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Summary

Background Vaccination is among the most effective public health interventions, yet vaccine hesitancy in the
European Union (EU) has driven declining coverage and resurgences of vaccine-preventable diseases. Trend
assessments are essential for informing strategies to maintain high coverage levels.

Methods We analyzed WHO/UNICEF Estimates of National Immunization Coverage data (as of September 2025)
for 27 EU countries from 1980 to 2024. Coverage for seven first-year antigens (DTP-3, HEPB-3, HIB-3, POL-3, PCV-
3, MCV-1, RCV-1) was evaluated using Joinpoint regression for Average Annual Percent Change (AAPC) overall and
recent Annual Percent Change (APC) shifts.

Findings Of 183 country—vaccine time series, 128 showed positive AAPCs and 55 negative AAPCs, indicating
substantial long-term gains but heterogeneous trajectories. In the most recent segment, APCs revealed
predominantly declining trends, with 119 decreasing and only 64 increasing trends; 16 countries had four or
more decreasing trends across antigens. In 2024, 71 country—antigen combinations reached at least 95%
coverage and 62 were between 90% and 94%; in that year, Luxembourg and Portugal achieved at least 95% for
all seven antigens, while Romania reported less than 80% for all. The most marked recent declines were
observed for HIB-3 and POL-3, with 20 countries each showing decreasing trends, followed by HEPB-3 (18) and
DTP-3 (17) whereas measles- and rubella-containing vaccines showed relatively more favorable recent trajectories.
Most of these declining segments started between 2019 and 2022, coinciding with the COVID-19 pandemic and
its immediate aftermath, and may reflect pandemic-related disruptions to routine childhood vaccination services.

Interpretation Despite long-term gains, recent EU-wide coverage declines signal increasing risks to herd and
individual immunity. International, national and community actions are needed to reverse trends.
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Introduction

Vaccinations represent one of the most successful and
cost-effective public health interventions and have led
to the eradication, elimination, and control of many
infectious diseases in the last few decades.' The rele-
vance of vaccination is testified by its contribution to
eradicating smallpox in 1980, while nowadays it is a key
tool for eliminating wild polio.** Vaccinations have

reduced the burden of diseases such as tetanus,
whooping cough, pneumonia, measles, influenza, and
diphtheria, annually preventing 4-5 million deaths
worldwide,* and over 154 million deaths in the last 50
years, especially among children.’ In addition, vacci-
nation is one of the most cost-effective interventions,
reducing direct and indirect costs related to infectious
diseases.
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Research in context

Evidence before this study

Vaccination stands as one of the most successful public
health interventions globally, significantly reducing the
burden of infectious diseases. However, in recent years, the
European Union (EU) has faced significant challenges,
including rising vaccine hesitancy and the resurgence of
vaccine-preventable disease outbreaks. To provide updated
data on childhood vaccination coverage trends in the EU, we
searched PubMed, Scopus, and official institutional databases
(WHO, ECDC, UNICEF) up to August 2025, without language
restrictions. The search combined free-text and controlled
vocabulary terms for “vaccination coverage”, “immunization
coverage”, “trend”, “trend analysis”, and “European Union”.
While existing research often focuses on specific countries,
single antigens, or shorter timeframes, there is a lack of
comprehensive, multi-antigen longitudinal analyses covering
the entire EU block over several decades. Most available
evidence highlights recent declines, particularly following the
COVID-19 pandemic, but does not systematically contrast
these with long-term historical trajectories across different
geographical regions.

Added value of this study

To our knowledge, this study represents the first
comprehensive analysis of childhood vaccination coverage at
the EU level to include seven different antigens (DTP-3,
HEPB-3, HIB-3, POL-3, PCV-3, MCV-1, and RCV-1) over a
period exceeding 40 years, from 1980 to 2024. Beyond
describing long-term trends, our study combines estimates
of both long-term patterns and recent changes, allowing the

In recent years, however, vaccine hesitancy, defined
as a delay in acceptance or outright refusal despite the
availability of vaccination services,” has gained mo-
mentum, especially due to misinformation at both po-
litical and scientific levels. This phenomenon affects
countries worldwide differently and unevenly, and de-
pends on several social, political, educational, eco-
nomic, behavioral, and health factors.” In this context,
the increase in hesitancy, as well as the disruption
caused by the COVID-19 pandemic,® has led to a
reduction in vaccination coverage, with vaccine-
preventable diseases re-emerging, even in high-
income European Union (EU) countries.’ To address
this situation, many countries adopted several mea-
sures, with substantial variation across EU countries,
with some recommending selected vaccines and others
adopting vaccination mandates.”” In particular, 13 EU
countries (Belgium, Bulgaria, Croatia, Czechia, France,
Germany, Hungary, Italy, Latvia, Malta, Poland,
Slovakia and Slovenia) have established at least one
mandatory vaccination for school entry, with differ-
ences in terms of modalities, timing, and the number
of vaccines.”” For example, while in Belgium, the only

identification of countries and antigens experiencing recent
reversals in vaccination coverage. Our findings reveal a
complex landscape: while most country-antigen
combinations showed a significant long-term increase, a
concerning and widespread recent deterioration in
vaccination trends across the EU, potentially influenced by
pandemic-related disruptions and other contextual factors.
By providing a standardized comparison across countries and
antigens using a consistent analytical framework, this study
identifies early warning signals that may not be apparent
from absolute coverage estimates alone and provides
evidence to support the timely strengthening of
immunization programmes and surveillance systems.

Implications of all the available evidence

Our findings demonstrate that while the EU has achieved
historically high vaccination rates, the recent downward
trends in several Member States pose a serious threat to herd
immunity and regional health security. These results have
direct implications for policymakers, as they highlight the
urgent need for tailored, evidence-based public health
interventions to address localized declines and combat
vaccine hesitancy. This analysis serves as a critical tool for
guiding EU-wide and national policies aimed at harmonizing
immunization strategies, optimizing vaccine delivery
systems, and ensuring sustainable high coverage to prevent
the re-emergence of infectious diseases. Future research
should focus on the socio-economic and behavioral drivers
behind these identified geographical disparities to further
refine targeted communication and intervention strategies.

mandatory vaccination (against polio) has been in place
since 1967, in Italy the number of mandatory vaccina-
tions increased from four to ten in 2017, and in France,
a law of 2018 established eleven mandatory vaccina-
tions."” Other countries have maintained an approach
emphasizing personal freedom, aiming at empower
citizens to make informed decision. In Sweden, after
experiencing small-scale and localized outbreaks of
measles and rubella in 2013," new vaccine policies
were introduced, offering immunization programmes
in atrisk groups and investigating underserved pop-
ulations with low vaccination coverage.

Currently, information on population coverage
against several preventable communicable diseases at
country level is available from different sources, such as
international organizations, Ministries of Health, na-
tional institutions, and independent research centers.
However, to date, a systematic synthesis of EU vacci-
nation coverage trends has not been developed. Even
though these databases and dashboards allow for rapid
evaluation of coverages, a structured comparative
analysis of different EU countries is needed to put the
data in the right perspective. Analysis of these data,
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indeed, is crucial for monitoring the evolution of in-
fectious diseases and assessing the effectiveness of
targeted policies adopted at national and international
levels.'#* Evaluating trends in vaccination coverage
provides scientific evidence for policymakers to imple-
ment effective and targeted prevention strategies.
Importantly, even modest declines in vaccination
coverage in countries with historically high uptake may
represent early-warning signals of immunization sys-
tem fragility, with potential implications for the re-
emergence of vaccine-preventable diseases.

In this context, our study aims to describe the trends
of vaccination coverage for seven childhood vaccines
from 1980 to 2024 across EU countries and to identify
positive, negative, or stationary evolutions for both the
single vaccination and the single country.

Methods

This study is an observational ecological time-series
analysis based on aggregated data and is reported in
accordance with the STROBE guidelines. "

Data source

We extracted data on vaccination coverage from the
publicly available WHO/UNICEF Estimates of National
Immunization Coverage (WUENIC) dataset, based on
data officially reported to the organizations by Member
States every year, as of September 2025."” The WUENIC
dataset provides complete annual estimates for each
country, even when original data are missing, through a
standardized process combining administrative and
survey data with expert review. We included all 27 current
EU countries in our analysis and classified them accord-
ing to the classification of EuroVoc, as shown in
Supplementary Table S1. We considered the period from
the first year available, 1980 (or more recently if data were
unavailable) to 2024 (or the most updated data when no
data were available for 2024). Based on the availability of
data, we selected coverage indicators referring to seven
vaccines scheduled during the first year of life to prevent
nine vaccine-preventable diseases. In particular, we
selected the vaccinations for diphtheria, tetanus toxoid,
and pertussis (DTP-3), hepatitis B (HEPB-3), Haemophi-
lus influenzae type B (HIB-3), measles (MCV-1), pneu-
mococcus (PCV-3), polio (POL-3), and rubella (RCV-1).
Further description of the vaccination schedule, accord-
ing to the WHO, is available in Supplementary Table S2.

Statistical analysis

We conducted descriptive statistics across vaccination
coverage during the considered period in each country.
To assess changes in vaccination coverage trends across
EU countries, we used the Joinpoint regression model.
Joinpoint regression is a tool for analyzing changes in
trends over time and, for this reason, it is used in many
scientific  domains,'*” including vaccination.’®*
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Indeed, this model allows for identifying a point
(“joinpoint”) when a change in a parameter occurs
within the time series. We used the Joinpoint Regres-
sion Program with default settings. The maximum
number of joinpoints (n=7) was determined automati-
cally by the software based on the length of the time
series. The final model was selected using the permu-
tation test procedure implemented in the program
(overall two-sided a = 0.05), choosing the most parsi-
monious model that provided a statistically significant
improvement in fit. Analyses were performed using the
standard log-linear model (In transformation) imple-
mented in the Joinpoint Regression Program, whereby
the natural logarithm of the outcome is modeled over
time. This approach is recommended by the software
for the estimation of Annual Percent Changes (APCs)
and Average Annual Percent Changes (AAPCs), which
are derived directly from the slope of the log-linear
model.

In our study, we conducted a trend analysis for each
coverage indicator for all countries. In particular, we
considered the year as the independent variable and the
vaccination coverage indicator as the dependent vari-
able, expressed as a percentage, while the results were
sorted by country. Moreover, the Joinpoint model al-
lows for estimating an APC in vaccination coverage,
reflecting an increase or decrease over time. For each
vaccination, the presence of joinpoint indicated changes
in APC over the time. Finally, the model estimates the
AAPC, a summary measure of the trend over the entire
period. Given the number of models evaluated, a type I
error Bonferroni correction was applied to adjust for
multiple comparisons, resulting in a significance
threshold for APC and AAPC of p < 0.00027 (0.05/
183).”" Each country—vaccine time series was analyzed
independently using separate joinpoint regression
models. The analysis was performed using Joinpoint
Trend Analysis Software 5.3.0—Desktop Version,
available from the Surveillance Research Program of
the US National Cancer Institute.”

APC and AAPC analysis
The last two trends of the APC that occurred in the time
series were considered for each coverage indicator. For
reasons of consistency, we called the second-last trend
“trend A”, accounting for the period between the
second-last and the last joinpoint, and the last trend
“trend B”, accounting for the period after the last
joinpoint. Trends A and B are marked for clarity in
Supplementary Figure S1. Based on the significance of
the APC, each trend was classified as significant in-
crease, significant decrease, non-significant increase,
and non-significant decrease. Changes between the last
two segments (trend A and trend B) were used to assess
recent variation in vaccination coverage.

The classification of trend evolution between trend A
and trend B was based on predefined combinations of
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APC changes. Trends were classified as positive when
they showed sustained or emerging increases, and as
negative when they showed sustained or emerging de-
creases. When changes occurred between non-
significant trends, evolutions were classified as mildly
positive or mildly negative. For series without join-
points, classification was based on the overall APC.

Pairs of trends classified as positive or mildly posi-
tive were considered increasing, while those classified
as negative or mildly negative were considered
decreasing. Additional methods for classification are
available in Supplementary Table S3.

Finally, to identify which EU countries and which
antigen presented an overall improving or worsening
trend in vaccination coverage, we considered the AAPC
for each indicator, identifying both positive and nega-
tive evolution.

Ethics approval

The study does not constitute human subjects research,
nor does it use personal data of any kind. No Institu-
tional Review Board approval was needed.

Role of the funding source

The funding body had no role in the design of the
study, analysis or interpretation of data, writing of the
manuscript, or the decision to submit the article for
publication.

Results

Overall results

Out of 189 possible vaccination—country trends (7 vac-
cines across 27 EU countries), 183 analyses were per-
formed (Supplementary Figures S2-S5); data were
unavailable in 6 cases. Among the anaysed trends, 55
showed a negative AAPC and 128 a positive AAPC,
indicating decreasing or increasing vaccination
coverage, respectively, over the available observed period.
Among these, 31 negative AAPC were statistically sig-
nificant, whereas 85 positive AAPC were significant. All
AAPCs are shown in Table 1.

In the most recent year (2024), 71 country—antigen
combinations achieved coverage >95%, while 62 were
between 90% and 94% (Supplementary Table S4). Only
Luxembourg and Portugal reached >95% coverage for
all antigens. Hungary reached >95% coverage for all
antigens with available data, as hepatitis B and pneu-
mococcal vaccination data were unavailable. Belgium,
France and Latvia reached >95% coverage for 6 of 7
antigens. On the other hand, Romania reported
coverage <80% for all antigens, while Estonia showed
coverage levels around 80%.

AAPC results by country

Overall, 20 countries had multiple positive trends in the
AAPC for 4 or more coverages (Table 1). Among these,
eight countries showed positive AAPCs for all seven

vaccination coverage, including Greece, Ireland, Latvia,
France, Luxembourg, Malta, Portugal and Spain.

Moreover, five countries (Belgium, Cyprus, Germany,
Hungary and Italy) had positive AAPC for six different
coverages, while Denmark, Estonia and Lithuania showed
positive AAPCs for five different coverages. Finally, four
countries (Austria, Croatia, Slovenia and Sweden) showed
positive AAPCs for four different coverages.

On the contrary, some countries showed negative
trends in the AAPC for multiple coverages. Romania
showed a negative trend for all 7 coverages. The
Netherlands and Slovakia showed negative trends for 6
coverages. Bulgaria and Czechia both showed negative
trends for 5 coverages while Poland presented negative
AAPC for 4 coverages.

AAPC by antigen

The analysis of the AAPC by antigen revealed hetero-
geneous trends (Table 2). For DTP-3, 9 of 27 countries
showed a significant increase, whereas 7 exhibited a
significant decrease. For HEPB-3, 14 of 24 countries
showed a significant increase, and 3 showed a signifi-
cant decrease. HIB-3 trends displayed a clear predom-
inance of significant increases, observed in 17 of 27
countries, with 4 significant and 2 non-significant de-
creases. For MCV-1, 13 of 27 countries showed a sig-
nificant increase, while 3 presented a significant
decrease and 5 a non-significant decrease. PCV-3
showed mainly significant (n=8) or non-significant
(n=11) increases among 24 available countries, with
only 3 significant and 2 non-significant decrease. POL-3
trends demonstrated a more balanced distribution, with
8 significant increases and 6 significant decreases
across 27 countries. Finally, RCV-1 trends showed
mostly significant increases (16 of 27 countries).

Variation in the APC of trend A and trend B
The results revealed in total 335 positive APC and 213
negative APC (Supplementary Table S5). The analysis
of the latest trends reveals predominantly negative
evolution (119 cases), compared to positive evolution
(64 cases). Table 3 reports all the details about changes
among trend A and B by country and antigen. Briefly,
in 73 cases, trends shifted from positive to negative, and
in 18 cases a positive trend lost significance. Two trends
maintained a significant negative pattern, and 11
negative trends became significant. On the other hand,
18 trends shifted from negative to positive, while 3
trends maintained a significant positive pattern.
Twenty-nine trends remained non-significantly posi-
tive, and 5 remained non-significantly negative.
Considering trends without joinpoint, an increase in
14 cases and a decrease in 10 cases is observed.

Vaccination coverage trends by country

Considering the changes between trends A and B, 16
EU countries showed predominantly negative patterns,
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Country DTP-3 HEPB-3 HIB-3 MCV-1 PCV-3 POL-3 RCV-1
Period AAPC (95% p-value Period AAPC (95% CI)  p-value Period AAPC (95% p-value First-last AAPC (95% p-value  Period AAPC (95% p-value  Period AAPC (95% p-value Period AAPC (95% p-value

()] a) year ()] ()] [¢)] a)

AT 1980-2024  -0.12 0.0016 2000-2024 419 <0.0001 1999-2024 074 <0.0001 19812024 330 <0.0001 Data NA 1980-2024 -0.10 00256 19812024 330 <0.0001
(-0.18; -0.05) (375 4.72) (0.57; 0.95) (2.78; 3.85) (-0.18; -0.02) (2.78; 3.85)

BE 19802024  0.03 0769  1997-2024 1435 <0.0001 1993-2024 533 <0.0001 19812024  1.62 00192 20122024 011 <0.0001 1980-2024 -0.06 0.0308 1985-2024  0.87 <0.0001
(-0.11; 0.20) (11.79; 16.70) (4.28; 633) (0.45; 2.44) (0.07; 0.15) (-0.12; -0.01) (0.55; 1.20)

BG 1980-2024 -0.20 <0.0001 1992-2024  0.61 00572  2010-2024 -0.02 0.9598 1980-2024 -0.13 00004 2010-2024 112 00288 1980-2024 -0.18 00012 1993-2024 -0.03 0.6071
(-0.25; -0.16) (-0.09; 1.16) (-0.55; 0.53) (-0.20; -0.05) (0.15; 1.70) (-0.29; -0.07) (-0.18; 0.12)

HR 19922024 032 <0.0001 2007-2024  -0.30 00052 2002-2024 053 <0.0001 1992-2024  -0.01 0.6027 20212024 527 03011 1992-2024 026 <0.0001 1992-2024 -0.01 0.6027
(0.27; 038) (-0.62; -0.08) (0.30; 0.71) (-0.07; 0.04) (-5.08; 16.79) (0.21; 031) (-0.07; 0.04)

(a7 1980-2024  1.95 <0.0001 1991-2024  4.88 <0.0001 2000-2024  5.11 <0.0001 1980-2024 250 <0.0001 20152024 -0.32 04219 1980-2024 214 <0.0001 1980-2024 250 <0.0001
(1.43; 2.50) (4.79; 5.02) (4.43; 5.83) (2.29;272) (-116; 0.53) (174; 2.65) (2:29; 2.72)

a 1993-2024  -0.40 <0.0001 2002-2024  0.00 0.9666 2002-2024 -0.50 <0.0001 1993-2024 -0.32 <0.0001 Data NA 1993-2024 -0.43 <0.0001 1993-2024 -0.32 <0.0001
(-0.47; -035) (-0.12; 0.13) (-0.62; -0.38) (-0.44; -017) (-0.52; -038) (-0.44; -0.17)

DK 1980-2024  0.29 <0.0001 Data NA 1993-2024  0.64 0.0004 1987-2024  0.60 <0.0001 2009-2024  0.84 <0.0001 1980-2024 -0.02 0.4555 1987-2024  0.60 <0.0001
(0.20; 0.40) (0.45; 0.96) (0.48; 0.73) (0.62; 1.08) (-0.10; 0.03) (0.48; 0.73)

EE 1993-2024 039 <0.0001 2004-2024 -0.63 <0.0001 2004-2024 672 <0.0001 1993-2024  0.46 <0.0001 20102024 -0.61 <0.0001 1993-2024  0.56 <0.0001 1993-2024  0.46 <0.0001
(0.33; 0.45) (-0.80; -0.47) (5.81; 8.06) (0.36; 0.58) (-0.93; -0.29) (0.47; 0.64) (0.36; 0.58)

Fl 1980-2024  -0.02 0.5811  Data NA 1992-2024 -0.22 <0.0001 19812024  0.67 <0.0001 20102024  0.61 <0.0001 1980-2024 -0.01 09846 1981-2024  0.67 <0.0001
(~0.07; 0.04) (-0.28; -0.11) (0.62; 0.72) (0.52; 0.74) (-0.12; 0.13) (0.62; 0.72)

FR 1980-2024  0.48 <0.0001 1998-2024 534 <0.0001 1998-2024  0.65 0.0004 1983-2024  4.48 <0.0001 2008-2024  0.44 01212 1980-2024  0.48 <0.0001 1983-2024  4.48 <0.0001
(0.38; 0.61) (4.98; 5.72) (0.47; 0.89) (4.32; 4.61) (-0.14; 1.13) (0.41; 0.58) (4.32; 4.61)

DE 19812024  -0.17 0.0284 1993-2024 561 <0.0001 19912024 115 <0.0001 1980-2024  2.84 <0.0001 2012-2024 1136 <0.0001 1980-2024  0.19 0004 19912024  0.82 <0.0001
(-0.33; -0.02) (5.26; 5.86) (0.97; 1.26) (2.44; 3.17) (7.74; 16.09) (0.06; 031) (0.69; 0.96)

EL 1980-2024 052 00104 1991-2024 638 <0.0001 1994-2024 12.95 <0.0001 1984-2024  0.91 0.07 20112024 120 <0.0001 1980-2024  0.13 0.0468 1995-2024  0.80 <0.0001
(0.15; 0.83) (4.59; 8.40) (11.32; 14.11) (-0.37; 233) (1.02; 1.34) (0.00; 0.26) (0.50; 0.99)

HU 1980-2024  0.00 0.0028 Data NA 1999-2024  0.00 0078  1980-2024  0.00 0.0028 Data NA 19802024  0.02 00368 1989-2024  0.00 0.2679
(0.00; 0.00) (0.00; 0.00) (0.00; 0.00) (0.01; 0.04) (0.00; 0.00)

IE 1980-2024 230 <0.0001 2010-2024  3.97 00012  1997-2024  0.67 <0.0001 1983-2024  6.09 <0.0001 20102024  3.73 00012 1980-2024 055 <0.0001 1983-2024  6.09 <0.0001
(2.09; 2.56) (1.90; 5.27) (0.59; 0.74) (5.23; 7.15) (179; 4.96) (0.39; 0.75) (5.23; 7.15)

T 19902024 031 0.03 1991-2024  0.00 07143  2000-2024 222 <0.0001 1990-2024  2.18 <0.0001 2008-2024 253 <0.0001 1983-2024  0.03 07818 19902024 218 <0.0001
(0.12; 0.54) (-0.03; 0.04) (2.12; 2.36) (2.02;2.33) (232;273) (-0.13; 0.17) (2.02; 233)

Lv 1992-2024  0.43 00248 1997-2024 125 <0.0001 1994-2024  6.56 <0.0001 1992-2024 021 00148 2011-2024 210 00292 1992-2024  0.09 02779 1993-2024  0.69 <0.0001
(0.17; 0.72) (1.08; 1.55) (4.73; 8.23) (0.05; 0.44) (0.18; 4.10) (-0.07; 0.25) (0.53; 0.88)

LT 19922024 041 <0.0001 19982024  0.61 <0.0001 1999-2024 16.85 <0.0001 1992-2024 -0.16 <0.0001 2016-2024  0.50 00716 1992-2024  0.05 03103 19922024 -0.16 <0.0001
(0.33; 0.50) (0.28; 0.84) (15.87; 17.79) (-0.20; -0.11) (-0.04; 0.86) (-0.06; 0.16) (-0.20; -0.11)

Ly 19832024  0.86 <0.0001 1997-2024 257 <0.0001 1997-2024 052 <0.0001 1983-2024 230 <0.0001 2008-2024 074 <0.0001 1983-2024 0.3 <0.0001 1995-2024 038 <0.0001
(0.72; 1.03) (2.27; 2.80) (0.51; 0.53) (2.21; 2.40) (0.53; 1.02) (0.21; 0.25) (0.27; 0.47)

MT 19842024 229 0012  2003-2024 053 0.0044 19962024 331 <0.0001 1984-2024 659 <0.0001 20212024  18.57 02492 19812024  0.48 <0.0001 1985-2024  5.69 <0.0001
(1.46; 338) (0.17; 0.81) (3.03; 3.58) (5.67; 7.74) (-830; 53.43) (032; 0.62) (4.76; 6.86)

NL 1980-2024  -0.12 <0.0001 2011-2024 14.26 <0.0001 1997-2024 -0.30 <0.0001 1980-2024 -0.08 0.0004 2009-2024 -0.68 <0.0001 1980-2024 -0.12 <0.0001 1980-2024 -0.08 0.0004
(-0.15; -0.10) (11.38; 18.09) (-0.34; -0.26) (-0.11; -0.04) (-0.85; -0.55) (-0.15; -0.10) (-0.11; -0.04)

PL 19802024 -0.04 0.0016 1991-2024 14.60 <0.0001 2005-2024  8.95 <0.0001 1980-2024 -0.01 0.6335 2018-2024 525 0.0048 1980-2024 -0.22 <0.0001 1988-2024 -0.07 <0.0001
(-0.06; -0.02) (13.81; 15.51) (7.68; 10.78) (-0.05; 0.02) (1.43; 838) (-0.26; -0.19) (-0.10; -0.05)

PT 1980-2024 072 <0.0001 19952024  9.23 <0.0001 1998-2024  0.17 0.0008 1980-2024  1.44 <0.0001 2016-2024  3.04 <0.0001 1980-2024  4.17 <0.0001 1984-2024 169 <0.0001
(0.62; 0.81) (7.80; 10.08) (0.07; 031) (1.25; 1.64) (1.44; 4.09) (3.79; 4.44) (1.46; 1.89)

RO 1985-2024 -036 <0.0001 1996-2024 -0.81 <0.0001 2011-2024 -0.93 <0.0001 1983-2024 -0.04 0.4559 2019-2024 -2.43 0002 19852024 -0.25 <0.0001 2002-2024 -1.06 <0.0001
(-0.44; -0.27) (-0.92; -0.71) (-1.42; -0.45) (-0.15; 0.07) (-3.94; -0.91) (-033; -0.17) (-1.16; -0.97)

SK 19942024  -0.11 <0.0001 2000-2024  -0.10 <0.0001 1996-2024 1167 <0.0001 1994-2024 -0.15 <0.0001 2009-2024 -0.19 <0.0001 1994-2024 -0.07 0.0004 1994-2024 -0.15 <0.0001
(-0.12; -0.10) (-0.12; -0.08) (9.16; 13.22) (-0.19; -0.11) (-0.25; ~0.13) (-0.10; ~0.05) (-0.19; -0.11)

SL 1992-2024 -0.33 <0.0001 20212024 137 0.01 2001-2024  -0.15 0122 1992-2024 013 00872 20152024 133 00512 1992-2024 -035 <0.0001 1992-2024  0.13 0.0872
(-0.45; -0.23) (0.25; 2.48) (-0.34; 0.08) (-0.02; 0.27) (-0.01; 2.68) (-0.48; -0.23) (-0.02; 0.27)

ES 19842024  0.28 00104 1996-2024  0.48 <0.0001 1998-2024  0.66 <0.0001 19812024 573 <0.0001 2017-2024 030 04135 1984-2024 0.0 00044 19812024 573 <0.0001
(0.12; 0.44) (0.33; 0.62) (0.55; 0.80) (5.34; 6.20) (-036; 0.83) (0.08; 0.40) (534; 6.20)

SE 1980-2024  -0.11 <0.0001 2011-2024 975 <0.0001 1991-2024  1.46 <0.0001 1980-2024  0.09 00012 2008-2024 224 0.0008 1980-2024 -0.08 <0.0001 1982-2024  0.00 0.963
(-0.15; -0.09) (9.18; 10.53) (1.10; 1.68) (0.05; 0.13) (1.09; 2.97) (-0.12; -0.06) (-0.04; 0.03)

In bold p < 0.00027; NA, not applicable; Data NA, data not available; DTP-3, Diphtheria, Tetanus, and Pertussis
(third dose); HEPB-3, Hepatitis B
(third dose); HIB-3, Haemophilus influenzae type b
(third dose); MCV-1, Measles-containing vaccine
(first dose); PCV-3, Pneumococcal conjugate vaccine
(third dose); POL-3, Poliovirus vaccine
(third dose); RCV-1, Rubella-containing vaccine
(first dose).

Table 1: AAPC by antigen and country.
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Antigen Significant  Non- Significant  Non-Significant No Total
increase Significant decrease decrease variation
increase
DTP-3 9(3333%) 6 (22.22%) 7 (25.93%) 4 (14.81%) 1(370%) 27
HEPB-3 14 (5833%) 5 (16.67%) 3 (12.50%) 1 (4.17%) 2 (833%) 24
HIB-3 17 (62.96%) 3 (11.11%) 4 (14.81%) 2 (7.41%) 1(3.70%) 27
MCV-1 13 (48.15%) 5 (18.52%) 3(1111%) 5 (18.52%) 1(370%) 27
PCV-3 8 (33.33%) 11 (45.83%) 3 (12.50%) 2 (8.33%) 0 (0.00%) 24
POL-3 8 (29.63%) 7 (25.93%) 6 (22.22%) 6 (22.22%) 0 (0.00%) 27
RCV-1 16 (59.26%) 1 (3.70%) 5 (18.52%) 3 (11.11%) 2 (7.41%) 27
DTP-3, Diphtheria, Tetanus, and Pertussis (third dose); HEPB-3, Hepatitis B (third dose); HIB-3, Haemophilus
influenzae type b (third dose); MCV-1, Measles-containing vaccine (first dose); PCV-3, Pneumococcal conjugate
vaccine (third dose); POL-3, Poliovirus vaccine (third dose); RCV-1, Rubella-containing vaccine (first dose).
Table 2: AAPC by antigen.
Country  Metric DTP-3 HEPB-3  HIB-3 MCV-1  PCV-3 POL-3 RCV-1
AT Trend A -374 133 -33 35.95 Data NA  -3.77 35.95
Trend B -0.27 -1.08 0.16 1.44 Data NA -0.27 144
Final coverage  85% 85% 85% 90% 85% 90%
BE Trend A 5.92 380.87 120.89 124 0.32 0.49 0.87
Trend B 0.07 1.94 0.09 0.85 0 -0.04 NA
Final coverage  97% 97% 97% 96% 94% 98% 96%
BG Trend A -0.2 11.69 -0.02 -0.13 13.41 -0.18 031
Trend B NA -0.09 NA NA -0.8 NA -0.35
Final coverage  94% 94% 94% 94% 91% 94% 94%
HR Trend A 0.5 137 9.34 0.49 5.27 0.46 0.49
Trend B -031 -0.52 -0.31 -0.46 NA -0.3 -0.46
Final coverage  92% 91% 92% 90% 89% 92% 90%
cY Trend A 50.27 156 18.71 44.52 -0.32 48.97 44.52
Trend B 0.15 -0.18 -0.02 0.23 NA 0.14 0.23
Final coverage  94% 94% 94% 99% 82% 94% 99%
z Trend A -0.38 -0.49 -0.47 -0.55 Data NA  -0.45 -0.55
Trend B -4.76 -4.38 -4.41 -3.75 Data NA -4.46 -3.75
Final coverage  86% 86% 86% 89% Data NA 86% 89%
DK Trend A -1.55 Data NA -0.85 -3.13 2.67 1.07 -3.13
Trend B 0.58 Data NA  0.59 0.79 0.38 0 0.79
Final coverage  96% Data NA 96% 94% 96% 96% 94%
EE Trend A -036 -0.27 97.93 -0.23 Data NA -0.28 -0.23
Trend B -3.77 -229 -0.36 -1.13 Data NA -2.96 -1.13
Final coverage  81% 81% 81% 83% 87% 81% 83%
FI Trend A -2.97 DataNA -3.32 0.19 -0.61 -293 019
Trend B 0.17 Data NA 0.19 -0.3 NA 0.16 -0.3
Final coverage  91% Data NA  91% 94% 96% 91% 94%
FR Trend A 4.82 11.47 2.62 2.02 0.08 =224 2.02
Trend B -0.04 134 -0.06 0.47 0.76 0.37 0.47
Final coverage  96% 96% 96% 95% 75% 96% 95%
DE Trend A 4.97 21.48 221 5.19 11.4 8.11 0.91
Trend B -0.24 0.08 -0.24 0.22 -1.03 -026 -0.04
Final coverage  89% 85% 88% 96% 90% 88% 96%
(Table 3 continues on next page)

with four or more decreasing vaccination coverage
(Table 4). The most severe worsening in vaccination trends
was observed in Bulgaria, Cyprus, Ireland, The
Netherlands, Romania, and Sweden, each showing seven

decreasing trends, while Croatia, Czechia, Estonia,
Lithuania, and Slovakia, each recorded six decreasing
trends.

Five countries exhibited moderately negative pat-
terns, with four to five decreasing coverages: Belgium,
Greece, and Slovenia (four decreases each), and
Germany and Spain (five decreases each).

In contrast, Hungary (six increasing trends) and Lux-
emburg (six increasing, one decreasing) emerged as the
best performers, followed by Denmark (five increasing
trends, one decreasing), and Portugal (five increasing, two
decreasing). France, Italy, Latvia, Malta, and Poland dis-
played a relatively balanced pattern, with four increasing
and three decreasing trends. Finally, Austria and Finland
each had three positive and three negative trends.

Vaccination coverage trends by antigen
Considering the changes between trends A and B for each
antigen, most vaccines showed predominantly decreasing
patterns across EU countries, with MCV-1 and RCV-1
showing the most favorable evolution (Fig. 1, Table 4).

The most marked decline was observed for HIB-3
and POL-3, each with 20 countries showing
decreasing trends, followed by HEPB-3 (18 countries),
and DTP-3 (17 countries). PCV-3 also exhibited a
mainly decreasing pattern, with 16 countries showing
declines, and RCV-1 (15 countries) while MCV-1
showed a more balanced situation, with 13 decreasing
and 14 increasing trends. Positive evolutions were less
frequent overall. The highest number of increasing
trends was observed for MCV-1 (n=14), followed by
RCV-1 (n=12), DTP-3 (n=10), PCV-3 (n=8), POL:3
(n=7), HIB-3 (n=7), and HEPB-3 (n=6).

Countries with the most pronounced recent
declines

The magnitude of decrease was heterogeneous by
country and antigen in the latest APC segment (Trend
B), as shown in Supplementary Table S5.

Czechia showed the highest level of decrease for
almost all antigens, all within the same period between
2022 and 2024, indicating a high level of deterioration
in coverage (DTP-3, HEPB-3, HIB-3, MCV-1, POL-3,
RCV-1). The Netherlands followed a similar path, with
APC showing marked reductions for almost all anti-
gens between 2021 and 2024 (DTP-3, HIB-3, PCV-3,
POL-3) and between 2020 and 2024 for MCV-1. Other
countries with marked decreases included Estonia,
where a drop in coverage was observed for DTP-3, be-
tween 2021 and 2024, for HEPB-3 between 2018 and
2024, and for POL-3 between 2020 and 2024.

Other marked decreases were observed in Romania
between 2019 and 2024 for HEPB-3 and RCV-1, as well
as Lithuania from 2017 to 2024, for MCV-1 and RCV-1.
Finally, Slovenia showed the largest decrease in PCV-3
coverage in the 2020-2024 period, as well as Ireland in
the 2012-2024 period.
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Trends during COVID-19 pandemic

Most of the latest APC segments identified by the
Joinpoint model started between 2019 and 2022, cor-
responding to the COVID-19 pandemic and its imme-
diate aftermath. Within these segments, declining
trends predominated across countries and antigens,
with 28 country-antigen combinations showing
decreasing trends and only 8 showing increasing
trends. Specifically, eight decreasing trends were
observed among segments starting in 2019, six de-
creases and one increase among those starting in 2020,
eight decreases and five increases among those starting
in 2021, and seven decreases and one increase among
those starting in 2022. The most marked declines were
identified in Czechia (from 2022 onwards), while de-
creases involving multiple antigens were also observed
in the Netherlands, Estonia, Romania, Slovakia, and
Sweden. Complete APC estimates and the corre-
sponding time periods are reported in Supplementary
Table S6.

Discussion

This study provides a comprehensive overview of
vaccination coverage trends across the 27 EU Member
States over more than four decades, highlighting the
heterogeneity of temporal dynamics and recent re-
versals in long-term positive trajectories. Overall, while
most countries have achieved and maintained high
coverage for several antigens, recent years have been
characterized by a slowdown or decline in vaccination
rates.

Our analysis revealed that although most countries
displayed an increase over the full period, the most
recent segmental analyses (trends A and B) indicated a
predominance of negative evolutions, with only a few
countries showing increasing trends in more than half
of the antigens, notably Hungary, Luxembourg,
Denmark, Portugal, France, Italy, Latvia, Malta, and
Poland.

Moreover, heterogeneous patterns across vaccines
were observed, with some (such as HIB-3, POL-3, and
DTP-3) displaying widespread and alarming decreases.
Changes in vaccination schedules over time, including
the transition from separate measles and rubella vac-
cines to combined MMR vaccines, may partly explain
differences observed between MCV-1 and RCV-1
coverage across countries and periods, particularly in
earlier years. These findings should be interpreted
alongside absolute coverage levels. Countries with high
baseline coverage may still appear to perform well
despite recent declines, while those with persistently
low coverage may face substantial public health risks
even in the presence of stable or improving trends.
Importantly, in countries with historically high
coverage, even modest reductions should be interpreted
as early-warning signals of potential immunization
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Country  Metric DTP-3 HEPB-3  HIB-3 MCV-1  PCV-3 POL-3 RCV-1
(Continued from previous page)
EL Trend A 12.68 146.64 21.03 1.9 87.54 0.13 0.91
Trend B 03 0.22 0.82 -0.43 0.34 NA -0.53
Final coverage  95% 92% 99% 91% 99% 95% 91%
HU Trend A 0 Data NA 0 0 1.84 0.15 0
Trend B NA Data NA  NA NA 0.02 0 NA
Final coverage  99% Data NA  99% 99% 99% 99% 99%
IE Trend A 2.09 37.15 0.69 105.12  40.28 142 105.12
Trend B -0.07 -0.72 -0.33 0.71 -136 -0.22 071
Final coverage  92% 92% 92% 90% 84% 92% 90%
IT Trend A 5.47 -0.91 4.06 10 0.87 5.9 10.0
Trend B 0 0.13 -0.11 0.45 -0.23 -015 045
Final coverage  94% 94% 95% 95% 90% 94% 95%
Lv Trend A 432 365.79 7133 -0.37 21 0.09 5.6
Trend B 0.03 039 1.08 0.43 NA NA -0.02
Final coverage  97% 99% 97% 98% 92% 97% 98%
LT Trend A 0.35 12.65 10.23 0.2 -0.28 0.52 0.2
Trend B -0.42 -034 -0.62 -135 29 -0.41 -1.35
Final coverage  89% 87% 89% 86% 87% 89% 86%
LU Trend A 0.88 -0.8 0.39 2.43 3.6 1.01 0.43
Trend B 0.02 0.32 0 0.3 0.17 -0.01 0.01
Final coverage  99% 98% 99% 99% 97% 99% 99%
MT Trend A 3742 517 11.02 101.67 18.57 9.56 138.47
Trend B 0.71 0.53 -0.17 1.22 NA -0.09 114
Final coverage  97% 97% 97% 88% 97% 97% 88%
NL Trend A 0.53 79.47 0.09 -0.38 -0.38 0.53 -0.38
Trend B -1.38 -0.21 -1.87 -1.34 -1.85 -138 -1.34
Final coverage  91% 89% 89% 89% 88% 91% 89%
PL Trend A -0.78 11.23 124.01 -0.91 19.22 -1.75 -0.91
Trend B 0.09 -0.53 0.09 0.39 -111 1.05 0.4
Final coverage  94% 87% 94% 92% 89% 86% 92%
PT Trend A 3.87 6.85 3.5 6.67 14.44 64.02 5.96
Trend B 0.16 0.14 0.16 0.2 -0.5 0.25 0.2
Final coverage  99% 99% 99% 99% 98% 99% 99%
RO Trend A 0.29 -0.72 -0.93 0.98 -2.43 0.55 1.29
Trend B -0.97 -2.72 NA -0.92 NA -0.93 -3.03
Final coverage  79% 79% 79% 78% 78% 79% 78%
SK Trend A 0.22 0.22 16.77 0.03 -0.97 0.23 0.03
Trend B -0.47 -047 -0.16 -0.31 0.02 -0.47 -031
Final coverage  96% 96% 96% 94% 96% 96% 94%
SL Trend A 0.87 137 0.75 0.13 6.54 0.46 0.13
Trend B -0.56 NA -0.55 NA -4.83 -0.62 NA
Final coverage  90% 90% 90% 95% 56% 90% 95%
ES Trend A 0.74 6.83 6.76 21.6 2.63 1.36 21.6
Trend B -017 -0.2 -0.11 0.27 -0.62 -0.2 0.27
Final coverage  94% 94% 94% 97% 92% 94% 97%
SE Trend A -0.04 2249 29.99 0.13 23.87 -0.07 0.13
Trend B -0.66 -0.11 -0.15 -11 -0.52 -0.9 -1.1
Final coverage  96% 95% 95% 93% 94% 95% 93%

In bold significant trends (p < 0.00027); NA, not applicable; Data NA, data not available; DTP-3, Diphtheria,
Tetanus, and Pertussis (third dose); HEPB-3, Hepatitis B (third dose); HIB-3, Haemophilus influenzae type b

(third dose); MCV-1, Measles-containing vaccine (first dose); PCV-3, Pneumococcal conjugate vaccine (third
dose); POL-3, Poliovirus vaccine (third dose); RCV-1, Rubella-containing vaccine (first dose).

Table 3: APC for trend A and trend B, by country and antigen.
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Country DTP-3 HEPB-3 HIB-3 MCV-1 PCV-3 POL-3 RCV-1 Increasing Decreasing Data NA
AT mildly negative  negative mildly positive  mildly positive ~ Data NA mildly negative  mildly positive 3 3 1
BE mildly positive  negative negative mildly positive  negative negative positive 3 4 0
BG negative mildly negative  mildly negative  mildly negative  mildly negative  mildly negative ~ mildly negative 0 7 0
cy negative mildly negative  negative negative mildly negative  negative negative 0 7 0
z negative negative negative negative Data NA negative negative 0 6 1
DE negative mildly positive  negative mildly positive  negative mildly negative ~ mildly negative 2 5 0
DK mildly positive  Data NA mildly positive  mildly positive  negative mildly positive  mildly positive 5 1 1
EE negative mildly negative  negative mildly negative  Data NA negative mildly negative 0 6 1
EL mildly positive  negative mildly positive  mildly negative  negative mildly positive  mildly negative 3 4 0
ES mildly negative  negative negative mildly positive  mildly negative  mildly negative  mildly positive 2 5 0
Fl mildly positive ~ Data NA mildly positive  mildly negative  negative mildly positive  mildly negative 3 3 1
FR mildly negative  negative negative mildly positive  mildly positive  mildly positive  mildly positive 4 3 0
HR negative mildly negative  negative negative mildly positive  mildly negative  negative 1 6 0
HU mildly positive ~ Data NA mildly positive  mildly positive  mildly positive  mildly positive  mildly positive 6 0 1
IE mildly negative  negative mildly negative  negative negative mildly negative  negative 0 7 0
T mildly positive  mildly positive  negative mildly positive  mildly negative  mildly negative  mildly positive 4 3 0
LT negative negative mildly negative  mildly negative  mildly positive  negative mildly negative 1 6 0
LU mildly positive  mildly positive  mildly positive  positive mildly positive  negative mildly positive 6 1 0
Lv mildly positive  negative negative mildly positive  mildly positive  mildly positive  negative 4 3 0
MT negative mildly positive  negative positive mildly positive  mildly negative  positive 4 3 0
NL negative negative negative negative negative negative negative 0 7 0
PL mildly positive  mildly negative  negative mildly positive  mildly negative  positive positive 4 3 0
PT mildly positive  mildly positive  mildly positive  mildly positive  negative negative mildly positive 5 2 0
RO negative mildly negative  negative negative mildly negative  negative negative 0 7 0
SE negative mildly negative  negative mildly negative  negative negative negative 0 7 0
SK negative negative mildly negative  negative mildly positive  mildly negative  negative 1 6 0
SL mildly negative  mildly positive  negative mildly positive  negative mildly negative  mildly positive 3 4 0
Decreasing 17 18 20 13 16 20 15
Increasing 10 6 7 14 8 7 12

Data NA, data not available; DTP-3, Diphtheria, Tetanus, and Pertussis (third dose); HEPB-3, Hepatitis B (third dose); HIB-3, Haemophilus influenzae type b (third dose); MCV-1, Measles-containing

vaccine (first dose); PCV-3, Pneumococcal conjugate vaccine (third dose); POL-3, Poliovirus vaccine (third dose); RCV-1, Rubella-containing vaccine (first dose).

Table 4: Increasing and decreasing trends considering changes from trend A and trend B, by country and antigen.

system fragility. By providing a formal and comparable
assessment of trend changes, this analysis enables the
identification of recent reversals that may not be
apparent from visual inspection alone.

After decades of progressive improvement, vaccina-
tion coverage has recently stagnated or declined in a
substantial number of EU countries. This finding aligns
with previous reports from WHO and ECDC, which have
documented a plateauing of routine immunization rates
in Europe since the late 2010s. Consistent with these
reports, several of the most recent declining trends
identified in our analysis occurred during or immedi-
ately after the COVID-19 pandemic. However, although
this temporal overlap suggests a possible contribution of
disruptions associated with the pandemic, our analysis
was not designed to quantify the specific impact of the
pandemic on vaccination coverage.

The general decrease in vaccination coverage poses a
substantial threat to public health,”” mainly by weak-
ening herd immunity and thereby exposing an
increasing share of the population to vaccine-

preventable diseases, particularly those at higher risk,
such as infants, the elderly, and immunocompromised
individuals.” In addition to reducing herd protection,
declining vaccination coverage also compromises indi-
vidual immunity, increasing the risk of infection at both
population and individual levels. The potential conse-
quences include the resurgence of controlled diseases
and renewed outbreaks,” leading to increased hospital
admissions, higher healthcare costs, and additional
strain on an already overstretched workforce.>* Notably,
several countries maintaining coverage levels close to or
above 90% still exhibited recent declining trends. While
these levels may appear reassuring in absolute terms,
our findings suggest that such patterns may represent
early signals of weakening system performance.
Detecting these dynamics is crucial, as even small re-
ductions in coverage can rapidly translate into increased
susceptibility to outbreaks, particularly for highly
transmissible diseases.

The decline observed in recent years is likely
multifactorial, reflecting a complex interplay of
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Fig. 1: Recent vaccination coverage trends across European Union countries by antigen. Countries are classified as showing increasing (in
green) or decreasing (in red) trends according to changes between trend A and trend B.

political, scientific, social, and cultural dynamics that
have fueled vaccine hesitancy, even in high-income
settings.”” The rise of populist movements has
further complicated this landscape, as political polari-
zation has undermined trust in vaccination policies and
institutions.””

Moreover, inequities in access to vaccination remain
a persistent challenge. Disadvantaged populations are
disproportionately affected by structural, geographic,
and financial barriers to vaccination.” Ensuring that
vaccines are universally available and free of charge is
therefore a fundamental equity measure, one that has
consistently proven effective in improving coverage
rates, as financial barriers remain a major determinant
of low vaccination coverage.’'

Educational level is another well-documented
determinant of vaccine acceptance’”*’. Addressing
misinformation and knowledge gaps regarding vaccine
safety and efficacy should be a policy priority. Intro-
ducing structured educational programs at both
national and community levels, beginning in schools
and involving children, parents, and teachers, can foster
early awareness, promote health literacy, and build
lasting confidence in immunization.**

Making scientific evidence transparent, accessible,
and understandable to the general population is also a
crucial responsibility for public health professionals.**
As recommended by the WHO Europe,* insights into
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the barriers and enablers of vaccination should be
translated into targeted, evidence-based interventions
aimed at improving vaccine uptake. Healthcare pro-
fessionals play a pivotal role in this process, as their
knowledge, attitudes, and confidence are among the
strongest determinants of their patients’ willingness to
vaccinate.”

Geographical patterns in vaccination coverage within
the EU reflect differences in vaccination policies and
practices, including the role of mandatory vaccination.
Notably, countries such as Belgium, Hungary, France,
Germany, Italy, and Malta, which have implemented
some form of compulsory childhood vaccination,
generally display more favorable long-term trends in
coverage.****> While mandatory vaccination appears to
be an effective countermeasure to declining coverage,
these results should be interpreted with caution, given
the influence of contextual, cultural, and political factors
that are difficult to disentangle. Changes in vaccination
schedules over time, including the transition to com-
bined vaccines, may partly explain differences observed
between MCV and RCV coverage. In the 1970s, rubella
vaccination was primarily targeted at adolescent girls,
with the aim of preventing congenital rubella syndrome
rather than reducing transmission at the population
level. Subsequently, between the late 1980s and mid-
1990s, European Union countries progressively intro-
duced combined measles—smumps-rubella (MMR)
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vaccines, substantially modifying vaccination schedules
and strategies for these antigens.*

As widely recognized, prevention remains the only
truly effective strategy to contain highly contagious dis-
eases.” Strengthening vaccination coverage must
therefore be regarded as a public health priority. How-
ever, timely corrective action depends on the presence of
active monitoring and robust surveillance systems
capable of detecting and interpreting early warning sig-
nals.” In this regard, the continuous analysis of vacci-
nation coverage trends represents an essential
component of infectious disease surveillance, providing
the evidence base needed to guide policymakers, identify
areas of concern, and investigate underlying causes."

This study has some limitations that should be
acknowledged. First, we considered only the last two
trends identified by the Joinpoint model to classify
vaccination trajectories and countries. While this
approach may overlook earlier variations in long-term
patterns, we believe that the most recent segments
provide the most meaningful representation of the
current situation and policy-relevant dynamics. Second,
this study focused on temporal trend analysis and did
not incorporate additional sociodemographic or health
system variables. The Joinpoint regression relies solely
on aggregated annual vaccination coverage data at the
population level and does not allow for the identifica-
tion of underlying causes or contextual factors driving
observed changes in trends. Consequently, the associ-
ations between observed changes and specific explana-
tory variables could not be assessed, and future studies
integrating contextual and system-level factors are
needed to better understand the drivers of these pat-
terns. Moreover, although several countries experienced
changes in vaccination coverage during or after the
COVID-19 pandemic, the present analysis was not
intended to quantify the specific effect of the pandemic.
The Joinpoint approach identifies changes in trends
empirically rather than testing predefined events.
Future studies using interrupted time-series analyses or
models with pre-specified breakpoints could provide a
more direct assessment of the pandemic’s contribution
to changes in vaccination coverage.

Third, our analysis focused primarily on temporal
trends rather than absolute coverage levels. This means
that countries such as Greece and Sweden, which dis-
played predominantly negative trends, still maintained
high coverage levels, around or above than 90%.
Nonetheless, even within countries with high baseline
coverage, declining trends warrant careful attention, as
they may indicate emerging vulnerabilities.

Moreover, WUENIC estimates are based on
administrative and survey data, which may be affected
by reporting biases, including potential overestimation
of coverage and retrospective data revisions. Similarly,
differences in data availability across countries may
affect comparability of trends and should be considered

when interpreting results. This study focused on first-
year vaccinations, excluding other antigens and sched-
ules. While this approach ensures consistency in our
analysis, further studies should evaluate additional
vaccinations (e.g., MCV2, which is essential for measles
elimination). Finally, countries maintaining coverage
>95% and showing overall positive evolutions further
validate the consistency and robustness of our analytical
approach, confirming that trend-based analyses can
complement absolute coverage indicators in identifying
areas requiring public health attention.

Finally, vaccination coverage represents a bounded
proportion. Although alternative modeling approaches
(e.g., logit-based models) may be considered for pro-
portion data, the present study adopted the standard
log-linear Joinpoint methodology, which is specifically
designed to estimate APCs and AAPCs and represents
the established approach for trend analysis using the
Joinpoint Regression Program.

Conclusion

In recent years, vaccination coverage in most EU
countries has declined, reversing the positive trend
seen over the past forty years. This evidence calls for
systemic countermeasures at international, national,
and community levels, requiring a substantial coordi-
nated effort in which public health must play a leading
role by providing scientific support to policymakers,
communicating effectively, ensuring adequate educa-
tion, and increasing the knowledge and skills of
healthcare professionals on vaccines.
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