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ABSTRACT

The French National Immunization Program was updated in 2013 for vaccination against diphtheria, tetanus, per-
tussis, and poliomyelitis. Our previous findings on the evolution of age-specific booster vaccination coverage rates
(VCRs) up to 2017 suggested suboptimal vaccination coverages due to the pre-2013 recommendation-residual
vaccination practices. In the current analysis, we evaluated all age-specific booster VCR and distribution of age
at vaccination visits in 2018. In this retrospective observational cohort study, the cumulative booster VCRs were
updated at all vaccination visits up to 2018 among the people who were eligible for a booster vaccination, using a
1/97th random sample of French national healthcare reimbursement databases. The cumulative booster VCR for
individuals from all age groups increased from 2017 to 2018, except for 85-years-old vaccination visit. Majority
of the individuals from all age groups were vaccinated (boosted) with a vaccine containing the pertussis valence.
In 2018, sharp peaks corresponding to the recommended ages for booster vaccination visits were observed for
individuals aged 6, 11 to 13, 25, 45, and 65 years. Our study reiterates suboptimal coverages in France and

implies the need for booster vaccination throughout life for the protection of the population.

1. Introduction

The French National Immunization Program (NIP) was
updated in 2013 to ensure optimal protection against
diphtheria, tetanus, pertussis, and poliomyelitis at all ages
[1]. The new calendar included the recommendation of a
booster dose of diphtheria, tetanus, pertussis, and inacti-
vated poliomyelitis (DTaP-IPV) vaccine for children aged
6 years; a booster dose of the vaccine containing reduced
antigen content for diphtheria toxoid and pertussis anti-
gens (Tdap-IPV) for individuals aged 11 to 13 years and
25 years; and a booster dose of the vaccine containing
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tetanus, inactivated poliomyelitis, and reduced content
of diphtheria toxoid (Td-IPV) for adults aged 45 and 65
years, followed by a booster dose once every 10 years. In
the pre-2013 vaccination schedule, pertussis vaccination
was not recommended at 6 and 25 years of age, and for
adults aged >35 years, a booster dose was recommended
every 10 years with no fixed age for vaccination visits
[1,2].

We recently reported suboptimal booster vaccination
coverage in France up to 2017 after the change in the
NIP [2]. A rise in pertussis VCR from 26.7% in 2013 to
35.9% in 2017 was reported for the vaccination visit at
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25 years of age. However, the overall VCR remained be-
low the 95% target recommended by the 2004 Public
Health Law. Additionally, gap between the recommended
age and vaccination age along with a strong decrease in
cumulative rates with increasing age were observed [2].
These findings were consistent with data from the United
States [3] and Australia [4], whereby the pertussis VCR
decreased with increasing age.

Implementation of changes in national recommenda-
tions is a long-term process. Based on the previous ob-
servations, some vaccinations were followed per the pre-
2013 recommendations. Focusing on the long-term vision
of implementing the 2013 vaccination schedule, the study
was extended to 2018. The current study evaluated the
booster VCR and distribution of age at vaccination visits
in 2018.

2. Methods
2.1. Study design

This retrospective observational cohort study was
conducted using a 1/97th random representative sam-
ple of the French national healthcare reimbursement
databases (the General Sample of Beneficiaries [Echan-
tillon Généraliste des Bénéficiaires {EGB}]) [5]. The ref-
erence system of the EGB population is updated on a
quarterly basis from the health insurance administrative
databases. The findings of the data analyzed from Jan-
uary 01, 2013 to December 31, 2017 have been recently
published [2]. These results were updated with data up to
December 31, 2018. The study was performed according
to the Good Epidemiology Practices [6].

2.2. Study population

Individuals from the general French population who
were eligible for a booster vaccination and were covered
by the general health insurance scheme were included in
the study. However, there is a frequent delay between the
recommended vaccination age and the actual age at the
time of vaccination in clinical practice. Hence, broader
age ranges of 5 to 8 years, 10 to 15 years, 21 to 29 years,
41 to 49 years, 61 to 69 years, 71 to 79 years, 81 to 89
years, and 91 to 99 years corresponding to the recom-
mended age of 6, 11 to 13, 25, 45, 65, 75, 85, and 95 years
(common practice approach) were used. The detailed in-
clusion and exclusion criteria have been described previ-
ously by Marchal et al. [2].

2.3. Study outcomes

The cumulative booster VCRs against diphtheria,
tetanus, and poliomyelitis (DTaP-IPV, Tdap-IPV, or Td-
IPV), and pertussis (DTaP-IPV or Tdap-IPV) from 2013 to
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2017 have been reported previously [2]. The primary ob-
jective of the current analysis was to estimate the propor-
tion of people vaccinated in 2018 (cumulative vaccination
coverage in common practice) according to the strict ap-
plication of the vaccination schedule established in 2013.
Additionally, the distribution of age at vaccination visits
in 2018 were evaluated.

2.4. Statistical analysis

All analyses in this study were descriptive. No hypoth-
esis was tested; hence, sample size calculation was not
performed. The processing and statistical analysis of the
data were performed using SAS Enterprise Guide software
version 7.13 HF1 (Raleigh).

3. Results

3.1. Study population

Out of the 772,240 individuals recorded in the EGB
database between 2013 and 2018, 401,078 individuals af-
filiated with the general health insurance scheme and el-
igible for a booster vaccination in common practice were
included in the study (Fig. 1).

3.2. Booster vaccination coverage rates

3.2.1. Diphtheria-tetanus-poliomyelitis

Consistent with our previous findings [2], the cumu-
lative booster VCR for diphtheria-tetanus—poliomyelitis
was the highest for vaccination visits at 11 to 13 years of
age throughout the study period and remained the highest
with a cumulative booster VCR of 76.3% in 2018. Starting
from the vaccination visit at 25 years of age and above,
the cumulative VCR decreased with age (Fig. 2A).

The cumulative booster VCRs for all age groups in-
creased from 2017 to 2018, except for 85-year-old age
group, whereby the cumulative booster VCR slightly de-
creased (from 22.1% in 2017 to 21.5% in 2018 [Fig. 3A]).
The VCR for the vaccination visit at 45 years of age that
had previously declined from 41.8% in 2013 to 38.5% in
2017 [2] remained constant at 38.7% in 2018.

3.2.2. Pertussis

Pertussis booster VCR for vaccination visit at 6 years
of age sharply increased from 17.4% in 2013 to 63.5% in
2017 and further increased to 66.9% in 2018. Pertussis
booster VCR for vaccination visit at 11 to 13 years was
>50% throughout the study duration and reached 65.3%
in 2018 (Fig. 2B).

All age groups demonstrated a rise in pertussis booster
VCRs from 2017 to 2018, except among the 85-year-old
age group, whereby it remained constant (from 10.9% in
2017 to 10.7% in 2018 [Fig. 3B]).
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Fig. 1. Flowchart of study population.

Individuals affiliated to a scheme other than the
general scheme between 2013 and 2018
n=283,738 (10.8%)

Individuals affiliated to the general scheme at least 1
day between 2013 and 2018
n=688,502 (89.2%)

Individuals not targeted by a vaccination appointment
n=287,424 (37.2%)

Individuals included in the study for >1 vaccination
appointment
n=401,078 (51.9%)

Fig. 2. Cumulative booster vaccination
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All analyses in this study were descriptive. No hypothesis was tested

Similar to 2017, a majority of the individuals from all
age groups were vaccinated with a vaccine containing the
pertussis valence in 2018. However, for the vaccination
visit at 6 and 11 to 13 years of age, approximately 10%
of children did not receive a pertussis antigen-containing
vaccine.

53

3.3. Compliance with National Immunization Program

In 2018, sharp peaks corresponding to the recom-
mended ages for booster vaccination visits were ob-
served for individuals aged 6, 11, 25, 45, and 65
years (Fig. 4). A low but continuous dispensing of
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Fig. 3. Cumulative booster vaccination
coverage rate for diphtheria-tetanus—
poliomyelitis vaccines (A) and pertussis
vaccines (B) for each vaccination visit in
2017 and 2018.
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vaccines was observed at other ages between the
peaks.

4. Discussion

The cumulative diphtheria-tetanus—poliomyelitis
VCRs were generally stable from 2013 to 2018, except
among the 6-year-old, 65-year-old, and 75-year-old age
groups, for whom it increased in 2018. The implementa-
tion of the 2013 recommendation on pertussis continued
to make progress, as the sharp rise in pertussis VCR
demonstrated by 6-year-olds further increased in 2018.
This was consistent with a previous study in children
<12 months old between 2009 and 2014 [7]. However,
the VCR was not optimal for vaccination visits at 6 and
11 to 13 years of age. Furthermore, around 10% did not
receive a pertussis booster despite the recommendations
being implemented since 2013 for the 6-year-olds and
since 1998 for the 11- to 13-year-olds.

For the adult population, previous surveys have re-
ported a decrease in booster VCR with increasing age in

79 years
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89 years 99 years

older adults (aged >65 years) [8]. Although a booster per-
tussis vaccination for those aged >25 years is not men-
tioned in the general population recommendation (except
per cocooning strategy), most of the individuals were re-
ported to be vaccinated with a vaccine containing the per-
tussis valence in 2018.

Our results are consistent with the findings from tri-
ennial school-based surveys conducted by Public Health,
France (2003-2004 and 2008-2009) [9] and Metropoli-
tan France and Overseas Departments (2016-2017) [10],
studies conducted by the Centers for Disease Control and
Prevention in the United States using National Immu-
nization Survey-Teen data, and data published by Santé
Publique France (French Public Institute for Health, the
national public health agency in France), with the dif-
ference (higher VCR in these studies) attributed to the
difference in the definition of booster VCR and selection
methodology [2].

However, despite the increase reported post 2017,
the VCR remained non-optimal in 2018 (<95% tar-
get recommended by the Public Health Law of 2004
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[Law no. 2004-806 of August 09, 2004 on public health
policy. Appendix — Report of public health objectives])
[11]. Overall, the VCR decreased with age in adulthood,
and the vaccination schedule was not strictly followed
for the majority of the studied population throughout
the study period. As disease transmission through the
adult population remains a significant source of infection
for unvaccinated and partially vaccinated infants [12],
booster vaccination has an important role in reducing the
overall disease burden of pertussis and increase the herd
immunity of the populations.

In 2018, continuous dispensing of vaccines outside
common practice was observed, similar to that in 2017.
Such noncompliance with the vaccination schedule may
decrease the population immunity, particularly in 6-year-
old children with a significant gap between the last dose
at 11 months and a possible late booster at 8 years of age.
Vaccinations outside common practice could be due to
a continued application of the old vaccination schedule,
lack of communication on the updated vaccine schedule,
vaccinations made fortuitously, and as a part of the co-
cooning strategy.

Our study had some limitations. The data collected
from EGB provided information about the number of par-
ticipants who retrieved the vaccine from the pharmacy.
However, it did not confirm that the vaccines were ad-
ministered. This bias could have led to overestimation of
VCRs. Conversely, there was possibility of underestima-
tion of VCRs, since health care consumption of partici-
pants is not recorded by some health centres.

Analyses of data for 2019 and 2020 are in progress.
These analyses will be of interest to assess the impact of
coronavirus disease-2019 on the diphtheria, tetanus, po-
liomyelitis, and pertussis booster VCRs in France.

5. Conclusions

Our 2018 update on the diphtheria, tetanus, po-
liomyelitis, and pertussis booster VCR reiterates subop-
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Fig. 4. Histogram of the age of individuals
who received a booster vaccination in 2018.
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timal coverage in France. This study implies the need for
booster vaccination throughout life for the protection of
the population.
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