaccination, updating target group or updat-
ing flu risk) and/or the salience of the paternal/partner’s
receipt of the invitation for free influenza vaccination.
Recent work on non-communicable health shocks shows
that within family spillovers in preventive care uptake and
harmful habits partly reflect learning but mostly salience
of the health shock (Fadlon and Nielsen, 2019), but there
is no comparable literature on within family vaccination
spillovers for communicable diseases. In order to learn
more about the potential role of salience, we compare
spillovers towards non-eligible individuals with spillovers
towards individuals qualifying for free vaccination based
on existing chronic disorders, but not based on their age. A
change in vaccination uptake in the latter group that coin-
cides with their older partner turning 65 is in line with a
larger role of salience versus learning compared to a sim-
ilar change in vaccination uptake in the former group.*?
Our estimates in Section 5.1 did not indicate that spillovers
towards partners or adult children strongly depend on
qualifying for the program based on medical conditions;
thus suggesting that salience plays a role for the spillovers.
How important salience is versus learning is difficult to
establish, but the negative sign of the spillovers towards
children and the more positive spillovers towards partners

43 While those with existing chronic disorders qualify for free influenza
vaccination, and the group without not; the cost of getting vaccinated is
similar on both sides of the RDD spillover threshold for both groups as the
younger partners cannot qualify for the program based on age when their
older partner turns 65.
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with a more similar age, as compared to partners with a
much younger age, underlines that learning also matters
(see also footnote 42).

Unraveling the mechanisms is important to better
understand the underlying behavioral responses, but does
not inform on the health impact of the spillover effects.
In a companion paper, we show that the vaccination pol-
icy had a substantial direct health and health care impact
at age 65 (Van Ourti and Bouckaert, 2020). During each
month with high influenza virus circulation, we found,
on average, 1.5 per 100,000 fewer influenza and pneumo-
nia deaths, a 15 percentage point lower probability to use
prescribed medicines and 0.13 fewer GP visits at program-
age 65; while no discontinuities were observed during
months with low virus circulation.** These estimates show
that the policy had a non-negligible direct effect — both
directly but also via the spillovers - on health care use at
program-age 65; while the mortality effect, even though
statistically significant, was small.*> While corresponding
estimates of how the policy ‘spilled over’ to the health care
use and mortality experiences of the partners and chil-
dren of individuals that turned 65 are not presented in
this paper due to insufficient statistical power,*® the find-
ings in our companion paper do suggest that the policy,
via increased vaccination take-up among younger part-
ners, further reduced mortality and GP visits and prescribed
medicines use. The net impact is however unclear because
adult children of parents at the 65 program-age discon-
tinuity reduced vaccination uptake leading potentially to
more health care use. How much this counterbalances the
reduced health care use among parents (and partners) is
unclear, but it could be substantial as the influenza virus’
effectiveness at preventing influenza infections, i.e. the
antibody response to influenza vaccination, is inversely
related toage(Langetal.,2010; Grohskopfetal.,2013). This
counterbalancing argument is probably less important for
the mortality impact because influenza-related mortality
hardly occurs at younger ages (Thompson et al., 2004), and
because our identification strategy accounts for increased
parental infection probability when children are getting
vaccinated less.

44 These estimates additionally confirm that the estimates reported in
Tables 2 and 4 are not just the result of social desirability bias.

45 Similarly small mortality impacts at age 65 have recently been
reported by Anderson et al. (2020) for the UK.

46 We used the same data to estimate the health care use impact in our
companion paper, but the identification strategy was extended with a
comparison between RDD estimates in months with low versus high virus
circulation. This reduces the sample size considerably, in particular for
months with high virus circulation because there are only between 0 and
3 such months per influenza season. This leaves sufficient statistical power
for identification of the direct policy impact at age 65, but the additional
reduction in sample size required to link to older versus younger parent or
partner reduces sample sizes too much. This holds also true for the mor-
tality effects, even though they were estimated from register data for the
entire Dutch population, as the combination of reduction in sample size
from linking to older or younger partner/parent with influenza-related
deaths being rare, in particular among children, leaves too little statistical
power.
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8. Conclusion

In this paper, we investigate spouses’ and adult chil-
dren’s influenza vaccination response when partners or
parents become age-eligible for free influenza vaccination
in the Netherlands. This focus on within-family spillovers is
justified as the household is the most important transmit-
ter of the influenza virus, more so than childcare, school or
workplace environments. Our results thus contribute to the
design of preventive care policies by pointing to the impor-
tance of spillovers, neglect of which might lead to under-
or overestimation of overall program (cost-)effectiveness.

Using a rich dataset that combines survey data on indi-
vidual vaccination uptake with administrative records on
demographics of partners and parents, and exploiting the
age-eligibility rules of the Dutch influenza vaccination pro-
gram, we show that vaccination spillovers in the family
context are almost as important as the direct impact on
vaccination uptake. We find a positive vaccination response
when anindividual’s older partner turns 65, while the adult
children, living mostly in other households, reduce their
vaccination take-up by almost half when the older parent
becomes age-eligible.

These findings have several important implications. We
are the first to present evidence of important and asymmet-
ric within-family influenza vaccination uptake spillovers
in a high income country. Our findings suggest that family
networks contribute to information transmission of costs
and benefits of influenza vaccination, but the salience effect
of the invitation for a free flu shot also runs through fami-
lies. Furthermore, our results underline the importance of
public health campaigns paying attention to the effects of
public perceptions and attitudes on (voluntary) preventive
care participation. In the case of influenza vaccination, par-
ticipation outside the target group is not harmful for the
personal health of the program-ineligible individual, and
generates indirect protection to individuals at risk. If inel-
igible individuals choose to finance their own vaccination,
it should not be discouraged by policymakers, but directly
or indirectly encouraged, e.g. by adjusting the information
message that is distributed. One possible policy adjust-
ment in this respect could be to less explicitly focus on
the delineation of the target group, or alternatively, more
explicitly focus on the benefits of indirect protection (next
to direct protection) when addressing the target group and
the broader population. The combination of the findings in
this paper with those in a companion paper (Van Ourti and
Bouckaert, 2020), suggest substantial program-associated
health care effects of within-family vaccination spillovers,
although the overall program effect in the Netherlands ulti-
mately depends on the persistence of the spillovers and on
the positive health care impacts among partners outweigh-
ing the negative impact on adult children.
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