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Parental Attitudes and Beliefs about Vaccines:
Unexpected Effects of a Hepatitis B Vaccination Campaign*

Clémentine Garrouste! Arthur Juet? Anne-Laure Samson®
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Abstract

We evaluate the impact of a French vaccination campaign against Hepatitis B (HB) in 1994. Using
a regression discontinuity design, we show that this campaign created an exogenous shock on vaccination
behavior, increasing the vaccination rate for children aged 11 and above. We also show that this vaccination
scheme led to a decline in the knowledge about HB transmission modes, as well as public confusion about
the target population. But our most important result is a drop in measles, mumps, and rubella (MMR)
vaccination rate and an increase in the belief that measles is a benign disease. We interpret these results as
a salience effect: the focus on HB vaccination may lead to a decrease in the beliefs that other vaccines are as
important. We find that the decrease in MMR vaccination is mostly due to high-educated parents who are
more likely to substitute MMR with HB for their children, and could have been influenced by their family
doctor. The effect on MMR vaccination was relatively unexpected and may imply a negative externality.
Measles is an extremely contagious disease. If the vaccination rate falls, the disease will spread further,
raising the question of the net effect of the HB vaccination campaign on the well-being of the population.
Overall, it shows the necessity - but also the difficulty- to evaluate the effects of a public policy as a whole,
taking into account all potential side effects but also unexpected adverse effects.

JEL Codes: 110, 112, J18
Keywords: vaccination campaign, hepatitis B, measles, mumps, rubella, spillover effects, regression discontinuity
design, sharp design
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INTRODUCTION

Vaccination is an individual choice or a parent’s decision for her child. However, this choice gen-
erates positive collective externalities. An individual who gets vaccinated against an infectious
disease, not only decreases her likelihood of being infected, but also decreases the likelihood of
others becoming infected. This choice may also be affected by vaccination choices of others.
As vaccination reduces transmission of an infectious disease, it can provide an incentive for
individuals to be free-riders, i.e. to benefit from the vaccination of others while avoiding the
costs of vaccination. For them, there is no monetary cost, no wasted time to be vaccinated, no
side effects, i.e. no adverse effects related to the injection of the vaccine. Overall, this means
that the cost-benefit ratio at the individual level may be different from the cost-benefit ratio
at the collective level.

In order to eradicate an infectious disease, 80 to 95% of the population (depending on the
disease considered) has to be vaccinated. For public policymakers, implementing a vaccination
campaign is one way to increase vaccination coverage and to fight an infectious disease. How-
ever, they need to anticipate the reactions of the population to a vaccination campaign. If no
one wants to be vaccinated, the disease continues to spread. On the contrary, if individuals
react positively to the campaign and decide to vaccinate themselves, it can slow down the
propagation of the disease. The information provided during the campaign may also influence
individuals’ beliefs about vaccination and modify individuals’ perception of vaccination in gen-
eral. Therefore, we could expect positive spillover effects of the campaign onto other vaccines
and an increase in knowledge about the diseases.

Our paper focuses on Hepatitis B (HB). HB is an infectious disease leading to chronic disease
with a risk of death from cirrhosis and liver cancer. The HB virus is transmitted through sexual
relations and blood, or at birth from the mother to the child (Wright and Lau, 1993). Given
these transmission modes, the risk to contract HB is not linear across age groups: it is low
during childhood, a peak is reached for the 20-29 years old group, after which the risk decreases
(Nauche, 2001). The transmission among drug users or via sexual relations are the most frequent
modes of transmission. Once an individual contracts HB, no treatment can be administered to
recover from the disease. HB is a widespread world disease: two billions people have been or
are infected worldwide and approximately 350 millions have chronic HB. In France, endemicity
is quite low: chronic HB is estimated to affect about 0.65% of adults aged 18 to 80 (prevalence),
i.e. about 280,000 individuals (Meffre et al., 2006).

Following recommendations made by the World Health Organization to increase vaccination



rates, the French government launched a major vaccination campaign against HB in 1994, that
was implemented in two steps.

First, in June 1994, the French government subsidized and launched a major communi-
cation campaign against HB, mainly directed towards young people, through TV and radio
commercials and the distribution of leaflets. It aimed at increasing knowledge about HB.

Second, from September 1994 on, free vaccination was offered to pupils in middle and high
school, ie. to pupils aged 11 and above. This measure therefore created an exogenous shock
on vaccination behavior. We examine the effects of the 1994 vaccination campaign on parental
attitudes and beliefs about vaccines and parental understanding of the campaign.

We use data from the 1995 Health Barometer, collected by the French National Public
Health Agency, to analyze the effects of child eligibility to the free vaccination campaign,
capturing both the effects of the information campaign and the effects of the free vaccination
scheme. Apart from its effect on HB vaccination, it is expected that the vaccination campaign,
while delivering positive messages and underlining the benefits of the vaccine, may also improve
confidence in vaccination in general, thus encouraging parents to vaccinate their children against
other diseases, like the Measles, Mumps and Rubella (MMR). It may also improve knowledge
about vaccination (eg. the modes of transmission of HB).

Our data show a strong discontinuity in HB vaccination rates at the age of 11, which cor-
responds to the age at which pupils usually start middle school. The probability of being
vaccinated against HB is approximately 40 percentage points higher for children aged 11 and
above than for children below this threshold. The free vaccination scheme therefore led to a
higher level of immunization among children. Moreover, we find that parents whose child was
exposed to the vaccination scheme (ie. whose child was older than 11 in 1995) have less knowl-
edge about the modes of transmission, and are confused about the targeted population. An
even more striking result is that the HB vaccination campaign had a strong impact on MMR
vaccination, which decreased by about 13 percentage points.

The paper proceeds as follows. Section 1 provides an overview of the literature on the impact
of vaccination campaigns or polemics on vaccination behaviors, and specifies our contribution
to the literature. Section 2 describes in more detail the 1994 vaccination campaign. The
empirical strategy is presented in Section 3. Section 4 presents the data and some descriptive
statistics. Section 5 reports on the main results, as well as some robustness checks and potential

mechanisms that may drive our results. Section 6 presents the final discussion and concludes.



1 PREVIOUS LITERATURE

Several recent studies focus on individual reactions to vaccination campaigns, that take the form
of information campaigns or mandatory vaccination campaigns. Both have proved to be very
effective at increasing vaccination rates against the disease targeted. Lawler (2017) compares
different states in the US, characterized by different hepatitis A (HA) policies: vaccination can
be mandatory or only recommended. The author shows that both policies are highly effective at
increasing vaccination rates and decreasing the incidence of the disease. Individuals facing the
mandatory campaign immediately increase their vaccination rate while the recommendation
campaign have a more gradual effect that continues to increase for up to 4 years following
implementation. Abrevaya and Mulligan (2011) focus on a vaccination campaign in the US:
some states implemented a policy that forced children to get specific vaccines in order to start
daycare or school. The authors show a strong and immediate causal effect of this campaign on
vaccination rates, a peak of which is reached two years after the implementation of the policy.
However, the causal impact decreases six years after the adoption of the vaccination policy.

Vaccination campaigns can also lead to positive spillovers. The literature indicates that
they can have beneficial effects beyond their intended effect on vaccination against the tar-
geted disease. Moghtaderi and Dor (2016) study the impact of a recommendation campaign
for vaccination against Human Papillomavirus (HPV) in the US. Using a fuzzy regression dis-
continuity design, they show that women who have been vaccinated against HPV are more
likely to do screening tests, possibly due to increased awareness of the benefits of prevention.
Carpenter and Lawler (2019) show the direct and spillover effects of state requirements for mid-
dle school pupils having a tetanus, diphtheria, and pertussis (TDP) vaccination before starting
middle school. These mandates increased TDP vaccination adherence by 13 pp and reduced
pertussis morbidity in the whole population by 32 percent. They also document cross-vaccine
spillovers: the mandates increased adolescent vaccination for meningococcal disease, HPV ini-
tiation and HPV completion. Spillover effects are higher for children from low socio-economic
households, who initially have a lower vaccination rate in the absence of the mandate. Simi-
larly, Biitikofer and Salvanes (2020) find a beneficial effect of a Norwegian tuberculosis testing
and vaccination campaign on health and socioeconomic inequalities. This public campaign
implemented in 1948 drastically reduced the tuberculosis propagation. The children from a
low socioeconomic background benefited more from this campaign, leading to a reduction in
socioeconomic inequalities in adulthood.

Whatever the kind of campaign implemented, the information role is essential for vaccination



acceptance of the population. Chamoux (2006) evaluates the impact of influenza vaccination
campaigns for health professionals in France, combining both information (letters, prevention
meetings) and vaccination schedules (at work). This campaign had a strong impact : vaccina-
tion rates were 2.6 times greater than the previous year. Bruneau et al. (2001) implemented
an experiment to promote HB vaccination coverage in Montreal. Like France, Montreal has
implemented a universal vaccination program for all primary school students since 1994. How-
ever, the vaccination coverage against HB is low. The experiment consisted in encouraging
teachers to give informative lectures in classes on HB and to warn parents and students about
the dangers of the disease. As a result, 38% of the students had received at least one dose of
vaccine six months after the introduction of the campaign. The study shows that the main
reasons for non-vaccination were due to lack of information or no access to the vaccination site.

Finally, recent studies underline the effects of a controversy on the vaccination take-up.
Anderberg et al. (2011) study the MMR controversy in the UK (that there may be a link
between autism and getting vaccinated against MMR). They show that vaccination against
the MMR declined as soon as the controversy broke out, dropping by over 5 pp in 5 years,
before increasing again. Moreover, the uptake rate of the MMR vaccine declined faster in areas
where a larger share of parents is educated. In other words, more educated parents respond
more quickly to information. They also find spillover effects: a decline in the uptake of other
uncontroversial childhood vaccines. Chang (2018) studies the same MMR controversy in the US
and finds results in line with those of Anderberg et al. (2011). There was an immediate decline
in MMR vaccination rate, negative spillovers onto other vaccines and more educated individuals
responding more to the controversy (either by stopping vaccination for other diseases, or by
delaying it). However, unlike Anderberg et al. (2011), the author does not find any reaction
in vaccination behaviours once the potential correlation between MMR vaccination and autism
was refuted.

In this paper, we focus on individuals’ reactions to the 1994 HB vaccination campaign in
France. We observe a strong causal impact of the campaign on HB vaccination adhesion. We
also document potential spillover effects of the campaign onto other vaccines. However contrary
to the positive spillover effects always observed in literature, we find negative spillover effects
on another vaccine, the MMR. We also focus on several outcomes that may explain our results
and that, to our knowledge, have not yet been studied in the literature: parental understanding
of the campaign and parental beliefs about vaccines. Moreover, we investigate the mechanisms

which could drive our results. In the following section, we describe the HB vaccination campaign



implemented in France in 1994.

2 THE HB VACCINATION CAMPAIGN

The HB vaccine was created in France in 1976 by P. Maupas (see Figure A1l in the Appendix).
France was one of the first countries worldwide to deliver the HB vaccine, in 1981. One year
later, this vaccination was recommended for health professionals. In 1992, the World Health
Assembly of WHO ratified the proposal for universal vaccination against HB, regardless the level
of HB endemicity in the country. In countries like France where the endemicity is lower than
2%', WHO recommended the vaccination of all teenagers besides the vaccination of newborns.
The objective was to reach a 80% coverage of the population in order to eradicate the disease.

Therefore, in France, in July 1994, the Health Minister announced a massive and national
vaccination campaign to eradicate HB, which was implemented in two steps.

First, in June 1994, the French government subsidized and launched a major communica-
tion campaign, mainly directed towards young people, through TV and radio commercials, ad
inserts, billboards and the distribution of leaflets. A youth radio station, using a promotion
truck for HB vaccination, was present in the major French cities. This campaign advertised
the seriousness of the disease, the modes of transmission and the necessity to get preventive
vaccination in teenage years. Unfortunately, there was misinformation during this campaign.
In particular, the prevalence of the disease was overestimated and information about the modes
of transmission were incorrect, saliva being wrongly listed as one of them (Nauche, 2001). This
period also coincides with the explosion of the debates about AIDS. Given that the modes of
transmission are similar and that the target population is the same (drug users, teenagers),
there may have been some confusion among individuals, assimilation between the two diseases
and therefore an overestimation on the risk and danger of contracting HB2.

Second, from September 1994 onwards, a free vaccination campaign was launched jointly by
the Ministry of Health and the Ministry of Education for all pupils enrolled in middle and high
school (therefore aged 11 and above). This second part of the campaign had been announced
in June. Explanatory letters were first sent to parents, informing them about the health risks
incurred by their non-vaccinated children, and about the implementation of a free vaccination
campaign at their child’s middle or high school. Meetings at school were also organized by

school doctors and school nurses, to answer questions parents and pupils had. This was then

11t was estimated to be between 0.1% and 0.5% before the generalized vaccination coverage (Inserm, 1997)
2For example, one leaflet was entitled "Hepatitis B/AIDS: we’re fighting the same battle!".



an "opt-out" policy: parents had to justify their opposition to vaccination at school®. For those
who accepted to get their child vaccinated, the three injections of the vaccine were administrated
in all French middle and high schools between January and July 1995, for children aged 11 and
above (Brice, 1996). The injections were planned to be made at school but parents also had the
possibility to have it done independently, during a GP’s or pediatrician consultation. However,
there were financial incentives to have their children vaccinated at school: it was free at school,
but payable when the injection was done during the family doctor’s consultation. Only 65%
of the price of the vaccine, the injection and the doctor’s visit were reimbursed by the public
health insurance; the remaining 35% (co-payments) and potential supplements were covered
by parents or through private complementary health insurance. As a consequence, in 1995,
among pupils aged 11 and more and vaccinated against HB, only 21% had been vaccinated by
their family doctor, while 79% had been vaccinated at school (Brice, 1996). Finally, in January
1995, the HB vaccine was included in the vaccination schedule of children (see Figure Al in the
Appendix), but it was not mandatory.

However, soon after the launch of the campaign, the HB vaccine was held responsible for
causing multiple sclerosis, leading to a huge controversy regarding the effectiveness of the vac-
cine. The first French scientific article about central nervous system demyelination potentially
caused by HB was published in June 1995 (Kaplanski et al., 1995)%. Access to this informa-
tion was restricted to the scientific community but articles in the press, that broadcasted this
finding, were published from 1996 onwards®. Consequently, following the precautionary prin-
ciple, the vaccination campaign was interrupted in schools in September 1998; it lasted only 4

academic years.

3 EMPIRICAL STRATEGY: REGRESSION DISCONTINUITY IN
A SHARP DESIGN

In order to estimate the causal effect of the 1994 vaccination campaign on various outcomes,
we use a regression discontinuity approach in a sharp design. More precisely, our identifying
strategy exploits the sharp discontinuity in the probability of eligibility to the vaccination
campaign at the age of 11. Specifically, we use local linear regressions (Hahn et al., 2001;

Imbens and Lemieux, 2008). It amounts to selecting the observations within a bandwidth on

3Reasons for opposition to vaccination at school were usually: i) an opposition to vaccination in general; ii) the decision to make
the injection during a visit to the family doctor; iii) the child is already vaccinated.

4The very first scientific article was written by a Belgium team (Herroelen et al. (1991)).

5The first television news that mentionned the potential link between HB and multiple sclerosis was broadcast on the 13th of
December 1996 (source: National Audiovisual Institute).



either side of the cut-off (age 11) and estimating the effect of eligibility to the campaign on Y;
(several outcomes that will be described later), as the effect of the dummy 14,511 on Y; in the
following equation:

Y; =ag+ alﬂAizll + CLQf(Ai — 11) -+ u; (1)

A; is the age of the child in 1995 and a; identifies the causal effect of the 1994 vaccination
campaign on different outcomes. As the vaccination campaign was implemented in two steps,
a; measures the impact of both the communication campaign and the eligibility to the free
vaccination scheme, whose own effect cannot be distinguished. Indeed, one may think that
the communication campaign was nationwide and affected the whole population, without any
apparent difference between the treated and untreated households. However, we think that
households with children aged 11 and more may have paid more attention to this campaign,
because i) their children were directly targeted by the campaign; ii) the implementation of a
vaccination campaign at school had been announced since the beginning of the communication
campaign. Therefore, they may have been more interested by the campaign and may react
differently. As a consequence, we suppose that the impact of both steps of the campaign are
confounded in a;.°

In specification (1), f(A;—11) is a very flexible function of the distance to the cut-off (4;—11),
which is continuous at the age of 11. We estimate equation (1) using a local linear function of
age for f(A;—11). In that case, f(A;—11) is defined as (A; —11)1 4,517 and (A; —11)1 4,1;. We
also use a local linear spline function of age or a local quadratic function of age. The running
variable, the age of the eldest child A;, being discrete, we must assume that the function
f(A; — 11) is correctly specified to identify the effect of the treatment.We thus performed
Goodness-of-fit (GoF) tests, that are reported in all tables of results (Lee and Card, 2008;
Lemieux and Milligan, 2008). To choose the best specification, we rely on the AIC criterion
and choose the specification which returns the lowest AIC.

Regressions are performed using a bandwidth of 5 years around the reform: we restrict the
sample to children aged between 6 and 15 years old. Robustness checks, using larger or smaller
bandwidths are presented in the Appendix. As mentioned in Cattaneo et al. (2019), as our
running variable is discrete, a more formal procedure of window selection is no longer needed.

Finally, following Lee and Card (2008), standard errors are clustered by age of the child.

In order to estimate the causal effect of the campaign, the expectations of the potential

6Note that we do not estimate regression discontinuity in a fuzzy design (ie. the 2nd step that would estimate the impact of an
increase in HB vaccination rate on several other outcomes). We do not want to impose that changes in the outcomes only result
from a change in vaccination against HB.



outcomes conditional on A are to be continuous:
E(Y;x|A; = a) is continuous in @ = 11, for £k = 1,0. (2)

Because this hypothesis is not testable, we first checked that variables related to the outcomes
(eg. gender, age and level of education of the head of household, percentage of married couples,
size of the household, rural/urban location) are continuously distributed at the age of 11 (see
Figures A2 in the Appendix).

Second, a; and treatment status E;(a) (i.e. eligibility to the free vaccination campaign) are

assumed to be locally jointly independent of the age of the eldest child:
ay, E;(a) 1 A; close to A; = 11. (3)

This condition implies that children and their parents do not have perfect control on the age
at which children go to middle school: they cannot manipulate the age threshold in order to
benefit from the vaccination campaign. This is very likely to be the case. Indeed, teachers are
the most likely to have control on this (they ask children to repeat a grade or skip a year), even
if parents can oppose to it. Moreover, making children skip a year in order to benefit from the
campaign seems very implausible, even impossible in our case. And even if it was the case, the
vaccination campaign has been announced in June, when decisions to skip a year had already
been taken. We analyzed formally this possibility by testing the continuity in the number of
children of each age, as is usually done in regression discontinuity designs (McCrary, 2008). We
do not find evidence of manipulation: this variable is continuously distributed before and after

the age of 11 (see Figure A3 in the Appendix).

4 THE DATA

4.1 The 1995 Health Barometer

The regression discontinuity design is applied to data from the 1995 Health Barometer, a pe-
riodic national survey, representative of the French population and collected by the French
National Public Health Agency”. Data collection took place in November and December 1995,

approximately one year after the beginning of the vaccination campaign and before the polemic

"The survey was conducted by telephone. As a result, some individuals - such as the homeless, people without a hand-line, or
people in hospital - could not be included in the survey



about potential side effects of the HB vaccine®. For each household, the data set contains

information on parents and all children still living at home. In addition to the usual socio-
demographic characteristics (age, gender, profession, education of each member of the house-
hold, ...), the survey contains detailed information on health status, access to health care and
vaccination behavior (for different vaccines) of parents and their children.

The initial database contains 1993 households. We exclude households who are childless.
We end-up with a sample containing 764 households with 1370 children. For the econometric
analysis, we need to distinguish households exposed to the campaign from those who were not,
ie. treated and untreated parents/children.

For outcomes relating to parents’ vaccination rate or parents’ beliefs and understanding of
the campaign, ie. all outcomes defined at the parent level, we only keep one observation per
household, the one of the head of household (the parent who filled in the questionnaire). Given
the timing of the reform, a parent whose eldest child was 11 years old or more in 1995 is
defined as treated, while a parent whose eldest child was 10 and below is defined as untreated.”
The treatment groups are only defined according to the age of the eldest child in order to
avoid a parent with several children to be both treated and untreated!®. In this case, the
estimated effect would be unclear. This final sample is composed of 764 observations, with
386 treated parents and 378 untreated parents. For outcomes defined at the child level, and
relating to children vaccination rates, treated and untreated groups are defined at the child
level.'! Children aged 11 and more in 1995 are defined as treated, while those aged 10 and
below are defined as untreated. The sample is composed of 1,370 observations, with 518 treated

children and 852 untreated children.

4.2 Descriptive statistics

Table 1 provides descriptive statistics on the whole sample and for both the treated and un-
treated households.'? Tt first reports variables that relate to the head of the household (i.e. to
the one who filled in the questionnaire). The average age of the respondent is approximately
38. Unsurprisingly, parents whose eldest child is older than 11 (treated group) are significantly
older (approximately 4 years older) than parents whose eldest child is younger than 10 (un-

treated). However, our estimates are valid as soon as the age of the respondent is continuous at

80ur data were also collected before the polemic about the potential link between autism and MMR, that broke out in 1998.
More generally, to our knowledge, no polemic on vaccination had ever broken out.

9Note that the database does not contain the children age in months or the date of birth so we cannot be more precise in the
definition of treated and untreated households.

101t would be the case if some of the children are more than 11 while some others are less than 10 in 1995.

11We also test the sensitivity of our results to the use of a sample only composed of the eldest child.

12There are no variables characterizing the child, except their age and immunization status towards 2 diseases, MMR and HB.

10



Table 1: Comparison of treated and untreated groups, using a bandwidth of 5 years around the 11 years old
threshold

(1) (2) (3) (4)
Whole sample Untreated Treated  T-test
Mean Mean Mean b

Socio-demographic characteristics
Head of household:

Male 0.39 0.36 0.38 0.02
Age 37.40 35.97 40.63 4.66%*
Age at child birth 27.62 27.91 27.48 -0.43
French nationality 0.95 0.98 0.95 -0.03
No religion 0.24 0.25 0.24 -0.00
Do not practice religion 0.39 0.39 0.38 -0.02
Occasionally practice religion 0.30 0.29 0.29 0.00
Regularly practice religion 0.07 0.07 0.08 0.01
High school diploma and more 0.41 0.43 0.34 -0.08
Chronic diseases 0.22 0.18 0.25 0.07
Farmer 0.03 0.04 0.02 -0.02
Craftsman 0.03 0.02 0.04 0.02
Executive 0.13 0.09 0.12 0.03
Intermediate occupation 0.27 0.37 0.22 -0.16%**
Employee 0.17 0.15 0.22 0.08
Blue collar worker 0.34 0.31 0.35 0.04
Pensioner 0.01 0.00 0.02 0.02
Other profession 0.01 0.02 0.01 -0.02
Household:
Large cities (>>200,000 inhab.) 0.33 0.29 0.32 0.03
Small cities (2,000-200,000 inhab.) 0.37 0.35 0.37 0.02
Rural area 0.30 0.36 0.31 -0.06
Equivalised income>1,500€ 0.70 0.73 0.68 -0.06
Married 0.89 0.91 0.85 -0.06
Single 0.03 0.03 0.01 -0.02
Separated 0.08 0.06 0.14 0.07*
One child 0.44 0.27 0.35 0.08
Two children 0.39 0.50 0.40 -0.09
Three children 0.14 0.20 0.19 -0.01
Four children and more 0.03 0.02 0.05 0.02
Outcomes
HB vaccination:
Child HB vaccination 0.52 0.25 0.77 0.52%**
Parent HB vaccination 0.32 0.38 0.29 -0.09
Parent’s understanding of the campaign:
Vaccination for newborns 0.55 0.57 0.52 -0.05
Vaccination for middle school children 0.90 0.90 0.92 0.02
Vaccination for the whole population 0.82 0.84 0.79 -0.04
Correct knowledge about HB contamination 0.25 0.23 0.23 -0.00
HB is transmissi%le by saliva 0.40 0.32 0.45 0.13**
Don’t know how HB 1s transmitted 0.35 0.42 0.31 -0.11*
HB is a serious illness 0.78 0.74 0.80 0.06
MMR vaccination:
Child MMR vaccination 0.85 0.93 0.80 -0.13***
MMR is a begnin illness 0.35 0.31 0.36 0.06
Non vaccination against MMR is risky 0.66 0.69 0.64 -0.05
Number of obs. (parent/children) 764/1370 171/392 242/444

Note: ***Statistically significant at the 0.1% level; ** at the 1% level; * at the 5% level. The number of observations per variable
may vary according to the number of missing values. The number of non-missing observations used for each variable are presented in
tables A1 and A2 in the appendix. In the last line of the table, we report the highest possible number of parents/children observed in
each group (treated, untreated and the whole sample). Column (1) computes the mean for the entire sample. Figures in columns (2)
and (3) are computed using a bandwith of 5 years around the 11 years old threshold. Column (2) computes the mean for the sample
of untreated parents (for socio-demographic characteristics and outcomes relating to parents beliefs and vaccination behaviours)
or for the sample of untreated children (for children vaccination outcomes). Column (3) computes the mean for the sample of
treated parents (for socio-demographic characteristics and outcomes relating to parents beliefs and vaccination behaviours) or for
the sample of treated children (for children vaccination outcomes). Column (4) reports the coefficient and significance level of the
test for equal means.

Source: Health Barometer 1995.
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Table 2: Full definition of the outcomes

Outcome Question Answer Values
HB vaccination:
1. Child HB vaccination  Is your under-18 child vaccinated against Yes/No 1/0
HB?
2. Parent HB vaccination Are you vaccinated against HB 7 Yes/No 1/0
Parent’s understanding of the campaign:
3. HB wvaccination for Do you think newborns should be vacci- Yes/No 1/0
newborns nated against HB?
4.  HB vaccination for Do you think middle school pupils should Yes/No 1/0
middle school pupils be vaccinated against HB?
5. HB vaccination for the Do you think the whole population Yes/No 1/0
whole population should be vaccinated against HB?
6. Correct knowledge How do you get HB? Sexual relations 1
about HB contamination Blood
Saliva
Sweat 0
Do not know
7. Saliva Is HB transmissible by saliva ? Yes/No 1/0
8. Don’t know Do you know how HB is transmissible ? No/Yes 1/0
9. HB is a serious illness  Is HB a serious illness? Yes/No 1/0
MMR vaccination:
10. MMR child vaccina- Have you ever vaccinated your 1-16 years Yes/No 1/0
tion old child against MMR?
11. MMR is a benign ill- Do you think MMR is a benign illness? Yes/No 1/0
ness
12. Non MMR vaccina- Not vaccinating your child against MMR Yes/No 1/0

tion is risky

is risky
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the 11 years old threshold. This is the case, as shown in Figure A2b in the Appendix. Moreover,
age at birth of the child is not significantly different between treated and non treated groups.
Approximately 40% of the respondents are men; this proportion is the same on both sides of the
discontinuity threshold.'® Approximately 95% of the respondents hold the French nationality
and this proportion is also the same on both sides of the discontinuity threshold. The remaining
socio-demographic characteristics of the respondents (chronic disease, education, religion) do
not significantly differ between the treated and untreated groups. Note however that one vari-
able significantly differs between both groups: the proportion of respondents belonging to the
intermediate occupation category. This proportion is significantly lower in the treated group
(22% versus 37%). We will discuss later the potential impact of this difference on our results.

For variables that relate to the entire household (such as the marital status, the location
and the number of children), we do not observe any significant difference between treated and
untreated groups. This is confirmed by Figure A2 in the Appendix.

The second part of Table 1 provides some statistics on the outcomes that will be used in
the analysis, both at the child’s level or at their parent’s level (see Table 2 for the description
of these outcomes). Table 1 shows that treated children are 52 percentage points more likely
to be vaccinated against HB than untreated children. They are also 13 percentage points less
likely to be vaccinated against MMR. Treated parents are more likely to list saliva as a mode
of transmission (+13 pp) and less likely to be aware of the transmission modes (-11 pp). For
the other outcomes, such as parental HB vaccination, listing the correct modes of transmission,
beliefs that newborns, middle-school children and the whole population should be vaccinated
against HB, or beliefs that not being vaccinated against MMR is risky, HB is a serious disease
and MMR is benign, no significant difference is observed between the treated and untreated

parents.

4.3 Graphical evidence

Before presenting the results of the econometric analysis, we provide some graphical evidence
on the impact of the eligibility to the vaccination campaign against HB. We first observe a
huge impact of the campaign on the probability to be vaccinated against HB. Indeed, Figure 1a
(resp. Figure 1b) show the HB vaccination rate according to the age of the child (resp. the age
of the eldest child of the household). They show a large discontinuity at the age of 11 in 1995.

About 70% of children aged 11 or more were vaccinated against HB, while this proportion is

13This proportion is much smaller than the proportion of men in the whole population. This could bias our results if mothers
are more aware than fathers of their child’s vaccinations. However our estimates are valid as soon as there is continuity in the
proportion of mothers around the discontinuity threshold, which is the case (60% - see Figure A2a in the Appendix).

13



only 30% for pupils aged below 10. The vaccination campaign targeted children in middle and
high school. This discontinuity at the age of 11 is consistent with figures of the starting age
in middle school: 97% of children are 11 or more when starting middle school (65% are 11
years old, 24% are 12 and 8% are 13). Only 3% are under 10 (Brice, 1996). This explains the
discontinuity at age 11 and over. The campaign targeted pupils starting middle school but also
all pupils in middle and high school who had never been vaccinated. This explains why the
rate of HB vaccination remains high until the age of 17. This illustrates a better immunization

coverage against hepatitis B thanks to the campaign.
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Figure 1: HB vaccination

The proportion of individuals who believe that newborns and the whole population should
be vaccinated against HB decreases at the 11 year-old threshold (see Figures 2a and 2c). In
addition, parents of treated pupils report a poorer knowledge of HB transmission modes (see
Figure 2d and Figures Aba, A5b in Appendix).

Finally, Figure 3a (resp. 3b) shows the MMR vaccination rate according to the age of the
child (resp. the age of the eldest child of the household). Again, there is a discontinuity around
the threshold. Below 11 year-old, approximately 90% of children are vaccinated against MMR;
this is the case of only 80% of children aged 11 and more. This figure illustrates a possible
negative spillover effect of the vaccination campaign against HB on MMR vaccination. Parents
may have changed their attitude towards MMR, vaccination. They are also less likely to believe
that not being vaccinated for MMR is risky (64% against 69% - see Figure A6b in Appendix).

In order to evaluate the causal impact of the HB vaccination campaign on these outcomes,

results of the econometric analysis are presented in the next section.

14



1

8

-
2 3
g g
8 g
b1 o
g a
> >
o
S 2
@
k| L4 . ° 3
”m’.\‘\_//‘ L ERR
2 z©
E E
2
e H
5 [
3 [ ° i4 s
o< 4 ° < A
o Y
5 2
2 g
H 5
5N RN
) ]
5 s
g
5 2
5o 4
So go
5
3

4 5 6 7 8 9 10 11 12 13 14 15 16 17 4 7 8 9 10 11 12 13 14 15 16 17
Age Age
Fitted values below 11 Sixth grade children must be HB vaccinated Fitted values below 11

Fitted values above 11

Fitted values above 11

‘ L] New-born babies must be HB vaccinated

(a) Vaccination for newborns, by age of the el-
dest child

(b) Vaccination for middle school pupils, by age
of the eldest child

1

w.f../.”o’/—".

2
|

0
|

Percentage: All the population must be HB vaccinated

el

4 5 6 7 8 9 1b 11 12 13 14 15

Age

®  Allthe population must be HB vaccinated

Fitted values above 11

Fitted values below 11

(c) Vaccination for the whole population, by age

of the eldest child

1
|

8
|

6
|

2
|

0
|

8
|

6
|

2
|

Percentage who think that HB is transmissible by saliva
4
)
D
.
°

0
I

. Saliva
Fitted values above 11

Fitted values below 11

(d) Believe that HB is transmissible by saliva

Percentage of individuals considering HB disease as serious
4
.

° MMR is a serious disease
Fitted values above 11

Fitted values below 11

(e) HB is a serious illness, by age of the eldest child

Figure 2: Parent’s understanding of the campaign (Sample: eldest child of the household; N=764)

15



1
|
1
|

8
L
&
Percentage of MMR vaccination

2
|

'?

.6
L
6
|

4
I

Percentage of MMR vaccination
4
L

2
.

4 5 6 7 8 9 10 11 12 13 14 15 4 5 6 7 8 9 10 11 12 13 14 15
Age Age
o MMR Vaccination Fitted values below 11 ° MMR vaccination Fitted values below 11
Fitted values above 11 Fitted values above 11
(a) Child MMR vaccination, by age of the child (Sam- (b) Child MMR vaccination, by age of the eldest child
ple: all children; N=1370) (Sample: eldest child of the household; N=764)

Note: There is no information on MMR vaccination for children aged 16 and 17 in the survey (see Table 2).

Figure 3: MMR vaccination

5 RESULTS

5.1 Main results

In our regressions, we consider several outcomes divided into three categories. First, outcomes
that concern HB vaccination behaviors. They include both HB vaccination for the children
and parent’s. Second, outcomes that show parent’s understanding of the 1994 campaign, i.e.
their knowledge about the target population for HB vaccination (HB vaccination is necessary
for the newborns, for middle school pupils or for the whole population), their knowledge of
HB transmission modes (listing of the correct modes of transmission, listing saliva as one of
them, having no idea about the modes of transmission), and their belief that HB is a serious
illness. Thirdly, outcomes that describe MMR vaccination. They include MMR vaccination of
the child, parent’s belief that MMR is a begnin illness, and that non vaccination against MMR
is risky.

Tables 3, 4 and 5 show the results of the estimates of equation (1), using a linear function of
age (upper part of the tables) or a linear spline function of age (bottom part of the tables) and
a bandwidth of 5 years around the age of 11, ie. estimates are performed for children aged 6 to
15 years old'*. P-values of the Goodness of fit test that the trends are correctly specified are
reported. Estimates in bold are those obtained using the best trend specification, according to

the AIC criteria; these are the results that we comment in the text.

14Full tables of results, that use different bandwidths, different local functions of age and include, or not, control variables, are
presented in tables A13 to Al4 in the Appendix.
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5.2 Impact of the campaign on attitudes regarding HB vaccination

We find a strong impact of the vaccination campaign on HB vaccination (see Table 3). This
result is obtained on the sample of all children (column 1) and on the sample containing only
observations on the eldest child (column 2). There is a strong increase in the immunization
coverage due to the vaccination campaign: while 23% (resp. 25% on the restricted sample) of
children below 11 are HB vaccinated, this probability significantly increases by 42 percentage
points for children above 11, concerned by the school vaccination scheme. While the campaign
was effective in increasing vaccination rates, it can be noted that it is still below the immuniza-
tion rate of the population targeted by the campaign: 65% (resp. 67%) of children above 11
are now vaccinated against HB, while the government had planned a 80% vaccination rate'.

This result is robust whatever the specification (local linear, local linear spline, local quadratic),
the bandwidth used, and the use of control variables (see Tables A13 to A18 in the Appendix).
We find no impact of the distance to the threshold on the probability of being HB vaccinated:
the coefficients of the trends before and after the age of 11 are never significant, meaning
that there is no difference in the vaccination rate per age, to the left or to the right of the
discontinuity (see Tables A13 and A15 in Appendix for example).

The vaccination campaign did not have any impact on parental HB vaccination. Thus, the
HB vaccination campaign didn’t have any positive spillover effect across ages. Parents whose
eldest child is older than 11 are no more vaccinated against HB than the other parents (see

Table 3).

5.3 Parent’s understanding of the campaign

We also observe a decrease in the knowledge about the HB transmission modes for treated
households (see Table 4), i.e. those with a child older than 11 (-21 pp). This means that they
listed wrong modes of transmission more often than parents with younger children!®. More
precisely, they more often listed saliva as a mode of transmission than untreated households (+5
pp). These results can arise from the disclosure of contradictory or erroneous information during
the communication campaign. The Prime Minister claimed that HB could be transmitted
through saliva, and this information was widely spread by the medias. This was then refuted
by some scientists but there were lots of contradictory debates during this period. Parents

belonging to treated households could have paid more attention to the debates and may have

150.65=0.23+0.42 (resp. 0.67 = 0.254-0.42), see Table 3).
16Recall that this variable equal 1 if and only if the parent listed blood and sexual relations as modes of transmission, but 0 if
the parent adds saliva to this list or if he lists only 1 out of the 2 modes of transmission.
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been more confused than other parents by this contradictory information. What is striking is
the very high percentage of parents who ignore the transmission modes: 42%. The effectiveness
of the reform in informing the whole population should thus be questioned.

Table 4 also shows that there is no difference in the belief that HB is serious around the
age threshold: about 74% of the parents think this is the case. The communication campaign
of June 1994 therefore affected both treated and untreated parents identically by providing
information that was understood in the same way by all parents. It also means that the
additional campaign implemented at school and that specifically affected treated parents did
not have any impact on their beliefs about the seriousness of the disease.

Finally, Table 4 shows that there is a non-significant impact of the campaign on the proba-
bility to believe that middle school pupils should be HB vaccinated. This means that the whole
population, whatever their children’s ages, was aware that the campaign was first directed at
middle-school children. But parents of middle-school children may have focused their attention
too much on the necessity of teenage vaccination. Indeed, we observe a negative impact of the
vaccination campaign on the probability to believe that the newborns and the whole population
should be HB vaccinated.!'” However, following the WHO recommendations, the campaign also
aimed at promoting vaccination for the newborns, in order to reach a coverage of the whole
population a few decades later.'® The fact that individuals with children aged 11 and older are
less likely than individuals with younger children to believe that newborns and the whole pop-
ulation should be vaccinated means that they probably assimilated an incomplete information.
The additional information given to them at school, which targeted the teenagers only, could

have made them misinterpret the first information campaign (of June 1994).

5.4 Impact of the campaign on MMR vaccination

Our more striking and unexpected result can be found in Table 5. While the literature usually
finds positive effects of a vaccination campaign onto other vaccines, we find a negative spillover
effect on MMR, another child vaccine. This result confirms the graphical evidence of Figure 3b
and suggest a direct effect of the HB vaccination campaign on MMR vaccination (-15 pp for the
sample composed of all children; -13 pp for the sample composed of the eldest child only) for
a bandwidth of 5 years around the age threshold (see Table 5). This result is robust whatever

the specification (local linear, local linear spline, local quadratic), the bandwidth used, and the

170ne cannot rule out the fact that parents of children aged more than 11 may think that newborns do not need to be vaccinated
against HB because they will be vaccinated later as teenagers.

18 As mentioned in Section 4, the HB vaccine was included in the French vaccination schedule of newborns and children in January
1995.
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use of control variables (see Table A27 in the Appendix).

How can we interpret this negative effect? Figure A7 in the Appendix can help explaining it.
At that time, MMR vaccination was not mandatory: it was only included in the recommended
immunization schedule (see Figure A1l in the Appendix). The MMR vaccination is usually
considered as an infantile vaccination: the first injection of the MMR vaccine has to be admin-
istered at the age of 1 and the second one between 16 and 18 months. However, in practice,
the injection can be given at any age between 0 and 16 (as well as during adulthood for all
individuals previously not vaccinated). Some data show that for children born before 1990, only
40% of them had already been vaccinated at the age of 4 (INVS, Institut de Veille Sanitaire,
2003). It means that, at that time, vaccination against MMR is both an infantile and a teenager
vaccination. There has been a continuous evolution of the vaccination coverage against measles,
across birth cohorts (see Figure A7): those born in 1984 (treated) are 60% to be vaccinated at
the age of 6, while 80% of those born in 1987 (untreated) are vaccinated at 6 years old. There
is therefore a catch-up over time; however there is no discontinuity in this catch-up.'® Due to
the hepatitis B campaign, this catch-up stopped for the teenagers who were vaccinated against
hepatitis B in 1995, explaining the 13 pp difference in vaccination rates against MMR between
treated and untreated children.

Table 3 shows that the negative impact of the campaign on MMR vaccination rates is fully
consistent with the fact that treated individuals are less likely to believe that it is risky not
to vaccinate their child against MMR (between -13 and -16 pp). They are also more likely to
report that MMR is benign (420 to +27 pp).

Section 5.6 aims at explaining potential mechanisms that drive the negative spillover of the
HB campaign on MMR vaccination. But, before that, the next section checks the robustness
of our results.

Note that these estimates are obtained without the use of control variables, because i) there
is continuity of the characteristics around the threshold so that their inclusion should not have
any effect on the estimates; and ii) some control variables have missing values, which would
reduce the size of the sample used for the estimates. However, given control variables are
hardly ever significant, very similar results are obtained when these variables are added.?’ In
Table 1, we observed that our treated and untreated groups differ significantly in terms of

distribution per one occupation: the percentage of household whose head has an "intermediate

9This catch-up is due to the entry in the immunization schedule of the MMR. (1986).

20Control variables used for the estimates are the following: respondent’s gender, age, level of education, profession, marital
status and number of children. The others were excluded as they were never significant. Results can be found in Tables A13 to A18
in the Appendix, for the vaccination against HB outcome.
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Table 3: RD estimates using a bandwidth of 5 years around the threshold of 11 years old — Attitudes about HB
vaccination

ATl children HB vaccination Eldest child HB vaccination Parent HB vaccination

(1) 2 (3)
Local Linear
Ta,>11 0.42%** 0.42%** -0.00
se (0.037) (0.081) (0.078)
AIC 843.62 464.26 545.05
pv GoF' 0.99 0.93 0.99
Local Linear Spline

Ta,>11 0.45%** 0.49%** 0.08
se (0.043 (0.091) (0.057)
AIC 844.8 464.638 545.80
pv GoF' 0.86 0.62 0.99
N 743 406 409
Untreated Mean 0.23 0.25 0.38

Note: Standard errors in parentheses, clustered by age of the child. ***Statistically significant at the 1% level; **Statistically
significant at the 5% level; *Statistically significant at the 10% level. Results obtained for children aged between 6 and 15 years old.
For local linear estimates, we control for linear trends of age, continuous at the age of 11: (A; — 11)1Ai>11 and (A; — 1)1 4, <11-
For local linear splines estimates, we control for LS1 = T 4,>11[(A; — 11)((A; — 11) < 3) + 3((A; — 11) > 3)]; LS2 = ((A; — 11) >
0)(A; — 11 — 3); LS3 = 14,<11[(A; — 11)(A; — 11 > —3) — 3((4; — 11) < —3)]; LS4 = ((4; — 11) < —3)(A; — 11 + 3);
AIC = N1n (62) + 2p. Results in bold are those with the best trend specification, according to the AIC criteria. pv GOF gives the
p-value of the Goodness of Fit test that the trends are correctly specified (Lee and Card, 2008).

Source: Health Barometer 1995. Sample restricted to the eldest child of the household in columns 2 and 3.

Table 4: RD estimates using a bandwith of 5 years around the threshold of 11 years old — Parent’s understanding
of the campaign

HB contamination Seriousness of the The target population is...
knowledge disease
Correct Saliva Don’t HB is Newborns  Middle school = The whole
Answers know serious pupils population

)] (2) (3) 4 (5) (6) (™
Local Linear

Ta,>11 -0.15%** 0.05%* 0.03 0.02 -0.28%** -0.022 -0.16***
s.e. (0.040)  (0.03)  (0.11) (0.05 (0.05) (0.03) (0.02)
AIC 464.02 578.65 563.18 447.1 527.79 118.99 386.32
pv GoF 0.99 0.99 0.98 0.99 0.98 0.98 0.99
Local Linear Spline

Ta,>11 -0.21%** () Q9¥** 0.14 -0.04 -0.32%%* 0.05 -0.13%%*
s.e. (0.016) (0.01) (0.09) (0.05) (0.08) (0.03) (0.02)
AlIC 462.23 579.07 563.25 448.53 529.54 118.65 387.77
pv GoF 0.99 0.99 0.95 0.93 0.82 0.84 0.98
N 413 413 413 411 367 402 402
Untreated Mean 0.23 0.32 0.42 0.74 0.57 0.90 0.84

Note: Standard errors in parentheses, clustered by age of the child. ***Statistically significant at the 1% level; **Statistically
significant at the 5% level; *Statistically significant at the 10% level. Results obtained for children aged between 6 and 15 years old.
For local linear estimates, we