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Introduction: Since the late 2000s, several major mea-
sles epidemics have occurred in Europe, including
France. In 2017, the French Health Ministry extended
from three to 11 the number of mandatory childhood
vaccines required for preschool and primary school
admission; these included the vaccine against mea-
sles, mumps and rubella (MMR). Aim: Our aim was to
assess if this measure helped to improve MMR vac-
cine timeliness (VT) or reduce socioeconomic inequali-
ties in MMR vaccine coverage. Methods: A nationwide
study of three birth cohorts (2015, 2017, 2019) fol-
lowed up 2.1 million children for 48 months to assess
the course of the timeliness of MMR vaccine dispensa-
tion, before and after it became mandatory in France
(January 2018). Data came from the French national
health insurance fund drug reimbursement database.

Results: Despite improvements from 2015 to 2019,
pharmacies dispensed MMR vaccines late for 33% of
children in the 2019 cohort (mean cumulative delay
compared with recommended dates: 7.1 months).
Vaccines for children from low-income families were
dispensed later (mean delay of at least+1 month) than
those from higher-income families. The 2019 cohort
did not reach the 95% WHO target of two MMR doses
at 24 months of age, nor at 48 months. Discussion:
With measles intensifying worldwide, these vacci-
nation delays and inequalities may contribute to the
resurgence of epidemics. In addition to vaccination
mandates, an ambitious public health policy is needed
to reduce inequalities in access to vaccination and to
improve parents’ vaccine acceptance through educa-
tional strategies.
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Introduction

A major measles epidemic in Europe between 2008
and 2012 resulted in more than 23,000 cases in France
— more than half the European total [1]. In 2013, the
French Health Ministry modified its measles vaccina-
tion recommendations. It set a target level for vaccina-
tion coverage (VC) at age 24 months of at least 95%
for the first dose and at least 80% for the second, with
the recommended date of the first dose at 12 months
and the second at 16—18 months, consistent with the
World Health Organization‘s (WHO) recommendations
[2]. Since vaccine acceptance in France was low among
40% of parents of young children [3], the Ministry
launched in 2016 a broad consultation of the general
public and healthcare professionals (HCPs) on how to
improve childhood vaccination coverage [4]. It then
extended the number of mandatory childhood vac-
cines required for admission to preschools and primary
schools from three (diphtheria-tetanus-polio) to 11,
including measles—mumps-rubella (MMR) [5], to help
France reach the WHO’s goal: 95% coverage for the vac-
cines recommended in each country. The law, enacted
on 27 October 2017, took effect on 1 January 2018.

In terms of recommended timing, besides the epidemio-
logical reasons [2], the French MMR vaccination sched-
ule (especially the second dose at 16—18 months) was
adopted because of the high proportions of 2-year-olds
(40% [6]) and 3-year-olds (= 97%by 2021 [7]) in pre-
schools. Several European neighbouring countries, e.g.
Germany, Monaco, and Switzerland, have an MMR vac-
cination schedule similar to that of France; others vary,
with a second dose recommended much later (e.g. age
of 5—6 years in Italy, 3 years in the United Kingdom) [8].
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KEY PUBLIC HEALTH MESSAGE

What did you want to address in this study and why?

In the context of major measles epidemics and suboptimal vaccine take-up, the French Health Ministry
extended in 2017 the number of mandatory childhood vaccines from three to 11. We assessed if these
mandates helped to improve the time between the recommended vaccination date and the actual vaccination
for the measles—mumps-rubella (MMR) vaccine and reduce socioeconomic inequalities in this vaccination
timeliness.

What have we learnt from this study?

Despite improvements in timeliness after the implementation of the mandates, vaccination delays are still
substantial: a third of the children born in 2019 did not have their MMR vaccine dispensed on time (average
delay of 7 months, or 8 months among those in a situation of socioeconomic deprivation), and the World
Health Organisation’s target of 95% vaccination coverage for the MMR vaccine was still not reached 24
months after birth.

What are the implications of your findings for public health?

Long vaccination delays contribute to the resurgence of epidemics, and this risk is particularly relevant
among socio-economically disadvantaged populations, who face multiple barriers in the access to care
and prevention. In conjunction with vaccination mandates and strategies to increase parents’ vaccine
acceptance, public health policies to improve equity in immunisation are essential to reduce the risks of

new measles epidemics.

RV

Assessments of the impact of these new mandates
indicate that VC rates have improved for several child-
hood vaccines, including MMR [5,9]. Two important
questions about their effects nonetheless remain.
The first is whether or not they have improved vaccine
timeliness (VT) (i.e. adherence to the officially recom-
mended dates [10]) and achieved the 95% coverage
target for both MMR doses before 24 months of age.
Timeliness is essential because late vaccination facili-
tates virus circulation [10,11], particularly of highly
contagious viruses such as measles. The second ques-
tion is if inequalities in childhood VC and VT by family
socioeconomic status have diminished. These persist
in high-income countries [12] and even worsened in
some places during the COVID-19 pandemic [13]. Equity
in immunisation is one of the main strategic pillars of
the WHO 2030 Immunization Agenda.

This article aims to provide answers to these two ques-
tions for measles vaccination among children covered
by the French national health insurance fund (NHIF)
with information from its drug reimbursement data-
base. Because this database cannot reliably track
some underserved communities and minorities (e.g.
irregular migrants, individuals without housing), this
article cannot cover those.

Methods

Population

We constructed three birth cohorts and followed them
up from birth to age 48 months: one cohort well before
the mandates’ implementation (2015), one shortly

before (2017) and one afterwards (2019). In France,
vaccinations for 9o0% of children are prescribed by
general practitioners or paediatricians; community
pharmacists then dispense the vaccine to a parent,
simultaneously recording this delivery in the NHIF data
system (NHDS). However, mother—child protection cen-
tres (MCPCs) keep vaccines in stock and administer
them, vaccinating less than 10% of all children free of
charge. The NHDS does not record this vaccine deliv-
ery. We excluded children potentially vaccinated at
MCPCs from our analyses by the application of a previ-
ously published methodology [5,9]. Further details on
this methodology are appended in Supplement 1.

Data collection

The NHDS data extraction took place in March 2024.
To estimate VC and VT, we retrieved the dates (month,
year) when pharmacies dispensed the MMR vaccine.
We also retrieved an individual-level poverty indica-
tor, the only one available in the NHDS: coverage of
children’s families by NHIF-subsidised social health
insurance (SSHI: yes/no), which provides low-income
families (i.e. those below the poverty line) with free
access to healthcare based on financial criteria; it is
a reliable indicator of low-income people in France. In
2019, the annual income level below which a three-
person household could receive SSHI was EUR 16,112
[14]. In addition, we used the French deprivation index,
an ecological index measuring the average depriva-
tion level of families by municipality of residence, for
each child [15]. It is built from the median wage and
the following proportions: secondary school graduates
among the population older than 15 years, blue-collar
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TABLE 1

Measles—-mumps-rubella vaccination coverage?, percentage of children vaccinated late and mean delays at age 48 months, in

each birth cohort, France (n = 2,108,620)

Cohort birth year®

VEUELDL]E Denominator 2015 2017 2019
n=725,079 n=704,768 n=678,773
Proportion in %
First MMR vaccine dispensed All children 94.61 95.09 96.41
Latec first dose Children with at least one dose dispensed 31.72 28.62 24.85
Second MMR vaccine dispensed All children 83.80 84.86 87.13
Late second dose Children with both doses dispensed 33.37 26.16 20.37
Mean delay? in months
First MMR dose Children with at lez;isrtstt)réis:se dispensed, late 5.9 5.3 5.2
Second MMR dose Children with at least one dose dispensed, late 6.2 5.6 5.4
second dose
Cumulatives doses Children with at least one dose dispensed, late first 8.2 73 74
and/or second doses

MMR: measles—mumps-rubella.

2 The date when pharmacies dispensed the MMR vaccines served as proxy for the injection date to estimate vaccination coverage rates.

® This study included only infants born in 2015, 2017 and 2019, who were alive 4 years after birth and who had a diphtheria, tetanus and
pertussis vaccine dispensed at least once (before 2018) or a pentavalent or standard hexavalent childhood vaccination dispensed at least
once (2018 onwards) by their first birthday: this condition was applied to exclude children vaccinated in mother—child protection centres [s].

¢ MMR vaccine doses were considered dispensed late from month 14 for the first dose and month 20 for the second dose onward.
See Supplement 2 for the handling of specific cases, such as a first dose dispensed after the mandatory date for the second.

4 Children without an MMR vaccine dispensed by age 48 months were excluded from the delay calculation.
¢ Mean cumulative delay includes children whose first and/or second MMR dose was dispensed late.

Data source: National health data system, March 2024.

workers in the labour market, and unemployed work-
ers. Finally, we collected the number of medical con-
sultations for each child during the study period (proxy
indicator of their health status) and the size of the fam-
ily’s municipality of residence (to distinguish rural from
urban areas).

Measles-mumps-rubella vaccination coverage
and delay estimations

We defined VC, for each MMR dose and each cohort, as
the proportion of children in the cohort for whom this
vaccine was dispensed (i.e. purchased) over a given
period.

We used the vaccine dispensing date as a proxy for the
injection date because the latteris not always recorded
in the NHDS. Because the anonymised database con-
tains only the month and year of birth, MMR vaccine
doses were considered late if they were delayed more
than 2 months past the recommended dates (from
month 14 for the first dose and month 20 for the sec-
ond, see Supplement 2 for more details on delay
estimations). Children who had not received any MMR
dose by age 48 months were excluded from the VT
descriptive statistics.

Statistical analyses

We described the course of MMR VC over time from
the age of 6 months, the percentage of children late
for their vaccinations and the corresponding average
delays (in months) for each of the three birth cohorts
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and for each (first and second) MMR dose — all before
and after stratification for the poverty indicator (SSHI).
To analyse the effects of socioeconomic deprivation (at
the individual and municipality levels) on vaccination
delays by birth cohort, we implemented two log-normal
accelerated failure time (AFT) models among children
vaccinated late for each MMR dose. This approach
allowed us to model children’s vaccination as a func-
tion of time, estimate the association between the
moment of vaccination and several explanatory varia-
bles, and take unvaccinated children (right-censoring)
into account in the estimates [16]. We controlled for
birth cohort, sex, number of medical consultations for
each child over the study period, size of the family’s
municipality of residence and, only for modelling the
second dose, the length of the first dose’s delay (in
number of months; a timely first dose had a value of o).

Sensitivity analyses

To assess the impact of excluding children potentially
vaccinated in MCPCs from our analyses, we included
them in the 2019 cohort, imputing to them high MMR
VC rates (98% for dose 1, and 95% for dose 2) and
shorter delays (half the late vaccination rate and aver-
age delays in the main analysis) assuming that these
families might have had better access to MCPCs than
to general practitioners and paediatricians.

All analyses were performed with R 4.1.2.
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FIGURE 1

Dynamics of trends in measles—-mumps-rubella
vaccine coverage®, among three birth cohorts®, France
(n = 2,108,620)
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MMR: measles—-mumps-rubella.

2 The date when pharmacies dispensed the MMR vaccines served
as proxy for the injection date to estimate vaccination coverage
rates.

® This study included only children born in 2015, 2017 and 2019,
alive 4 years after birth and who had had a diphtheria, tetanus
and pertussis vaccine dispensed at least once (before 2018)
or a pentavalent or standard hexavalent childhood vaccination
dispensed at least once (2018 onwards) by their first birthday:
this condition was applied to exclude children vaccinated in
mother—child protection centres [5]. Final numbers of children in
the birth cohorts, after these exclusions: n (2015)=725,079; n
(2017)=704,768; n (2019)=678,773.

Data source: National health data system, March 2024.

Results

Overall, 725,079 of 830,585 (87.3%) children were
included in the 2015 birth cohort, 704,768 of 788,769
(89.4%) in the 2017 cohort, and 678,773 of 751,066
(90.4%) for 2019. The percentage of children excluded
from the analyses because potentially vaccinated in
MCPCs was higher among low-income than higher-
income families. Supplementary Table Si1 provides
more details on numbers of children excluded, by SSHI
status.

At 48 months of age, VC for MMR dose 1 rose from
94.6% in the 2015 cohort to 96.4% in the 2019 cohort,
and VC for full vaccination (two doses) increased from
83.8% to 87.1% (Table 1); the proportion of children
receiving only one dose decreased from 10.8% to
9.3%. The 2017 cohort, although not subject to the new
law, had a slightly higher full MMR VC than the 2015
cohort. In the 2019 cohort, VC for MMR dose 2 at age
24 months — 79.4% — did not reach the 95% target
(Figure 1).

Measles-mumps-rubella vaccination coverage
dynamics between the three birth cohorts

The improvement in the dynamics by which vaccines
were dispensed between the 2015 and 2019 cohorts
shows a reduction in average time to vaccination, more
marked for dose 2 than dose 1 (Figure 1). The propor-
tion of children whose first MMR dose was dispensed
late decreased from 31.7% in the 2015 cohort to 24.9%
in the 2019 cohort, and for the second MMR dose, from
33.4% to 20.4% respectively. The cumulative delay
(estimated among those late for one or two doses
(45.4% for 2015 and 32.5% for 2019) fell correspond-
ingly from 8.2 to 7.1 months at age 48 months (Table 1).
In Supplementary Table S4, we append the details of
sensitivity analyses for the threshold to define a vac-
cination delay; these indicated that a 2-month delay
underestimated percentages of children with untimely
MMR vaccination.

Differences between children from different
socioeconomic backgrounds

The dynamics of MMR vaccination differed between
children from families below vs above the poverty
line (the annual income level below which a house-
hold could receive SSHI) with MMR vaccine dispensed
later and at lower rates among the low-income families
(below the poverty line), for both doses (Figure 2). In
the 2015 cohort, the proportion of children from low-
income families late for the first MMR dose at age 48
months was+9.8 percentage points (ppts) higher than
for more affluent children, while this difference rose
to+14.9 ppts in the 2019 cohort (Table 2). Second-
dose VC at age 24 months among the 2019 cohort
reached 67.1% for children from low-income families,
vs 83.8% for the others; at age 48 months, these fig-
ures were respectively 78.9% and 90.1%. By age 48
months, among vaccinated children to whom both
doses were dispensed, the mean cumulative delay
was longest among the children from low-income fami-
lies: 9.2 months in the 2015 cohort (vs 7.8 months for
those above the poverty line, Table 2), and 8.3 months
in the 2019 cohort (vs 6.4 months). Across the three
cohorts, the cumulative delay of dispensing for both
doses fell more slowly in the low- than in the higher-
income group. Consequently, the gap at age 48 months
between the 2015 and 2019 cohorts widened by half a
month (Table 2).

Additional  sensitivity analyses are provided
in Supplementary Table S3; these showed that includ-
ing children vaccinated in MCPCs in our analyses had a
limited impact on overall VC, even for our most optimis-
tic assumptions for vaccination in MCPCs: VC rose from
96.4% to 96.6% at age 48 months for the first dose
and from 87.1% to 87.9% for the second. Differences
were slightly higher — though limited — among chil-
dren from low-income families, with VC increasing from
93.4% t0 94.1% for dose 1, and from 78.9% to 81.3%
for dose 2. Differences in vaccination delays were also
small, with reductions after imputation not exceeding
0.3 months.
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FIGURE 2

Dynamics of trends in measles—-mumps-rubella
vaccination coverage?, above and below the poverty line®,
among three birth cohorts®, France (n = 2,108,620)
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MMR: measles—-mumps-rubella.

2The date when pharmacies dispensed the MMR vaccines served
as proxy for the injection date to estimate vaccination coverage
rates.

® Families were defined as below the poverty line if they were
covered by subsidised social health insurance at any time during
the study follow-up. Percentage of recipients in 2015: 23.7%;
2017: 24.6%; 2019: 26.3%.

¢ This study included only children born in 2015, 2017 and 2019,
who were alive 4 years after birth and who had a diphtheria,
tetanus and pertussis vaccine dispensed at least once (before
2018) or a pentavalent or standard hexavalent childhood
vaccination dispensed at least once (2018 onwards) by their
first birthday: this condition was applied to exclude children
vaccinated in mother—child protection centres [5]. Final numbers
of children in the birth cohorts, after these exclusions: n
(2015)=725,079; n (2017)=704,768; n (2019) =678,773.

Data source: National health data system, March 2024.

Finally, the AFT model for children vaccinated late
(Table 3) found that time until dispensing of the first
MMR dose was 52% longer among children from low-
income families than among the others (33% for dose
2), all else being equal. Moreover, delays for dose 1
increased by 3% (2% for dose 2) for each unit incre-
ment of the deprivation index of the family’s municipal-
ity of residence. Children from later birth cohorts had
statistically significantly shorter delays for the first
dose only (2017: —=14%, 2019: —26%).

Discussion

Our study shows that among the children vaccinated by
HCPs in the community (ca 90% of children in France
in 2019), estimated VC and VT for MMR doses 1 and
2 improved moderately after the new mandates came
into effect in 2018. Nonetheless, VC for full MMR vac-
cination in the 2019 cohort remained clearly below the
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WHO 95% target, even at age 48 months, and one-third
of these children had one or both MMR doses late, with
a cumulative mean delay of 7 months. Moreover, chil-
dren from low-income, compared with higher-income
families, were less well protected against measles
(coverage differences were substantial for dose 2,
which may or may not have been administered after
48 months); their risk of delayed MMR vaccination was
statistically significantly higher. Overall, our results
indicate that the MMR vaccination mandates benefited
low-income groups less than more affluent groups, and
thus increased, rather than decreased, social inequali-
ties in immunisation.

As 97% of children are enrolled in preschool at age 48
months and measles is highly contagious, inadequate
enforcement of the new mandatory childhood vaccina-
tions means that the law may not effectively prevent
transmission should France experience another epi-
demic [17]. While the statute provides that children
who are not fully vaccinated must be excluded from
school, it is the preschool or nursery school that must
ultimately take this complex and difficult-to-enforce
decision and enforce it [18]. The worldwide epidemic
risk is far from negligible. Measles has intensified
since 2022, with major epidemics currently ongoing in
South Asia and Africa [11,19] and a considerable rise in
some parts of Europe [20]. Furthermore, international
tourism from these continents to Europe had almost
returned to pre-COVID-19 levels by 2023, exposing
European countries to risks of measles importation
and epidemic resurgence [11,21]. Vaccine coverage is
not always adequate for collective protection in France
or elsewhere in Europe [1,11,22], where measles vacci-
nation delays are relatively common [10,23].

Risk of measles epidemics may be particularly high
where under- or late-vaccinated population groups
are over-represented. This is the case in 14 French
départements (among 101 such French administra-
tive divisions), concentrated in southern France and in
overseas départements, where complete measles VC
does not exceed 80% at the age of 33 months [9]. It is
even more true in municipalities with high deprivation
scores (most French cities with»100,000 inhabitants).

We used the WHO Framework of Health System
Components [24] to identify the important barriers that
may affect MMR vaccination among low-income popu-
lations [25]: financial costs, the availability of services
(regardless of cost), and the inadequate level of vac-
cine acceptance.

Firstly, financial costs remain a barrier for low-income
and other marginalised groups to access vaccination.
While the NHIF fully reimburses medical prescriptions
for the MMR vaccine for children of families it insures,
it pays only a portion of vaccine administration costs:
those who cannot afford supplementary health insur-
ance (ca 20% of the population in France) [26] may
also be unable to pay these out-of-pocket costs. The
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TABLE 2

Measles-mumps-rubella vaccination coverage?, percentages of children vaccinated late and mean delays at age 48 months,

above and below the poverty line®, France (n=2,108,620)

Cohort birth year®

Trends? of differences

. _ 2015 2017 2019 L
VEUEDLIE Denominator . : : between low-and higher-
Low income Low income Low income income, 2015 to 2019
No Yes \[e} Yes \[o} Yes
Percentage % A ppt® % A ppt® % A ppte ppt
First MMR vaccine dispensed All children 95.6 —4.1 96.1 -3.9 97.5 -4.1 0.0
) Children with at least
f
Latef first dose one dose dispensed 29.5 +9.8 25.7 +12.3 21.1 +14.9 +5.1
Second MMR vaccine .
dispensed All children 86.3 -10.5 87.5 -10.8 90.1 -11.2 +0.7
Children with both doses
Late second dose dispensed 31.9 +6.7 24.2 +8.8 17.7 +11.2 +4.5
Mean delay® in months
Children with at least
First MMR dose one dose dispensed, late | 5.51 +1.38 4.77 +1.58 4.54 +1.76 +0.4
first dose
Children with at least
Second MMR dose one dose dispensed, late | 6.05 +0.68 | 5.40 +0.81 5.14 +0.90 +0.2
second dose
Children with at least
. h one dose dispensed,
Cumulative doses late first and/or second 7.78 +1.44 6.75 +1.72 6.36 +1.97 +0.5
doses

MMR: measles—-mumps-rubella; ppt: percentage points.

2 The date when pharmacies dispensed the MMR vaccines served as proxy for the injection date to estimate vaccination coverage rates.

® Families were defined as below the poverty line if they were covered by subsidised social health insurance at any time during the study
follow-up. Percentage of recipients in 2015: 23.7%; 2017: 24.6%; 2019: 26.3%.

¢ This study included only children born in 2015, 2017 and 2019, who were alive 4 years after birth and who had a diphtheria, tetanus and
pertussis vaccine dispensed at least once (before 2018) or a pentavalent or standard hexavalent childhood vaccine dispensed at least once
(2018 onwards) by their first birthday: this condition was applied to exclude children vaccinated in mother—child protection centres [5].
Final numbers of children in the birth cohorts, after these exclusions: n (2015)=725,079; n (2017)=704,768; n (2019)=678,773.

4 Formula:|X

2019, deprived : szg, non-deprivedl - |X2015, deprived - X2015, non-deprived

|, where X is one of the indicators in the rows of the table and |X| the absolute

value of X. For each variable, this describes the trend of the difference in percentage points between children from low-income families and

other children from 2015 to 2019.

¢ Difference, in ppt, between children who were living below the poverty line and children who were not.

fMMR vaccine doses were considered dispensed late from month 14 for the first dose and month 20 for the second dose onward.
See Supplement 2 for the handling of specific cases, such as a first dose dispensed after the mandatory date for the second.

¢ Children who had not received the dose of vaccine by age 48 months were excluded from the calculation.

" Mean cumulative delay includes children whose first and/or second MMR dose was dispensed late.

Data source: National health data system, March 2024.

complexity of the reimbursement system is a structural
barrier contributing to high rates of non-utilisation of
social benefits among low-income individuals often
unable to navigate this system [27]. Since the begin-
ning of the 2010s, reduced funding of the MCPCs has
also impaired its long-standing ability to offer free vac-
cination to the general and especially the low-income
population. Thus the population they serve and the
number of consultations they offer have declined [28].
See also Supplementary Table Si for trends in the
number of children potentially cared for by MCPCs.

Secondly, the COVID-19 pandemic made access to
healthcare services harder (making appointments
online at vaccination centres, dematerialised vaccina-
tion certificates, teleconsultations, etc.) and revealed
the dual divide — social and digital — separating groups
including socially isolated or financially disadvantaged

people, people with disabilities, and migrants from the
rest of the population [29].

Furthermore, many European countries, especially
France, are currently experiencing a severe scarcity of
doctors [30], limiting the supply of time for consulta-
tions, especially for prevention. This scarcity is most
marked in deprived areas and may partly explain the
relation we observed between the increased risk of
delayed MMR vaccination and the deprivation level of
families’ municipalities of residence.

Thirdly, lower vaccine acceptance in low-income and
other underserved groups may contribute to insuf-
ficient and/or late MMR vaccination [25]. The moni-
toring of vaccine acceptance prevalence in France
from 2000 through 2021 suggests the gap is widen-
ing between affluent and low-income populations, to
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TABLE 3

Factors associated with delayed dispensing of measles—mumps-rubella vaccine for untimely vaccinated children, accelerated
failure time model, three birth cohorts?, France (dose 1: n=588,841; dose 2: n=611,252)

Duration of MMR vaccine delay®

Explanatory variable

aTR 99.9% Cl
Dose 1 n=588,841°
Sex
Male Reference
Female 0.97 0.96-0.99
Birth cohort
2015 Reference
2017 0.86 0.85-0.87
2019 0.74 0.73-0.76
Below the poverty line?
No Reference
Yes 1.52 1.50-1.54
Deprivation level in the municipality of residence®
Mean: 0.0 (range: -6.1-7.2) 03 1037104
Number of consultations with general practitioners or paediatricians
Mean: 30 (range: 1-88) 0-98 0-98-0.98
Type and size of municipality
Intermediate city between 5,000 and 200,000 inhabitants’ Reference
Paris 1.08 1.06-1.10
Large suburbs (> 200,000 inhabitants) 0.98 0.96-1.00
Large city centres (= 200,000 inhabitants, except Paris) 1.05 1.02-1.07
Small cities or rural areas (¢ 5,000 inhabitants) 1.00 0.99-1.02
Dose 2 n=611,2528%
Length of delay (in number of months) of vaccination for first dose
Range: 0-35 1.06 1.06-1.06
Sex
Male Reference
Female 1.00 0.99-1.01
Birth cohort
2015 Reference
2017 0.98 0.97-1.00
2019 0.99 0.97-1.01
Below the poverty line®
No Reference
Yes 1.33 1.31-1.35
Deprivation level in the municipality of residence®
Mean: 0.0 (range: —6.1-7.2) 02 1017102
Number of consultations with general practitioners or paediatricians
Mean: 30 (range: 1-88) 099 0-99-0.99
Type and size of municipality
Intermediate city between 5,000 and 200,000 inhabitantsf Reference
Paris 1.40 1.37-1.43
Large suburbs (= 200,000 inhabitants) 1.00 0.98-1.02
Large city centres (= 200,000 inhabitants, except Paris) 1.10 1.07-1.13
Small cities or rural areas (< 5,000 inhabitants) 0.96 0.94-0.98

aTR: adjusted time ratios; Cl: confidence interval; MMR: measles—-mumps-rubella.

2 Children born in 2015, 2017 and 2019, who were alive 4 years after birth and who had a diphtheria, tetanus and pertussis vaccine dispensed at least once (before 2018) or a pentavalent
or standard hexavalent childhood vaccination dispensed at least once (2018 onwards) by their first birthday: this condition was applied to exclude children vaccinated in mother—child
protection centres. Children with a very high number of consultations (»88) over the study period or with missing data for covariates were excluded. Final numbers of children in the
birth cohorts, after these exclusions: n (2015)=653,263; n (2017)=631,260; n (2019)=607,205.

b For the two MMR vaccine doses, vaccines were considered dispensed late from month 14 for the first dose and month 20 for the second dose onward. See Supplement 2 for the handling
of specific cases, such as a first dose dispensed after the mandatory date for the second.

©1,299,887 children with a first dose dispensed on time were excluded.

4 Families were defined as below the poverty line if they were covered by subsidised social health insurance at any time during the study follow-up. 2015: 23.7%; 2017: 24.6%; 2019:
26.3%.

¢ The indicator for ‘residence in a socially disadvantaged municipality’ was constructed at the level of municipalities, from four variables available from the French census: median wage
by consumption units in the household, percentage of secondary-school graduates (passed baccalaureate exam) in the population older than 15 years, the percentage of blue-collar
workers in the labour market, and the unemployment rate [5].

fClassification from the National Institute of Statistics and Economic Studies (INSEE, 2020)
21,277,476 children with a second dose dispensed on time or no first dose dispensed were excluded.

The accelerated failure time model estimates aTR associated with a category/value of an explanatory variable: a value greater than 1 indicates a longer delay until vaccination takes place,
while a value less than 1 indicates a delay shorter than the reference category. For example, an aTR of 1.52 associated with low income means that time until the first MMR vaccine dose
was dispensed was 52% longer among children from low-income families than among others.

Data source: National health data system, March 2024.
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the detriment of the latter [31]. A cross-sectional sur-
vey of ca 2,000 adults in France in 2023 showed that
12.4% of low-income participants were unfavourable
towards MMR vaccination vs 7.6% among the higher-
income participants (p<1073, personal communication:
Fressard, July 2024). Trust in HCPs and the healthcare
system are core determinants of vaccine acceptance.
Among low-income individuals, previous experiences
of care and discrimination (sex, gender, sexual prefer-
ence, social class, race, age, disability) may undermine
vaccine confidence [25] as may doubts about vaccine
efficacy and safety potentially fuelled by various con-
textual and personal factors [32]: misinformation,
inadequate health or overall literacy, some cultural or
religious beliefs, adherence to conspiracy theories,
etc. Socioeconomically vulnerable parents with little
knowledge about childhood vaccination and mandates
might be less likely than other parents to comply with
mandatory vaccination [33].

Three primary categories of solutions are applicable
to each of these factors: public policies promoting the
removal of barriers; educational programmes for HCPs
to help them improve their care of patients with com-
plex needs; and interdisciplinary research programmes.

Policy and administrative steps to reduce barriers to
vaccination (and healthcare) access for low-income
groups include simplifying access to social rights,
restoring MCPC funding, dealing with issues related to
the longer consultation times (funding, task shifting,
etc.) required to address the complex situations asso-
ciated with socioeconomic deprivation, and ensuring
that health services are provided in the mother tongue
of minority populations and take their culture into
account [25]. These steps could also help improve the
confidence of low-income groups in both the health-
care system and HCPs. Outreach programmes with
sustainable funding and trained professionals should
be developed to reach isolated groups and accompany
them to care.

Improved initial and continued training for HCPs is
among the most useful steps possible to aid equity in
immunisation by helping HCPs deal with the numerous
difficulties of caring for low-income individuals, includ-
ing communication difficulties linked to language
skills, literacy and health literacy. A survey on caring
for low-income patients among nearly 1,000 general
practitioners in France in 2017 revealed that [34]: 75%
perceived that prevention with these patients appeared
ineffective; 54% did not feel adequately trained to deal
with these patients, and nearly 50% did not feel ade-
quately trained to adapt prevention messages to them.
These results are consistent with the international lit-
erature [25] and underline the need for guidelines to
help HCPs and improve the available training.

Priority areas for interdisciplinary research include
understanding how low-income people cope with the
complexity of the reimbursement system, the structural

reasons for its persistence in the health system and
how public policies could reduce it. Research is also
needed to assess the specific needs, constraints, per-
ceptions and opinions of the various disadvantaged
groups based on their experiences of the healthcare
system, and to better understand, more generally,
the social, economic and cultural dynamics or logics
of appropriation or rejection of health norms and how
they influence the acceptance of coercive measures
among socioeconomically vulnerable groups [35].

Findings show that personalised approaches based on
emphatic listening, such as motivational interviewing,
in different groups of this population have improved
vaccine confidence and acceptance in some countries
and may be especially appropriate with low-income
groups in various cultural contexts [36,37]. Further
research is needed to determine the conditions for
their broader deployment.

Some limitations should be considered when inter-
preting our results. While they concern a large major-
ity (90%) of children of the birth cohorts considered,
caution is required in generalising them to the entire
population of these birth cohorts because children
potentially vaccinated against measles in MCPCs were
excluded from our analyses [5] and because these chil-
dren are more often from low-income. Nonetheless,
among all low-income children in the 2019 cohort, only
15% were excluded because of potential vaccination in
MCPCs; further details on the exclusions can be seen
in Supplement 1. The method used to exclude chil-
dren potentially vaccinated against measles in MCPCs
[5] cannot exclude those whose first vaccine was dis-
pensed in community pharmacies and their second
laterin a MCPC: it might lead to underestimating second
dose VC and overestimating delays for the first dose.
We append a sensitivity analysis in Supplementary
Table S3, where assumption of high VC and low delay
in children vaccinated in these centres only slightly
modified our conclusions about VT and socioeconomic
disparities. However, the substantial decline in the
number of consultations available for children younger
than 6 years in MCPCs since the 2010s suggests that
these assumptions may be optimistic [28].

Our estimates of MMR VC are consistent with those
already published [9]. Additional sensitivity analyses
on ways to define vaccination delays are appended
in Supplementary Table S4; they affected our results
only marginally. Using the dates when MMR was dis-
pensed in pharmacies as proxies for injection dates
could have resulted in underestimating vaccination
delays as injections could have occurred well after
purchase, and in overestimating VC if vaccines were
delivered but not administered. All in all, our sensitiv-
ity analyses indicate that our main conclusion remains
valid: social inequalities in MMR vaccination coverage
and delay persisted in the 2019 cohort despite the vac-
cine mandates.
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As the database of the French National Health Insurance
Fund does not allow access to the home addresses of
insured persons, the municipality deprivation index
cannot measure the heterogeneity within municipali-
ties (except for Paris, Marseille and Lyon where it is
available at the district level). Nonetheless, because
it reflects — homogeneously across France — a major
part of the spatial socioeconomic heterogeneity, its use
is recommended for observing and analysing spatial
health inequalities [15]. The type and size of municipal-
ity classification further improved the analysis of spa-
tial health inequality by capturing effects not captured
by the deprivation index. The share of people with
low-income increases with municipality size and is,
furthermore, higher in city centres than suburbs [38].
The impact of lockdowns on healthcare use during the
COVID-19 pandemic in 2020, especially the first one
from mid-March to the first week of May, might have
affected the MMR vaccination dynamic [39]. However,
our results for the 2019 cohort do not indicate any
marked change over this period, and the curves for the
cohort of children born in 2020 are the same, with the
same gaps between children from low-income families
and more affluent families (data not shown).

Finally, the inability to reliably track some specific
underserved communities, such as irregular migrants,
in the NHDS, prevented any specific analysis among
these subpopulations within the category of low-
income families.

Despite these various limitations, the NHDS covers
almost the entire population of France and provides
access to objective, reliable retrospective data, ena-
bling us to study different birth cohorts.

Conclusion

A moderate improvement in MMR VC and VT was
observed for both doses after the extension of com-
pulsory childhood vaccinations in 2018. However, the
worsening of social inequalities in MMR vaccination fol-
lowing this extension highlights the need to try antici-
pating this kind of undesired effect before such public
health policies are implemented. In-depth knowledge
of the structural reasons why low-income groups may
respond less than more affluent ones to changes in
public health policy remains essential. Beyond this
question, it is also important to understand the pos-
sible structural obstacles to anticipating this type
of problem when drawing up vaccination policies.
Addressing these research questions is essential to be
better prepared to prevent and manage future epidem-
ics. Finally, maintaining or improving trust in all the
components of our societies in the healthcare system,
its actors and vaccination remains a priority to accom-
pany the coercive vaccination policies: this is a com-
plex task requiring substantial resources to develop
comprehensive, multicomponent interventions tailored
to each specific context and to evaluate, deploy and
follow them up.
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