Vaccine 70 (2026) 128026

Contents lists available at ScienceDirect

Vaccine

o %

ELSEVIER journal homepage: www.elsevier.com/locate/vaccine

Check for

HPV vaccination coverage among children and adolescents in Greece using | %
national prescription data

Kalliopi Doulou ?, Flora Bacopoulou ", Athanasios Michos ¢, Anastasios Tsolakidis de
Kostas Mathioudakis ¢, Dimitris Zografopoulos, Georgia Kourlaba &

@ Msc in General Pediatrics and Pediatric Subspecialties: Clinical Practice and Research, Department of Medicine, National and Kapodistrian University of Athens, Athens
115 27, Greece

b Center for Adolescent Medicine and UNESCO Chair in Adolescence Health Care, First Department of Pediatrics, School of Medicine, National and Kapodistrian
University of Athens, Aghia Sophia Children’s Hospital, 11527 Athens, Greece.

¢ First Department of Pediatrics, School of Medicine, National and Kapodistrian University of Athens, Agia Sofia Children’s Hospital, 11527 Athens, Greece.

4 IDIKA SA - e-Government Center for Social Security Services, Athens 10551, Greece

¢ Department of Archival, Library and Information Studies, University of West Attica, Egaleo 12243, Greece

f Ministry of Health, Athens, Greece

& Department of Nursing, National and Kapodistrian University of Athens, 11527 Athens, Greece.

ARTICLE INFO ABSTRACT
Keywords: Background: To eradicate cervical cancer, the World Health Organization (WHO) targets 90 % human papillo-
Human papillomavirus mavirus (HPV) vaccination coverage in girls by the age of 15 until 2030. In Greece, data regarding how close the

Cervical cancer country is to meeting this target, is completely lacking.

HPV, . Objectives: To assess annual HPV vaccination coverage among individuals aged 9-15 years in Greece
Vaccination coverage

(2022-2024).
Adolescents

Children Methods: This is a retrospective, population-based cohort study using the Greek National Electronic Prescription
Database to record all HPV vaccine doses dispensed from 1/1/2019 to 31/12/2024. The annual vaccination
coverage was estimated as the proportion of eligible population receiving at least one dose or the full vaccination
scheme from January 1st, 2019, through December 31st of the respective reference year. Full vaccination scheme
by age 15 was defined — according to national recommendations - as two doses at a minimum interval of 6
months.

Results: From 2022 to 2024, the proportion of individuals 9-15 years old, who appropriately initiated vaccination
increased from 34.7 % (2022) to 41.4 % (2024) in girls and from 10.8 % (2022) to 31.4 % (2024) in boys. The
proportion of children who initiate HPV vaccination at the age of 9, increased from 3.5 % and 3.4 % in 2022 to
8.0 % and 7.4 % in 2024 in girls and boys respectively. Among girls turning 15, appropriate vaccine initiation
rate marginally exceeded 63.0 % throughout the study period while full vaccination coverage increased from
47.7 % in 2022 to almost 52.5 % in 2024.

Conclusion: Despite notable improvements in HPV vaccination uptake among adolescents in Greece between
2022 and 2024, coverage levels remain suboptimal relative to the WHO’s 90 % target. Limited early initiation
despite national recommendations starting at age 9, highlight the need for targeted strategies to promote timely
HPV vaccination and accelerate progress toward elimination goals.

1. Introduction infections remain asymptomatic and resolve spontaneously within 1-2
years. However, persistent infection with high-risk HPV strains is

The human papillomavirus (HPV) is the most common sexually responsible for the development of precancerous lesions in both men
transmitted infection of the reproductive tract. The 70-90 % of the HPV and women, which if not detected and managed in time, may progress to
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invasive malignancies in the affected areas. In women, 91 % of HPV-
related cancers concern cervical cancer, which according to the World
Health Organization (WHO), ranks as the fourth most common cancer in
terms of incidence and mortality and as such it is considered a significant
public health issue [1]. In fact, in 2022, it was estimated that there were
662.301 new cases of cervical cancer and 348.874 related deaths (9th
cause of cancer deaths in both sexes), worldwide [2]. According to WHO
department of data and analytics of June 2024, in Greece in 2021 there
was a crude death rate of 2.5 deaths per 100.000 population by cervical
cancer [3]. Moreover, in a nationwide observational cross-sectional
study conducted in Greece, the Grecoself study, data by self-sample
examination of HPV-DNA of 12.787 women showed that hrHPV prev-
alence was 8.3 % and high-grade cervical/vaginal disease or cancer
prevalence was 0.6 % [4]. Beyond cervical cancer, HPV is also impli-
cated in the development of anal, vulvar, penile, head and neck can-
cers—particularly oropharyngeal cancer—in both women and men.
Additionally, the virus causes benign lesions of the skin and mucous
membranes of the anogenital region, commonly known as genital warts
[1].

HPV vaccination has been in use since 2006, and all HPV vaccines
(HPV4/9/2) have been proven safe and highly effective in reducing the
incidence of HPV-related diseases [1]. It has significantly decreased the
incidence of cervical cancer and genital warts. The most substantial
benefits have been observed among girls vaccinated prior to exposure to
the virus [5,6]. As part of its global initiative to eradicate cervical cancer
as a public health threat, the WHO targets 90 % HPV vaccination
coverage in girls by the age of 15 until 2030 [7]. Vaccination could be
administered with all currently licensed bivalent, quadrivalent, and
nonavalent HPV vaccines. It is estimated that this strategy, if imple-
mented, will prevent 60,000 new cases of cervical cancer and 45,000
related deaths over the next 100 years.

In recent years, many countries have integrated HPV vaccination
into their National Immunization Programs (NIPs), targeting primarily
adolescent girls and, increasingly, boys. In Greece, HPV vaccination was
introduced in 2008, initially targeting girls aged 11-15 with a two-dose
schedule. Girls aged 15-26 were eligible for catch-up vaccination with
three doses. In 2019, the recommended vaccination age was adjusted to
11-12 years, while the upper age limit for catch-up- vaccination was
revised to 18 years. From March of 2022, boys were also added to the
eligible population, and the recommended vaccination age was adjusted
to 9-11 years, while catch-up eligibility remained up to 18 years of age.
The standard vaccination schedule consists of two doses administered
six months apart. The bivalent, quadrivalent, and nonavalent vaccines
have been used, with the nonavalent vaccine (HPV9) becoming pre-
dominant since March 2022 [8].

Monitoring the vaccination coverage of a population is of major
importance for informing public health strategies aiming at improving
vaccine uptake. Despite the free of charge availability of the vaccine for
eligible age groups, concerns have been raised regarding suboptimal
uptake since a recently published systematic review revealed that the
global HPV vaccination coverage remains significantly below the target
of 90 % [9]. Factors such as vaccine hesitancy, limited awareness, socio-
economic barriers, and gaps in primary care engagement may all
contribute to the observed trends [10-13].

To the best of our knowledge, there is a lack of published data in
Greece regarding HPV vaccination coverage and how close the country
is to meeting the 2030 WHO’s target. Most existing studies focus on
public and healthcare professionals’ knowledge and attitudes toward
the vaccine [10-15]. Therefore, a comprehensive and systematic
recording of HPV vaccination coverage is deemed necessary and as such
the objective of this study is to assess the annual HPV vaccination
coverage among children and adolescents aged 9-15 years in Greece
during the period 2022-2024, and to assess differences by age and sex,
based on cumulative vaccine uptake from January 1st, 2019 through the
end of each reference year. The findings of the study are intended to
support evidence-based policy decisions and contribute to the broader
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effort toward prevention of cervical cancer.

2. Material and methods
2.1. Study design and setting

This is a retrospective, population-based cohort study using the
Greek National Electronic Prescription Database, which runs under
surveillance of IDIKA S.A., on behalf of the Greek Ministry of Health. All
drugs prescribed through IDIKA’s system are reimbursed by the National
Organization for the Provision of Health Services (EOPYY), the largest
national health-care provider, reimbursing health expenses for almost
the entire Greek population. In Greece, an individual needs the Social
Security Number (AMKA), which is essential for identification and ac-
cess to electronic prescribing services, to receive an electronic
prescription.

To serve the objective of the present study, all electronic pre-
scriptions classified under the Anatomical Therapeutic Chemical (ATC)
codes: JO7BMO3 Gardasil® 9 (HPV types 6, 11, 16, 18, 31, 33, 45, 52,
58), JO7BMO01 Gardasil® (HPV types 6, 11, 16, 18), and JO7BM02
Cervarix® (HPV types 16, 18), during the period 1/1/2019 to 31/12/
2024 (data capturing period), were initially extracted from IDIKA’s
system.

Moreover, to estimate the total eligible population for HPV vacci-
nation, data was obtained from the national AMKA registry, which in-
cludes all individuals with active health coverage in the country.

Permission to use anonymized data was obtained by the Ministry of
Health, in accordance with the national legislation on the Protection of
Individuals with regards to the Processing of Personal. The protocol of
the study was approved by the Ethics Committee of the Medical School
of National and Kapodistrian University of Athens (registration number
1057/30.06.2025) and the research was conducted according to the
1964 Declaration of Helsinki and its later amendments.

2.2. Study population

Although vaccination data was available for the period 1/1/
2019-31/12/2024, analyses focused on the population of males and
females aged 9-15 years as of December 31 of each calendar year from
2022 to 2024, registered in the AMKA national registry before the age of
9. During this period, the revised NIP was fully in effect and data can be
considered complete. For annual cross-sectional analyses, children and
adolescents were grouped into seven dynamic age-defined cohorts,
consisting of individuals born in the seven consecutive years corre-
sponding to ages 9 through 15 (birth cohorts), for each reference year
(2022, 2023, 2024). For example, the study population of 2022 included
individuals born between 2007 and 2013, while the corresponding
population of 2023 included those born between 2008 and 2014,
respectively.

Each annual distinct age-defined cohort was assessed longitudinally,
and vaccination status at each reference year was determined cumula-
tively based on all HPV vaccine doses received from 1st January of 2019
up to and including December 31st of the respective reference year.
Since the IDIKA database does not contain information on the actual
administration of the vaccine, the prescription execution date was used
as a proxy.

2.3. Data collection

The following data were extracted for each prescription: month and
year of children’s birth, sex, ATC code, prescription issuance and
execution date. The following variables were analyzed from the National
AMKA Registry: place of birth and residence: municipality, region,
country, and AMKA issuance date.
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2.4. Definitions and outcomes

Individuals aged 9-15 years, during the period 2022-2024, were
considered to have appropriately initiated HPV vaccination if they had
received at least one dose of the HPV vaccine from January 1st, 2019,
through December 31st of the respective reference year. However, for
the reference year in which an individual turned 15, vaccination initi-
ation was considered appropriate only if the first dose was received
before the month of their 15th birthday, according to the WHO target for
full HPV vaccination by age 15 [7]. This criterion also aligns with the
NIP, which recommends a two-dose schedule only when the series is
initiated prior to age 15.

According to the Greek NIP, an individual was considered fully
vaccinated by age 15 in a given reference year if they had received two
HPV vaccine doses at least 6 months apart (operationalized as a mini-
mum of 5 months between the execution dates of the first- and second-
dose prescriptions), with the first dose administered before the month of
their 15th birthday and the second dose administered on or before
December 31 of the reference year, regardless of the year of initiation

[81.
2.5. Statistical analysis

Absolute (n) and relative frequencies (%) were used to summarize
coverage rates. At each reference year, the HPV vaccination coverage
was calculated, by sex and age, separately for: a) appropriate initiation
of vaccination, and b) full vaccination. Coverage was expressed as the
proportion of individuals in the corresponding age-defined cohort who
met the criteria for each vaccination status, as described above. Sub-
group analyses were conducted for individuals born in Greece and
those born in other countries. For the assessment of possible trends for
vaccination across the years, the Jonckheere-Terpstra test [16] was
used, while possible differences in the percentage of vaccination be-
tween residence regions were assessed using the Pearson’s Chi-squared
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test. Moreover, maps were generated using R v.4.2.0 and packages “sf”,
“ggplot2” and “dplyr”. And other analyses were conducted using STATA
v.17.

3. Results
3.1. Total eligible population for HPV vaccination

During the study period (2022-2024), the eligible population for
HPV vaccination fulfilling the inclusion/exclusion criteria, as mentioned
above, was children born between 2007 and 2015 and ranged between
115,095 in 2007 and 105,739 in 2015. Most of the study population was
born in Greece with this figure showing slight decrease over time (from
95.7 % in birth cohort of 2007 to 86.9 % in birth cohort of 2015)
(Table 1). The ~10 % decline in the eligible adolescent population
across successive birth cohorts reflects the well-documented contraction
in annual live births in Greece after 2008, resulting in smaller cohorts
entering adolescence during our study window [17].

3.2. HPV appropriate initiation of vaccination by year, sex and age

From 2022 to 2024, the proportion of individuals who appropriately
initiated vaccination (i.e. at the age of 9 to <15) progressively increases
for both sexes, with girls consistently exhibited higher vaccination
coverage than boys across all study years (p for trend < 0.001, Fig. 1,
Table S1). To be more specific, appropriate vaccination initiation
(coverage with at least one dose) increases from 34.7 % (2022) to 41.4 %
(2024) in girls and from 10.8 % (2022) to 31.4 % (2024) in boys (Fig. 1,
Table S1). Focusing on the sub-population of children aged 9-11 years —
the recommended age for HPV vaccination based on the revised NIP- it
seems that vaccination initiation rates are consistently low throughout
the study period, ranging from 8.1 % in 2022 to 18.6 % in 2024 (p for
trend < 0.001) in girls and from 6.6 % (2022) to 16.6 % (2024) in boys
(p for trend < 0.001).

Table 1
The eligible population for HPV vaccination fulfilling the inclusion/exclusion criteria of our study during the period 2022-2024.
Birth year
2007 2008 2009 2010 2011 2012 2013 2014 2015
Sex N = 115,095 N =121,817 N = 122,451 N =119,347 N =113,017 N =110,792 N= N= N=
- - - - - - 105,665 105,287 105,739
Male 59,407 (51.6 62,464 (51.3 62,934 (51.4 61,232 (51.3 58,079 (51.4 56,961 (51.4 54,553 54,229 54,536
%) %) %) %) %) %) (51.6 %) (51.5%) (51.6 %)
Female 55,688 (48.4 59,353 (48.7 59,517 (48.6 58,115 (48.7 54,938 (48.6 53,831 (48.6 51,112 51,058 51,203
%) %) %) %) %) %) (48.4 %) (48.5 %) (48.4 %)
. _ _ _ _ _ _ N= N= N=
Birth Country N = 115,090 N =121,813 N = 122,448 N =119,345 N = 113,015 N =110,791 105,663 105,287 105,737
Greece 110,092 116,444 116,470 112,789 104,677 100,116 94,015 92,092 91,844
(95.7 %) (95.6 %) (95.1 %) (94.5 %) (92.6 %) (90.4 %) (89.0 %) (87.5 %) (86.9 %)
10,675 (9.6 11,648 13,195 13,893
0, 0, 0, 0, 0,
Other 4998 (4.3 %) 5369 (4.4 %) 5978 (4.9 %) 6556 (5.5 %) 8338 (7.4 %) %) (11.0 %) (12.5 %) (13.1 %)

. - _ _ _ _ _ _ N= N= N=
Residence Region N = 114,871 N = 121,592 N =122,183 N = 119,076 N =112,815 N = 110,566 105,422 105,024 105,459
Attica 40,820 (35.5 43,577 (35.8 43,442 (35.6 42,558 (35.7 40,586 (36.0 40,629 (36.7 38,711 39,133 39,101

%) %) %) %) %) %) (36.7 %) (37.3 %) (37.1 %)
Central Greece 5062 (4.4 %) 5394 (4.4 %) 5475 (4.5 %) 5260 (4.4 %) 4901 (4.3 %) 4786 (4.3 %) 4580 (4.3%) 4491 (4.3%)  4412(4.2%)
Central Macedonia 20,442 (17.8 21,362 (17.6 21,501 (17.6 20,821 (17.5 19,698 (17.5 18,871 (17.1 18,161 17,500 17,582

%) %) %) %) %) %) (17.2 %) (16.7 %) (16.7 %)
Crete 7732 (6.7 %) 8227 (6.8 %) 8138 (6.7 %) 7904 (6.6 %) 7359 (6.5 %) 7465 (6.8 %) 6939 (6.6 %) 7043 (6.7 %) 7081 (6.7 %)
Ea:;?;xzzzd"ma 6208 (5.4%) 6488 (5.3%) 6640 (5.4%) 6421 (5.4%) 5955(5.3%) 5645 (5.1%) 5489(5.2%) 5308 (5.1%) 5495 (5.2%)
Epirus 3107 (2.7 %) 3228 (2.7 %) 3440 (2.8 %) 3397 (2.9 %) 3121 (2.8 %) 2974 (2.7 %) 2969 (2.8%) 2815(2.7%) 2859 (2.7 %)
Ionian Islands 2285 (2.0 %) 2525 (2.1 %) 2386 (2.0 %) 2297 (1.9 %) 2242 (2.0 %) 2184 (2.0 %) 2132(2.0 %) 2122 (2.0 %) 2088 (2.0 %)
North Aegean 2376 (2.1 %) 2492 (2.0 %) 2781 (2.3 %) 2811 (2.4 %) 2891 (2.6 %) 2966 (2.7 %) 2861 (2.7%) 3172(3.0%) 3467 (3.3 %)
Peloponnese 5703 (5.0 %) 5862 (4.8 %) 5883 (4.8 %) 5825 (4.9 %) 5374 (4.8 %) 5301 (4.8 %) 4900 (4.6 %) 4868 (4.6 %) 4727 (4.5 %)
South Aegean 4241 (3.7 %) 4451 (3.7 %) 4577 (3.7 %) 4361 (3.7 %) 4160 (3.7 %) 4251 (3.8 %) 4028 (3.8%) 4170(4.0%)  4138(3.9%)
Thessaly 7479 (6.5 %) 7988 (6.6 %) 7884 (6.5 %) 7664 (6.4 %) 7204 (6.4 %) 6700 (6.1 %) 6398 (6.1 %) 6262 (6.0 %) 6353 (6.0 %)
Western Greece 6738 (5.9 %) 7217 (5.9 %) 7244 (5.9 %) 7036 (5.9 %) 6848 (6.1 %) 6341 (5.7 %) 5943 (5.6 %) 5864 (5.6%) 5953 (5.6 %)

Western Macedonia 2678 (2.3 %) 2781 (2.3 %) 2792 (2.3 %)

2721 (2.3 %)

2476 (2.2 %) 2453 (2.2 %) 2311 (2.2%) 2276(2.2%) 2203 (2.1 %)

" N is different than that of the corresponding N for sex, due to missing data for residence region and birth country.
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Fig. 1. Percentage of individuals with appropriate initiation of vaccination* each reference year by sex *first dose administered between the age of 9 and the month
prior to their 15th birthday P for trend < 0.001 for both males and females, 9-15 yrs. & 9-11 yrs.

Examination of each age-defined cohorts within each reference year
revealed that the proportion of children found to initiate HPV vaccina-
tion at the age of 9, seems to increase in both sexes moving from 2022 to
2024. To be specific, coverage with at least one dose rose from 3.5 % and
3.4 % in 2022 to 8.0 % and 7.4 % in 2024, in girls and boys, respectively
(Fig. 2a & b, Table S1, p for trend < 0.001). Among girls turning 15, the
cumulative vaccination rate with at least one dose prior to their 15th
birthday (appropriate vaccination initiation) marginally exceed 63.0 %
throughout the study period (Fig. 2a, Table S1, p for trend = 0.398). In
contrast, among boys, the corresponding figure showed a remarkable
increase over time, ranging from 7.6 % (2022) to 38.2 % (2024) (Fig. 2b,
Table S1).

Stratified analysis by birthplace (Greece versus other than Greece
country) revealed that appropriate vaccination initiation was signifi-
cantly higher in individuals born in Greece compared to those born in
other countries for both males and females aged 9-15 years old across all
reference years. For example, appropriate vaccination initiation ranged
from 36.3 % (2022) to 44.2 % (2024) in girls aged 9-15 years born in
Greece and from 11.0 % (2022) to 11.9 % (2024) in those born in other
than Greece countries (Figs. S1 and S2).

Finally, stratified analysis by residence region indicated a great
variability on the vaccination initiation with lower percentages detected
on North and South Aegean and the higher percentages on Crete (p <
0.001 for both males and females). For example, the appropriate
vaccination initiation rate in girls turning 15 ranged from 51.9 % in
North Aegean to 72.0 % in Crete in 2024 (Fig. 3, p < 0.001). Similar
findings were detected in 2022 and 2023 in girls (p < 0.001 in both
years, Fig. 3) and in boys (Fig. S3).

3.3. Full vaccination by year, sex, and age

As for full vaccination rate, the age-specific cohort analysis showed
that among girls turning 15, full vaccination coverage increased from
47.7 % in 2022 to 53.1 % in 2023 and 52.5 % in 2024 (p for trend <
0.001), (Table 2). On the other hand, among boys in the same age group
a marked increase was observed from 1.0 % in 2022 to 27.7 % in 2024 (p

for trend < 0.001) (Table 2).

Focusing on children born in Greece, the full vaccination coverage
increased from 48.9 % (2022) to 54.2 % (2024) and from 1.0 % (2022)
to 28.7 % (2024) in girls and boys turning 15, respectively. The corre-
sponding figures for children born in countries other than Greece were
significantly lower.

Similarly to vaccination initiation, analysis revealed that the per-
centage of fully vaccinated children and adolescents presents a great
variability across the country with lower percentages detected on North
and South Aegean and the higher percentages on Crete (p < 0.001 for
both males and females). For instance, in 2024, the proportion of fully
vaccinated girls by age of 15 ranged between 40.7 % in North Aegean
and 61.9 % in Crete (Fig. 4) and in boys from 20.0 % to 32.7 %,
respectively (Fig. S4).

4. Discussion

This population-based study is the first one that provides robust es-
timates of HPV vaccination coverage in Greece, offering critical insights
into progress and gaps in vaccine uptake among adolescents aged 9-15
years in Greece, leveraging nationwide prescription data spanning from
2019 to 2024. Our results demonstrate a steady and encouraging in-
crease in both vaccination initiation and full coverage by age 15 be-
tween 2022 and 2024, for both sexes, with females consistently
exhibited higher vaccination rates than males. However, boys showed a
steeper increase, reducing the gender gap over time. Specifically, initi-
ation rate rose from 34.7 % (2022) to 41.4 % (2024) in girls aged 9-15
years, and from 10.8 % to 31.4 % in boys aged 9-15 years. The lower
vaccination coverage among boys in Greece is most likely explained by
their late inclusion in the NIP, which only began in March 2022.
Nonetheless, existing evidence [18] emphasizes the critical importance
of vaccinating boys, given their role as a reservoir of HPV genital
infection. This underlines the necessity of including males in HPV pre-
vention strategies to reduce HPV-related morbidity and mortality and to
achieve the goal of eliminating cervical cancer and other HPV-related
diseases.
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Stratified analysis by age revealed a clear age-related pattern of HPV
vaccine uptake and suggest delayed initiation of vaccination, despite
national recommendations promoting initiation from the age of 9. More
specifically, in 2024 only 18.6 % of girls and 16.6 % of boys in the
recommended initiation age of 9-11 years had received at least one
dose. This might be linked to the previous eligibility criteria of the NIP,
which had set the recommended age at 11-12 years until March 2022.
Moreover, this mirrors patterns observed in other high-income coun-
tries, where provider hesitancy and parental concerns drive delays in
early vaccination [9,19,20].

The highest coverage consistently observed among older adoles-
cents, reflecting the cumulative nature of the vaccination process. For
instance, HPV vaccination initiation by age 15 in girls consistently
slightly exceeded 63 %, whereas boys showed a dramatic increase from
7.6 % (2022) to 38.2 % (2024). Full vaccination reached at 52.5 % in
2024 among girls turning 15, while among boys, the corresponding
figure was 27.7 %.

When comparing the findings of the present study with those of other
WHO member countries, we revealed that HPV vaccination landscape in
Greece remains markedly behind. In 2023, in the USA by age 15, 77.0 %
of girls and 78.3 % of boys had received at least one dose of HPV
vaccination [21]. In Canada, the results from the childhood national
immunization coverage survey in 2019 revealed that the coverage with
at least one dose was 87.1 % and 73.0 % in 14-year-old girls and boys,
respectively [22]. In Australia, in 2021, a total of 80.3 % of girls and
77.2 % of boys had completed HPV vaccination schedule by 15 years of
age [23]. Compared to other European countries, data for the estimated
HPV vaccination coverage by age 15 for females in 2023, as documented
in a recent systematic review [9], indicate that coverage in Greece is, for
instance, significantly lower than Scandinavian countries where the
target of 90 % has been met, and other Mediterranean countries like
Cyprus & Italy (73 %), and Spain (90 %), but similar to Germany (66 %)
and higher to France (55 %). These findings indicate that despite the
provision of the vaccine free of charge, there is an urgency for designing
targeted intervention to enhance adherence with national and interna-
tional recommendations for HPV vaccination, achieving the 90 % target
of the WHO among girls under the age of 15 by the year 2030 [1]. While

this study did not directly assess the association between vaccination
coverage and HPV-related disease burden, previous research has
demonstrated that high vaccination uptake leads to substantial declines
in HPV infection, genital warts, and cervical precancer incidence,
underscoring the public health impact of achieving high coverage levels
[5,24].

In Greece, HPV vaccination is publicly funded but neither school-
delivered nor required for school entry, which may contribute to
lower coverage. International evidence suggests that school-entry re-
quirements can raise uptake in some U.S. jurisdictions [25,26], while an
international comparative review across high-income settings highlights
four effective policy families-mandates, provider/system incentives,
logistical enablers (including school delivery), and communication-with
the caveat that awareness-only approaches show limited, heterogeneous
impact and school delivery, though promising, requires careful organi-
zation [27]. Given legal constraints on DTC advertising of prescription
vaccines in the EU/Greek context, public communication should rely on
government-led disease-awareness, while a pilot school-based pro-
gramme (opt-out) paired with reminder/recall and provider prompts
could be a feasible pathway to accelerate initiation and completion in
Greece [28-31].

Stratified analysis by residence region and birthplace pronounce
geographic and sociodemographic inequalities, with the North and
South Aegean islands displaying the lowest coverage rates. This likely
reflects the inherent challenges associated with delivering preventive
health services to remote and insular populations. Previous studies in
Greece have documented significant regional inequalities in access to
primary care services, particularly in island or sparsely populated areas,
due to limited healthcare infrastructure, difficulty reaching specialized
care, and understaffed facilities [32-34]. This finding is aligned with
rural-urban gaps in vaccine coverage observed in high-income countries
such as the United States [35,36] and with the results of other childhood
immunization studies in Greece revealing that children in remote or
rural areas are consistently less likely to be fully vaccinated than their
urban peers [37]. This finding underscores the urgent need for targeted
and equity-oriented interventions, such as mobile health units, and
school-based interventions, to ensure that all children/adolescents are
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Table 2
Fully and partially vaccinated by reference year, birth year and sex.
Reference Birth Year Total Fully vaccinated = Partially
Year (age) population according to vaccinated
guidelines according to
guidelines

Males N (%) N (%)

2022 2007-2013 415,630 3870 (0.93 %) 41,113 (9.89 %)
;(337 as 59,407 572 (0.96 %) 3963 (6.67 %)
jsgs a4 62,464 959 (1.54 %) 8361 (13.39 %)
2 1
yggg as 62,934 763 (1.21 %) 8073 (12.83 %)
;(350 az 61,232 794 (1.30 %) 3/0)’355 161

0
2011 (11
yi) ¢ 58,079 489 (0.84 %) 5502 (9.47 %)
jf;z o 56,961 238 (0.42 %) 3047 (5.35 %)
2013 (9yrs) 54,553 55 (0.10 %) 1812 (3.32 %)
2023 2008-2014 410,452 04/4)’277 (10.79 05/3)'862 (13.12
0. 0
jfgs as 62,934 9606 (15.26 %) 6614 (10.51 %)
j:)s())g a4 62,934 9824 (15.61 %) 9966 (15.84 %)
f,rOS;O (13 61,232 01/0),616 (17.34 3/0),724 (17.51
0. ()
2011 (12 11,619 (20.01
ygs) ¢ 58,079 7490 (12.90 %) %)’6 9200
jf;z al 56,961 4076 (7.16 %) 7169 (12.59 %)
5353 o 54,553 2385 (4.37 %) 4722 (8.66 %)
2014 (9 yrs) 54,229 280 (0.52 %) 3048 (5.62 %)
2 (18. 1,802 (12.

2024 2009-2015 402,524 3/3’68 (18.55 05/0)’80 287
2009 (15 62,034 17,455 (27.74 6569 (10.44 %)
yrs) %)

2010 (14 61,232 18,241 (29.79 9128 (14.91 %)

yrs) %)

2011 (13 58,079 16,441 (28.31 9447 (16.27 %)

yrs) %)

52;2 (12 56,961 }/1),560 (20.29 3/0),577 (18.57
0. 0

2013 (11

yz)3 ¢ 54,553 6984 (12.80 %) 7000 (12.83 %)

f'fs;l‘ o 54,229 3623 (6.68 %) 5416 (9.99 %)

2015 (9yrs) 54,536 378 (0.69 %) 3665 (6.72 %)

Females N (%) N (%)

14 (20. 2 14.

2022 2007-2013 392,554 08/?)’8 4(2059 05/05)’ 48 (14.07
2007 (15 55,688 26,569 (47.71 8908 (16.00 %)
yrs) %)

2008 (14 59,353 27,001 (45.49 9554 (16.10 %)
yrs) %)
j;)s())9 (13 59,517 }/8),596 (31.24 ;1),204 (18.82
0. 0
f,ros;o az 58,115 7425 (12.78 %) 3/3)’796 (23.74
0
2011 (11
ySS) ¢ 54,938 965 (1.76 %) 7070 (12.87 %)
f'rosﬁz o 53,831 205 (0.38 %) 2973 (5.52 %)
2013 (9yrs) 51,112 53 (0.10 %) 1743 (3.41 %)
2023 2008-2014 387,924 09/5)’053 (24.50 05/6)’221 (14.49
0. 0
2008 (15 59,517 31,593 (53.08 7137 (11.99 %)
yrs) %)
2009 (14 59,517 26,480 (44.49 9250 (15.54 %)
yrs) %)
j:);o (13 58,115 n1/9),577 (33.69 3/1),036 (18.99
0. 0
2011 (12 10,360 (18.86 13,024 (23.71
o) 54,938 . .
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Table 2 (continued)

Reference Birth Year Total Fully vaccinated  Partially
Year (age) population according to vaccinated
guidelines according to
guidelines
2012 (11
yros) ¢ 53,831 4433 (8.24 %) 8123 (15.09 %)
52;3 (10 51,112 2336 (4.57 %) 4588 (8.98 %)
2014 (9yrs) 51,058 274 (0.54 %) 3063 (6.00 %)
2024 2009-2015 379.774 103,975 (27.38 53,265 (14.03
%) %)
2 1 1,252 (52.51
009 (15 59,517 31,252 (525 6555 (11.01 %)
yrs) %)
2010 (14 58,115 26,626 (45.82 8725 (15.01 %)
yrs) %)
2011 (13 54,938 20,961 (38.15 9352 (17.02 %)
yrs) %)
2012 (12 13,576 (25.22 11,607 (21.56
1
yrs) 53,83 %) %)
52;3 a1 51,112 7387 (14.45 %) 7621 (14.91 %)
2014 (1
yfs)4 (10 51,058 3804 (7.45 %) 5661 (11.09 %)
2015 (9yrs) 51,203 369 (0.72 %) 3744 (7.31 %)

adequately protected by vaccination programs.

In addition to regional disparities, vaccination coverage was mark-
edly lower among adolescents born outside Greece compared to their
Greek-born peers. Across all reference years and both sexes, children
born abroad demonstrated significantly lower HPV vaccination initia-
tion and completion rates. This finding likely reflects structural barriers
documented in EU/EEA settings-limited or disrupted access to primary
care, language and cultural obstacles, administrative/insurance hurdles,
and reduced outreach capacity-rather than intrinsic ethnic or religious
effects [38-41]. EU/EEA guidance explicitly recommends targeted
vaccination offers for newly arrived migrants, removal of access fric-
tions, language mediation, and delivery through schools/mobile ser-
vices, approaches shown to improve uptake in migrant populations [40].

The major strength of this study is that it is the first to provide
population-based estimates of HPV vaccination coverage in Greece,
using comprehensive nationwide prescription and registry data. To date,
no official or peer-reviewed national estimates have been available. This
gap is underscored by the findings of a recently published systematic
review, which did not report HPV vaccine coverage data for Greece,
highlighting the absence of publicly accessible or reliable national data
[9]. By addressing this evidence gap, our study offers an essential
baseline for evaluating progress in HPV vaccination uptake and
informing future public health strategies in Greece to achieve the global
target of WHO’s 2030 agenda.

Despite the uniqueness of this study, some limitations should be
acknowledged. First, the study relies on prescription data, and the
execution of prescription was used as a proxy of vaccine administration.
Given that some vaccines may be dispensed but not injected to children/
adolescents, this limitation might lead to overestimation of coverage.
Second, e-prescription database covers only vaccines reimbursed by
Greek sickness fund (EOPYY) and not those dispensed for free (i.e.
uninsured population) or those paid out of pocket, resulting in a po-
tential underestimation of coverage. Although Greek legislation pro-
vides access to public vaccination for uninsured minors, the absence of a
reliable population denominator for uninsured adolescents precludes
precise quantification of this potential bias [42]. Third, we did not have
access to the exact date of birth and as such, individuals were classified
as being appropriately initiated vaccination before turning 15 if they
had executed at least their first prescription for HPV vaccination the
month of their 15th birthday. This might have resulted in a slight
overestimation of this figure. Moreover, the availability of vaccination
data from January 1st, 2019, might have led to a slight underestimation
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Fig. 4. Percentage of fully vaccinated female individuals turning 15* in 2022 (a), 2023 (b) and 2024 (c). * Birth year: 2007 for the 2022 cohort. Birth year: 2008 for
the 2023 cohort. Birth year: 2009 for the 2024 cohort. Full vaccination: two doses with a minimum interval of 6 months.

of vaccination coverage for children born in 2007, who turned 12 in
2019, since prior to 2022, the NIP recommended HPV vaccination pri-
marily at ages 11-12, with 9 years being the minimum eligible age.
Finally, while the findings of this study may not be generalizable to
countries with different healthcare systems or vaccination strategies,
they offer critical insights for settings with similar public health struc-
tures and challenges.

To sum up, the findings highlight a steady increase in both initiation
and completion rates over time, particularly among males, yet reveal
persistent delays in early initiation and overall suboptimal coverage
-especially when benchmarked against international standards and the
WHO’s 90 % target for girls under 15 years by 2030. The observed
geographic and sociodemographic disparities further underscore the
need for targeted, culturally sensitive interventions, with emphasis on
timely vaccination beginning at age 9. Despite limitations inherent in
the use of prescription data, this study addresses a significant evidence
gap and provides a vital reference point for national vaccination policy
and programmatic planning toward HPV-related disease elimination.
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