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ABSTRACT

Introduction and aim of study: HPV infection is estimated to underlie 5.2% of all cancers.
These can affect the cervix, vagina, vulva, anus, penis and head and neck. The main aim of this
systematic review was to assess the current knowledge about primary prevention of HPV

infection and compare the vaccination data between European countries.

Materials and methods: The authors based this review paper on an extensive analysis of
scientific articles published in PubMed, Science Direct, UpToDate, Springer, Cochrane and
Google Scholar, vaccine reports from 2021 and later years, healthcare-oriented media reports

and government information pages.

Results: Currently, one of the most effective methods of dealing with HPV-dependent cancers
is primary prevention. It is estimated that vaccination can prevent up to 70% of cases of cervical
cancer, and with the 9-valent vaccine, this rate can increase to 90%. There are currently 3 types
of vaccines available on the market: 2-, 4- and 9-valent. A 2- or 3-dose vaccination schedule
can be followed depending on the age of the patient. The main target group of vaccination are
children between the ages of 9 and 14. However, adults up to the age of 45 may still gain some
benefits from the injection. A 1-dose regimen is under examination in order to increase
vaccination rates in regions with the highest incidence of HPV-associated cancers. Due to major
differences in vaccination programs and monitoring, it is difficult to compare vaccination

coverage in European countries.

Conclusion: The HPV vaccine is a very effective method of primary prevention. It is crucial to
improve the vaccination rates in European countries, including Poland, in order to lower the

incidence of HPV-dependent cancers.
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BACKGROUND

The high prevalence of human papillomavirus (HPV) infection makes this problem
extremely relevant in clinical practice. It has been calculated that in the sexually active
population, 91% of men and 85% of women will become infected with HPV during their

lifetime. [1]

Until now, more than 182 HPV types have been isolated. Of these, types 16, 18, 31, 33,
35, 39,45, 51,52, 56, 58 and 59 have the greatest oncogenic impact. Other types such as 6, and
11 are responsible for the development of benign lesions. [2] HPV is also responsible for the
development of cancers of the cervix, vagina, vulva, anus, penis and head and neck. [3] It is

estimated that up to 5.2 per cent of all cancers are linked to HPV infection. [4]

In 2022, approximately 660,000 cases of cervical cancer were documented worldwide,
establishing this type of neoplasm as the fourth most common type of cancer in women. [5] The
invention of HPV vaccines was a groundbreaking moment in the history of oncology. It has
been calculated that they can prevent up to 70% of cases of cervical cancer, and with the 9-

valent vaccine, this rate can increase to as much as 90%. [6]

MATERIALS AND METHODS

The authors based this review paper on an extensive analysis of scientific articles
published in PubMed, Science Direct, UpToDate, Springer, Cochrane and Google Scholar. For
vaccine coverage rate description, reports from 2021 and later years have been considered.
Healthcare-oriented media reports and government information pages have also constituted a

source of information.

PROPHYLACTIC VACCINES

The creation of many breakthrough vaccines against HPV, as well as poliomyelitis and
COVID-19 vaccines, among others, was made possible by work on the "HeLa" cell line. It was
initiated thanks to cancer cells collected from the cervix of 31-year-old Henrietta Lacks in 1951.
The cell line established shortly after her death is used to date in many experiments, including

cancer research. [7,8]



The European Union, following the EMA's (European Medicines Agency) standpoint,
has approved the promotion of 3 vaccines for the prevention of HPV infection. [9] Gardasil is
a 4-valent vaccine targeting HPV 6,11, 16 and 18, and was approved by the Food and Drug
Administration (FDA) in 2006. [10] It is dedicated to the prevention of high-grade Cervical
Intraepithelial Neoplasia (CIN 2/3), cervical cancer, high-grade Vulvar Intraepithelial
Neoplasia (VIN 2/3) and condyloma acuminata. [11] Cervarix is a 2-valent vaccine, which
protects against HPV 16 and 18 infections. The EMA approved the product in 2007 and the
FDA in 2009. It is an effective vaccine for the prevention of precancerous lesions of the genitals
and anus, as well as cervical cancer and anal cancer. Due to the lack of HPV 6 and 11 antigens,
it does not prevent lesions such as condyloma acuminata. [12,13] The last of these specimens
is Gardasil 9. It is a 9-valent vaccine that protects against infection with HPV serotypes 6, 11,
16, 18, 31, 33, 45, 52, 58. It was approved by the FDA in 2014. It provides protection against
precancerous lesions and cancers of the cervix, vulva, vagina and rectum caused by the types

of HPV virus contained in the vaccine, as well as against condyloma acuminata. [14]

The effect shared by all three vaccines is based on the introduction of the virus capsid
protein (L1 protein), produced using recombinant DNA techniques. It enables the avoidance of
a pathogenic effect. The genetic material of the virus is not introduced into the patient’s body
and thus the virus cannot replicate while the immunization of the patient is maintained.
Produced with yeast (Gardasil, Gardasil 9) or baculoviruses (Cervarix), L1 protein monomers
group into pentamers and then self-assemble into virus-like particles (VLPs). Administration
of such antigens to the patient enables the development of a humoral response by producing
appropriate neutralizing antibodies. They prevent the virus from entering the cell and,

consequently, from multiplying its genetic material in the vaccinated person.

An important aspect of vaccine efficacy is the resulting cross-immune response. Due to
similarities in the structure of the L1 proteins of different types of HPV, vaccinated individuals
may show immunity to infection not only with the type against which the vaccine is directed
but also against those not included in the vaccines. New prophylactic vaccines are being
developed, with the antigen in the form of the L2 protein of the virus capsid. It has less
immunogenic properties than the L1, but it is produced in a similar form by many types of the

HPYV virus, which would make it possible to create one vaccine against numerous types. [15]



THERAPEUTIC VACCINES

Current prophylactic vaccines available on the market do not show significant
therapeutic efficacy against pre-existing lesions caused by HPV infection. [12] Research is
underway on therapeutic vaccines that would rely more on a cellular than a humoral response,

as is the case with prophylactic vaccines.

One concept is based on the use of an attenuated vector in the form of a virus or bacteria
which would allow the gene encoding HPV-specific antigens (E6, E7) to enter the cell. This
would enable it to induce an immune response against the virus. This solution has its limitations
like high immunogenicity, which may pose a risk to the patient. In addition, the body's response

to the administered vector may be disproportionate to the effect on HPV-specific antigen. [12]

A second idea is to give the patient viral peptides or proteins that would be presented
via the major histocompatibility complex (MHC) to T lymphocytes after contact with dendritic

cells. However, these vaccines have shown relatively little immunogenicity in studies.

A third route to create a therapeutic vaccine is the use of nucleic acids. DNA-based
vaccines contain plasmids that encode viral antigens. When administered, the vaccine enters
the cell nucleus, allowing the production of antigens, which are then presented via MHC class
I to Tc lymphocytes. However, the low ability to self-replicate free DNA is the reason for its

low immunogenicity. A vaccine based on the virus' mRNA is also under study.

Researchers are also working on the use of dendritic cells to treat HPV infection. Two
strategies for obtaining such a vaccine are in development. The first involves in vitro cultured
dendritic cells, which would then be stimulated with E6/EF antigen. The second option is to
transfer dendritic cells, which had previously been transfected with a vector expressing viral
antigens, to the patients. The disadvantages of this concept are its high cost and the difficulty

of large-scale production. The above-mentioned vaccines are still in clinical trials. [12,16]

SCHEDULES AND RECOMMENDATIONS

In Poland, vaccination against HPV is possible from the age of 9. The vaccine is
administered intramuscularly in the shoulder muscle area. Dosage varies in different age groups
of patients. Until the age of 14, the basic regimen is a two-dose regimen regardless of the type

of vaccine. The recommended interval between the first and second dose is from 5 to 13 months.



If the minimum interval between injections is not observed, the regimen should be corrected,
and a third dose of the product should be given at an interval of at least 5 months after the first

dose and at least 3 months after the second dose.

If vaccination is started at age 15, the regimen includes an additional, third injection.

Intervals between doses depend on the type of the vaccine:

- for a bivalent vaccine, a schedule of 0, 1, 6 months is recommended;

- a quadrivalent or nonavalent vaccine should be given in a 0, 2, 6-month schedule. [17]

After the age of 26, the decision to vaccinate is made depending on the patient's
individual medical history. Patients up to the age of 45 can benefit from vaccination. [18] HPV
DNA testing is not recommended before qualifying for vaccination. A positive test result does

not disqualify from the injection. [19]

A recent WHO position paper mentions the single-dose regimen as potentially effective
in preventing HPV-16 and -18 infections. [20] In their randomized study, P. Basu et al.
demonstrated that a single dose of vaccine showed similar protective effects against persistent
HPV 16 and HPV 18 infection as 2 and 3-dose immunization schedules. [21] At present, there
are still insufficient data to evaluate adequately the efficacy and long-term immunity gained
from the single-dose regimen. [22] The introduction of a single-dose schedule would result in
organisational simplification and increased vaccination coverage, especially in low- and
middle-income countries, where the vast majority of cervical cancer cases worldwide are
diagnosed. [23] Vaccinability of the population could be increased by improving accessibility
to vaccines and reducing distribution costs. [24] In 2022, according to WHO recommendations,
each country had the option to introduce shortened vaccination schedules, i.e. 1-dose for 9-20-
year-olds and 2-dose for other patient groups, in order to increase the vaccination coverage of

the population. [20]

During pregnancy, HPV vaccination is not recommended, but there is no need for a
pregnancy test at the time of vaccine eligibility. [18] Breastfeeding is not a disqualifying
criterion — previously unvaccinated women should receive the vaccine. [19] Prophylactic
vaccination according to a three-dose schedule is recommended for immunocompromised

individuals due to their increased risk of HPV infection. [25]



The guidelines in secondary prevention after vaccination have not changed so far -
women should still undergo screening at 5-year intervals. This interval will not be changed until

new data on the effectiveness of vaccination in preventing CIN2+ lesions are available. [26]

EFFICACY

All HPV vaccines have significant immunogenicity and a high safety profile. In contrast
to the natural course of infection, vaccination results in tens to hundreds of times higher
antibody concentrations.[27] Several randomised trials have shown that vaccine efficacy is
higher in patients with negative HPV DNA status. If HPV-infected and HPV-uninfected women
were eligible for the study, efficacy was lower. [28] Children <16 years of age achieve higher
antibody levels compared to other age groups. A similar dependency also existed regarding the
gender of the patients - antibody levels were significantly higher in women compared to men.

[29]

According to studies, the bivalent vaccine reduces the risk of developing condylomata
acuminata by up to 95%, and the 2- and 4-valent vaccines show more than 90% effectiveness
in preventing HPV-related intraepithelial neoplasia. [30] An 11-year follow-up of patients
showed that the 2-valent vaccine was almost 100 % effective in preventing the development of
CIN2+ lesions in women who - prior to vaccine administration - had not been diagnosed with
HPV 16 and HPV 18. Remarkably, the protective effect was maintained throughout the entire
follow-up period. [31]

In the case of the 4-valent vaccine, vaccine efficacy of over 90% has been shown to last
for at least 10 years. [32] Warner K. Huh et al. conducted a study comparing the efficacy of the
4-valent and 9-valent vaccines in a female population aged 16-26 years. They showed that both
vaccines were comparably effective in preventing lesions caused by HPV 6,11,16 and 18. In
contrast, for lesions caused by HPV 31, 33, 45, 52, and 58, the efficacy of the 9-valent vaccine
was 97.4 %. [33] Furthermore, antibody levels against HPV 6, 11, 16 and 18 reached

comparable values with the 4- and 9-valent vaccines. [34]

Worldwide, it is estimated that the 9-valent vaccine can prevent up to 90% of cervical
cancers, 90% of vaginal and vulvar cancers associated with HPV infection, 70-85% of

CIN2/CIN3 lesions and about 90% of HPV-associated anal cancers and condylomas. [35]



HPYV VACCINATION COVERAGE IN EUROPEAN COUNTRIES

The organization of HPV vaccination programs varies vastly among European
countries. The first countries to introduce the HPV vaccine into their national immunization
schedules in 2006 and 2007 were Austria, Germany, France, Italy, and the UK.[36] On the
contrary, several countries such as Turkey, Ukraine, and Belarus have not yet included the
vaccination in any official immunization schedules or programs. [37] Additionally, in the last
three years, the following countries have decided to launch a national HPV vaccination
campaign: Kosovo (2024) [38], Poland (2023) [39], Albania (2022) [37,40], Serbia (2022)
[37,40] and Montenegro (2022) [40].

The vaccination coverage rates are difficult to compare, as target age groups differ
significantly between countries and in some cases official monitoring systems are unavailable.
According to the most recent accessible data, European countries with a coverage of above 80%
of female individuals in target groups, who have had the first dose of the vaccination
administered, are the UK [41], Denmark [42], Norway [43], Sweden [44], Iceland [45], Ireland
[46], Hungary [47], Lithuania [47], Portugal [47,48] and Spain [47,49]. All those countries have
also offered the male population the HPV vaccination within the national immunization
schedule [41,42,43,44,46,47,48,49,50]. Examples that are particularly worth mentioning in
terms of high vaccine uptake, are Sweden, Norway, Portugal, and Denmark. In the first two
countries, not only the first dose but also the final dose coverage rate in target groups in both
sexes exceeds 80% [43,44]. In Denmark and Portugal, only the first dose administration covers

above 80% of the targeted group in both sexes [42,47].

Some of the countries that introduced the vaccination first have a coverage rate that was
reported as insufficient by national institutions [51,53]. It had been estimated that until 2023
55% of French eligible girls younger than 15 years old have initiated, whereas 45% have
finished the vaccination course. In the male population, coverage rates for first and second-dose
administration in individuals under 15 were estimated at 26% and 16%, respectively [52]. Also,
the Robert Koch Institute (national German Disease Control and Prevention Institute) has
described the HPV vaccine uptake in Germany as low, based on data from 2021. Until that year
around 54% of German girls and 27% of German boys younger than 15 years old had been fully
vaccinated against HPV [53].



The countries with the lowest vaccination rates include those, which have started state-
funded vaccination programs only in the most recent three years. In some of them, a monitoring
system has not yet been developed. Albania and Poland have a coverage rate of vaccine
initiation in target groups of around 15 and 20%, respectively [54,55]. In Slovakia, 20% of
targeted girls and 6.2% of targeted boys aged 12-13 have completed the vaccination course
according to data from 2022 [56]. The lowest official coverage rates are observed in Bulgaria.
According to media reports the vaccine coverage for eligible girls in Bulgaria was 1,5% in 2023
without dose specification [57], while official reports from 2023 estimate coverage of around
6% for full vaccination scheme [47]. Unofficial estimations also highlight Romania as another
country with a potential deficient uptake. In a cross-sectional survey from 2023, only 22 women
out of 524 (4,2%) female respondents aged from 19 to 69 declared that they were HPV

vaccinated [58].

A lack of an official monitoring system may hinder an objective judgment of vaccination
coverage, as is also the case with Croatia and Greece. In light of unavailable official data, a
cross-sectional survey coverage rate is to be reported. In a Croatian survey from 2022 among
1,197 individuals aged 18-25 years only 18.3% of participants (25.0% of women and 11.7% of
men) reported that they were HPV vaccinated [59]. Regarding Greece, a study from 2022
investigated parents’ attitudes towards the HPV vaccine. The results revealed that only 35% of

children had received all the recommended doses [60].
CONCLUSIONS

Vaccination of children and screening tests constitute the basis of the elimination of
cervical cancer. The efficacy of the already existing vaccines is very high, which could raise
hope for a significant decrease in cervical cancer morbidity in the future. Further research
directions imply promising data regarding the increased valency of new vaccines. Currently,
vaccines, which may target more HPV types, are being investigated. Vaccination promotion
and focus on education regarding infection routes, mainly in countries with high cervical cancer

incidence and low vaccination coverage, are of relevance.
DISCLOSURE
Author's contribution:

Conceptualization: Julia Szydlik, Martyna Sliwinska, Agata Wiklifska, Katarzyna Wojtowicz

9



Methodology: Julia Szydlik, Martyna Sliwinska

Software: Agata Wiklinska, Katarzyna Wojtowicz

Check: Martyna Sliwinska, Agata Wiklinska

Formal analysis: Katarzyna Wojtowicz, Julia Szydlik

Investigation: Julia Szydlik, Martyna Sliwinska, Agata Wiklinska, Katarzyna Wojtowicz
Resources: Julia Szydlik, Agata Wiklinska

Data curation: Martyna Sliwinska, Katarzyna Wéjtowicz

Writing - rough preparation: Julia Szydlik, Martyna Sliwinska

Writing - review and editing: Agata Wiklinska, Katarzyna Wojtowicz
Visualization: Martyna Sliwinska, Julia Szydlik

Supervision: Katarzyna Wojtowicz, Agata Wiklinska, Julia Szydlik

Project administration: Martyna Sliwinska

All authors have read and agreed with the published version of the manuscript.
Funding Statement: The study did not receive special funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflict of Interest Statement: There is no conflict of interest for the authors.

Acknowledgments: Not applicable.

10



REFERENCES

[1] Chesson HW, Dunne EF, Hariri S, Markowitz LE. The estimated lifetime probability of
acquiring human papillomavirus in the United States. Sex Transm Dis. 2014;41(11):660-664.
doi:10.1097/0OLQ.0000000000000193

[2] Alhamlan FS, Alfageeh MB, Al Mushait MA, Al-Badawi 1A, Al-Ahdal MN. Human
Papillomavirus-Associated Cancers. Adv Exp Med Biol. 2021;1313:1-14. do0i:10.1007/978-3-
030-67452-6 1

[3] Wolf ], Kist LF, Pereira SB, et al. Human papillomavirus infection: Epidemiology, biology,
host interactions, cancer development, prevention, and therapeutics. Rev Med Virol.

2024;34(3):€2537. doi:10.1002/rmv.2537

[4] Forman D, de Martel C, Lacey CJ, et al. Global burden of human papillomavirus and related
diseases. Vaccine. 2012;30 Suppl 5:F12-F23. doi:10.1016/j.vaccine.2012.07.055

[5] Viveros-Carrefio D, Fernandes A, Pareja R. Updates on cervical cancer prevention. Int J

Gynecol Cancer. 2023;33(3):394-402. Published 2023 Mar 6. doi:10.1136/1jgc-2022-003703

[6] Serrano B, Alemany L, Tous S, et al. Potential impact of a nine-valent vaccine in human
papillomavirus related cervical disease. Infect Agent Cancer. 2012;7(1):38. Published 2012 Dec
29. doi:10.1186/1750-9378-7-38

[7] Hllah O, Olaitan A. Updates on HPV Vaccination. Diagnostics (Basel). 2023;13(2):243.
Published 2023 Jan 9. doi:10.3390/diagnostics13020243

[8] The Legacy of Henrietta Lacks. Johns Hopkins Medicine. Access 18.06.2024.

https://www.hopkinsmedicine.org/henrietta-lacks

[9] HPV. Public Health. Access 20.06.2024.

https://health.ec.europa.eu/vaccination/hpv_en#vaccination

[10] Merck & Company's Development of Gardasil | Embryo Project Encyclopedia. Home |
Embryo Project Encyclopedia. Access 20.06.2024. https://embryo.asu.edu/pages/merck-

companys-development-gardasil

11


https://www.hopkinsmedicine.org/henrietta-lacks
https://health.ec.europa.eu/vaccination/hpv_en#vaccination
https://embryo.asu.edu/pages/merck-companys-development-gardasil
https://embryo.asu.edu/pages/merck-companys-development-gardasil

[I1]  Language  selection | European  Commission. Access  20.06.2024.
https://ec.europa.cu/health/documents/community-

register/2006/2006092013509/anx_13509 pl.pdf

[12] Mo Y, Ma J, Zhang H, et al. Prophylactic and Therapeutic HPV Vaccines: Current
Scenario and Perspectives. Front Cell Infect Microbiol. 2022;12:909223. Published 2022 Jul 4.
doi:10.3389/fcimb.2022.909223

[13] Language  selection | European  Commission. Access  20.06.2024.
https://ec.europa.eu/health/documents/community-

register/2021/20210430151730/anx_151730_pl.pdf

[14] Language  selection |  European  Commission. Access  20.06.2024.
https://ec.europa.cu/health/documents/community-

register/2018/20180219140172/anx_140172_pl.pdf

[15] Yousefi Z, Aria H, Ghaedrahmati F, et al. An Update on Human Papilloma Virus Vaccines:
History, Types, Protection, and Efficacy. Front Immunol. 2022;12:805695. Published 2022 Jan
27. doi:10.3389/fimmu.2021.805695

[16] Ashique S, Hussain A, Fatima N, Altamimi MA. HPV pathogenesis, various types of
vaccines, safety concern, prophylactic and therapeutic applications to control cervical cancer,
and future perspective. Virusdisease. Published online May 24, 2023. doi:10.1007/s13337-023-
00824-z

[17] Nowakowski A, Jach R, Szenborn L, et al. Recommendations of the Polish Society of
Gynaecologists and Obstetricians, the Polish Paediatric Society, the Polish Society of Family
Medicine, the Polish Society of Gynaecology Oncology, the Polish Society of Vaccinology and
the Polish Society of Colposcopy and Cervical Pathophysiology for prophylactic vaccination
against human papilloma virus infections in Poland. Ginekologia i Perinatologia Praktyczna.

2022;7(2):81-91. [in Polish] Accessed July 15, 2024.

[18] Meites E, Szilagyi PG, Chesson HW, Unger ER, Romero JR, Markowitz LE. Human
Papillomavirus Vaccination for Adults: Updated Recommendations of the Advisory Committee
on Immunization Practices. MMWR Morb Mortal Wkly Rep. 2019;68(32):698-702. Published
2019 Aug 16. doi:10.15585/mmwr.mm6832a3

12


https://ec.europa.eu/health/documents/community-register/2006/2006092013509/anx_13509_pl.pdf
https://ec.europa.eu/health/documents/community-register/2006/2006092013509/anx_13509_pl.pdf
https://ec.europa.eu/health/documents/community-register/2021/20210430151730/anx_151730_pl.pdf
https://ec.europa.eu/health/documents/community-register/2021/20210430151730/anx_151730_pl.pdf
https://ec.europa.eu/health/documents/community-register/2018/20180219140172/anx_140172_pl.pdf
https://ec.europa.eu/health/documents/community-register/2018/20180219140172/anx_140172_pl.pdf

[19] American College of Obstetricians and Gynecologists' Committee on Adolescent Health
Care, American College of Obstetricians and Gynecologists' Immunization, Infectious Disease,
and Public Health Preparedness Expert Work Group. Human Papillomavirus Vaccination:
ACOG Committee Opinion, Number 809. Obstet Gynecol. 2020;136(2):e15-e21.
do0i:10.1097/A0G.0000000000004000

[20] World Health Organization. Human papillomavirus vaccines: WHO position paper,
December 2022. www.who.int. Published December 16, 2022. Accessed July 21, 2024.
https://www.who.int/publications/i/item/who-wer9750-645-672

[21] Basu P, Malvi SG, Joshi S, et al. Vaccine efficacy against persistent human papillomavirus
(HPV) 16/18 infection at 10 years after one, two, and three doses of quadrivalent HPV vaccine
in girls in India: a multicentre, prospective, cohort study [published correction appears in Lancet
Oncol. 2022 Jan;23(1):e16. doi: 10.1016/S1470-2045(21)00700-2]. Lancet Oncol.
2021;22(11):1518-1529. doi:10.1016/S1470-2045(21)00453-8

[22] Fokom-Defo V, Dille I, Fokom-Domgue J. Single dose HPV vaccine in achieving global
cervical cancer elimination. Lancet Glob Health. 2024;12(3):e360-¢361. do0i:10.1016/S2214-
109X(24)00009-3

[23] International Agency for Research on Cancer. Globocan 2020: cervical cancer incidence
and mortality worldwide 2020. https://gco.iarc.fr/today/online-analysis-multi-bars (accessed

Feb 15, 2023).

[24] Watson-Jones D, Changalucha J, Whitworth H, et al. Immunogenicity and safety of one-
dose human papillomavirus vaccine compared with two or three doses in Tanzanian girls
(DoRIS): an open-label, randomised, non-inferiority trial. Lancet Glob Health.
2022;10(10):e1473-e1484. doi:10.1016/S2214-109X(22)00309-6

[25] Garland SM, Brotherton JML, Moscicki AB, et al. HPV vaccination of
immunocompromised hosts. Papillomavirus Res. 2017;4:35-38. d0i:10.1016/j.pvr.2017.06.002

[26] Shastri SS, Temin S, Almonte M, et al. Secondary Prevention of Cervical Cancer: ASCO
Resource-Stratified  Guideline  Update. JCO  Glob  Oncol.  2022;8:¢2200217.
doi:10.1200/G0O.22.00217

13


http://www.who.int/
https://www.who.int/publications/i/item/who-wer9750-645-672
https://gco.iarc.fr/today/online-analysis-multi-bars

[27] Scherpenisse M, Schepp RM, Mollers M, Meijer CJ, Berbers GA, van der Klis FR.
Characteristics of HPV-specific antibody responses induced by infection and vaccination:
cross-reactivity, neutralizing activity, avidity and IgG subclasses. PLoS One.

2013;8(9):e74797. Published 2013 Sep 18. doi:10.1371/journal.pone.0074797

[28] Lu B, Kumar A, Castellsagué¢ X, Giuliano AR. Efficacy and safety of prophylactic vaccines
against cervical HPV infection and diseases among women: a systematic review & meta-

analysis. BMC Infect Dis. 2011;11:13. Published 2011 Jan 12. doi:10.1186/1471-2334-11-13

[29] Aldakak L, Huber VM, Riihli F, Bender N. Sex difference in the immunogenicity of the
quadrivalent Human Papilloma Virus vaccine: Systematic review and meta-analysis. Vaccine.

2021;39(12):1680-1686. doi:10.1016/j.vaccine.2021.02.022

[30] Hendrix SL. Assessing human papillomavirus vaccine efficacy and safety. J Am Osteopath

Assoc. 2008;108(4 Suppl 2):S8-S12.

[31] Porras C, Tsang SH, Herrero R, et al. Efficacy of the bivalent HPV vaccine against HPV
16/18-associated precancer: long-term follow-up results from the Costa Rica Vaccine Trial.

Lancet Oncol. 2020;21(12):1643-1652. doi:10.1016/S1470-2045(20)30524-6

[32] Kjaer SK, Nygard M, Dillner J, et al. A 12-Year Follow-up on the Long-Term
Effectiveness of the Quadrivalent Human Papillomavirus Vaccine in 4 Nordic Countries. Clin

Infect Dis. 2018;66(3):339-345. doi:10.1093/cid/cix797

[33] Huh WK, Joura EA, Giuliano AR, et al. Final efficacy, immunogenicity, and safety
analyses of a nine-valent human papillomavirus vaccine in women aged 16-26 years: a
randomised, double-blind trial. Lancet. 2017;390(10108):2143-2159. doi:10.1016/S0140-
6736(17)31821-4

[34] Joura EA, Giuliano AR, Iversen OE, et al. A 9-valent HPV vaccine against infection and
intraepithelial neoplasia in women. N Engl J Med. 2015;372(8):711-723.
doi:10.1056/NEJMoal1405044

[35] Garland SM, Pitisuttithum P, Ngan HYS, et al. Efficacy, Immunogenicity, and Safety of a
9-Valent Human Papillomavirus Vaccine: Subgroup Analysis of Participants From Asian

Countries. J Infect Dis. 2018;218(1):95-108. doi:10.1093/infdis/jiy133

14



[36] King LA, Lévy-Bruhl D, O'Flanagan D, Bacci S, Lopalco PL, Kudjawu Y, Salmaso S,
VENICE country specific gate keepers and contact points C. Introduction of human

papillomavirus (HPV) vaccination into national immunisation schedules in Europe: Results of

the VENICE 2007 survey. Eurosurveillance. 2008;13(33). doi:10.2807/ese.13.33.18954-en

[37] Davies P, Aluloski I, Aluloski D, Dizdarevic Maksumic A, Ghayrat Umarzoda S, Gutu V,
Ilmammedova M, Janashia A, Kocinaj-Berisha M, Matylevich O, Pidverbetskyy B, Rzayeva
G, Sahakyan G, Siljak S, Ten E, Veljkovic M, Yildirimkaya G, Y1li A, Zhylkaidarova A, Melnic
E. Update on HPV Vaccination Policies and Practices in 17 Eastern European and Central Asian
Countries and Territories. Asian Pac J Cancer Prev. 2023;24(12):4227-35.
doi:10.31557/apjcp.2023.24.12.4227

[38] World Health Organization (WHO). Kosovo* introduces HPV vaccine in immunization
schedule: outreach in schools and beyond to reach every girl. Access 11.07.2024.

http://www.who.int/azerbaijan/news/item/04-04-2024-kosovo--introduces-hpv-vaccine-in-

immunization-schedule--outreach-in-schools-and-beyond-to-reach-every-girl

[39] Krzysztoszek A. Poland last EU country to make HPV vaccine free of charge. 20.03.2023.

Access 29.06.2024. http://www.euractiv.pl/section/zdrowie/news/poland-last-eu-country-to-

make-hpv-vaccine-free-of-charge/

[40] World Health Organization (WHO). Equitable access to cervical cancer prevention in the
WHO European Region increases as 4 more countries introduce HPV vaccination. Access

11.07.2024. http://www.who.int/azerbaijan/news/item/16-11-2022-equitable-access-to-

cervical-cancer-prevention-in-the-who-european-region-increases-as-4-more-countries-

introduce-hpv-vaccination

[41] UK Health Security Agency. GOV.UK. Human papillomavirus (HPV) vaccination
coverage in adolescents in England: 2022 to 2023. Published 23.01.2024. Access 29.06.2024.

http://www.gov.uk/government/statistics/human-papillomavirus-hpv-vaccine-coverage-

estimates-in-england-2022-t0-2023/human-papillomavirus-hpv-vaccination-coverage-in-

adolescents-in-england-2022-t0-2023

[42] Statens Serum Institut. No 8/9 - 2023 - Update on the HPV vaccination programme. Access
29.06.2024. https://en.ssi.dk/news/epi-news/2023/n0-8-9---2023

15


http://www.who.int/azerbaijan/news/item/04-04-2024-kosovo--introduces-hpv-vaccine-in-immunization-schedule--outreach-in-schools-and-beyond-to-reach-every-girl
http://www.who.int/azerbaijan/news/item/04-04-2024-kosovo--introduces-hpv-vaccine-in-immunization-schedule--outreach-in-schools-and-beyond-to-reach-every-girl
http://www.euractiv.pl/section/zdrowie/news/poland-last-eu-country-to-make-hpv-vaccine-free-of-charge/
http://www.euractiv.pl/section/zdrowie/news/poland-last-eu-country-to-make-hpv-vaccine-free-of-charge/
http://www.who.int/azerbaijan/news/item/16-11-2022-equitable-access-to-cervical-cancer-prevention-in-the-who-european-region-increases-as-4-more-countries-introduce-hpv-vaccination
http://www.who.int/azerbaijan/news/item/16-11-2022-equitable-access-to-cervical-cancer-prevention-in-the-who-european-region-increases-as-4-more-countries-introduce-hpv-vaccination
http://www.who.int/azerbaijan/news/item/16-11-2022-equitable-access-to-cervical-cancer-prevention-in-the-who-european-region-increases-as-4-more-countries-introduce-hpv-vaccination
http://www.gov.uk/government/statistics/human-papillomavirus-hpv-vaccine-coverage-estimates-in-england-2022-to-2023/human-papillomavirus-hpv-vaccination-coverage-in-adolescents-in-england-2022-to-2023
http://www.gov.uk/government/statistics/human-papillomavirus-hpv-vaccine-coverage-estimates-in-england-2022-to-2023/human-papillomavirus-hpv-vaccination-coverage-in-adolescents-in-england-2022-to-2023
http://www.gov.uk/government/statistics/human-papillomavirus-hpv-vaccine-coverage-estimates-in-england-2022-to-2023/human-papillomavirus-hpv-vaccination-coverage-in-adolescents-in-england-2022-to-2023
https://en.ssi.dk/news/epi-news/2023/no-8-9---2023

[43] Norwegian Institute of Public Health. Vaccination for Human Papillomavirus (HPV)
(Indicator 22). Access 29.06.2024. https://www.thi.no/en/nc/Indicators-for-NCD/vaccine-and-

screening/hpv-vaccine-indicator-22/?term=

[44] Public Health Agency of Sweden - The Agency for Public Health. Childhood vaccinations
[in Swedish]. Access 29.06.2024

https://www.folkhalsomyndigheten.se/faktablad/barnvaccinationer/

[45] Iceland. Human Papillomavirus and Related Cancers, Fact Sheet 2023. ICO/IARC
Information Centre on HPV and Cancer. Access 29.06.2024.
https://hpvcentre.net/statistics/reports/ISL._FS.pdf

[46] Home - Health Protection Surveillance Centre. HPV/Tdap/MenC/MenACWY uptake

statistics - Health Protection Surveillance Centre. Access 29.06.2024. https://www.hpsc.ie/a-

z/vaccinepreventable/vaccination/immunisationuptakestatistics/hpvtdapmencmenacwyuptakes

tatistics/

[47] WHO/UNICEF estimates of Human papillomavirus immunization coverage, 2023
revision. WHO/UNICEF. Access 20.07.2024.

https://data.unicef.org/resources/dataset/immunization/

[48] Portugal. Human Papillomavirus and Related Cancers, Fact Sheet 2023. ICO/IARC
Information Centre on HPV and Cancer. Access 11.07.2024.
https://hpvcentre.net/statistics/reports/PRT FS.pdf

[49] HPV: the success of a vaccine to prevent cancer and why it is important to spread it
worldwide [in Spanish]. Farma Industria. Access 11.07.2024.
https://www.farmaindustria.es/web/wp-

content/uploads/sites/2/2024/03/Farmaindustria_VPH.pdf

[50] RUV. Girls and boys both to be offered protection of better HPV vaccine - RUV.is.
Published 03.10.2023. Access 11.07.2024. https://www.ruv.is/english/2023-10-03-girls-and-

boys-both-to-be-offered-protection-of-better-hpv-vaccine-392970

[51] Académie nationale de médecine | Une institution dans son temps — L'Académie nationale

de médecine a pour missions de répondre au Gouvernement sur la santé publique, de contribuer

16


https://www.fhi.no/en/nc/Indicators-for-NCD/vaccine-and-screening/hpv-vaccine-indicator-22/?term=
https://www.fhi.no/en/nc/Indicators-for-NCD/vaccine-and-screening/hpv-vaccine-indicator-22/?term=
https://www.folkhalsomyndigheten.se/faktablad/barnvaccinationer/
https://hpvcentre.net/statistics/reports/ISL_FS.pdf
https://www.hpsc.ie/a-z/vaccinepreventable/vaccination/immunisationuptakestatistics/hpvtdapmencmenacwyuptakestatistics/
https://www.hpsc.ie/a-z/vaccinepreventable/vaccination/immunisationuptakestatistics/hpvtdapmencmenacwyuptakestatistics/
https://www.hpsc.ie/a-z/vaccinepreventable/vaccination/immunisationuptakestatistics/hpvtdapmencmenacwyuptakestatistics/
https://data.unicef.org/resources/dataset/immunization/
https://hpvcentre.net/statistics/reports/PRT_FS.pdf
https://www.farmaindustria.es/web/wp-content/uploads/sites/2/2024/03/Farmaindustria_VPH.pdf
https://www.farmaindustria.es/web/wp-content/uploads/sites/2/2024/03/Farmaindustria_VPH.pdf
https://www.ruv.is/english/2023-10-03-girls-and-boys-both-to-be-offered-protection-of-better-hpv-vaccine-392970
https://www.ruv.is/english/2023-10-03-girls-and-boys-both-to-be-offered-protection-of-better-hpv-vaccine-392970

aux progres de l'art de guérir et de promouvoir la médecine francaise. Vaccination against the
human papillomavirus (HPV): France is far behind other countries — Académie nationale de

médecine | Une institution dans son temps. Access 29.06.2024. https://www.academie-

medecine.fr/vaccination-against-the-human-papillomavirus-hpv-france-is-far-behind-other-

countries/?lang=en

[52] Immunization Data. WHO Immunization Data portal - Detail Page — France. Access
11.07.2024. https://immunizationdata.who.int/global/wiise-detail-page/human-
papillomavirus-(hpv)-vaccination-coverage?CODE=FRA &amp:ANTIGEN=&amp:YEAR=

[53] RKI - InveSt HPV - Representative surveys in study module 2 of the intervention study to
increase HPV vaccination rates in Germany (InveSt HPV) [in German]. Access 29.07.2024.
https://www.rki.de/DE/Content/Infekt/Impfen/Forschungsprojekte/InvestHPV/InveSt-
HPV.html

[54] Immunization Data. WHO Immunization Data portal - Detail Page — Albania. Access
11.07.2024. https://immunizationdata.who.int/global/wiise-detail-page/human-
papillomavirus-(hpv)-vaccination-coverage?CODE=ALB&amp: ANTIGEN=&amp:YEAR=

[55] TVN24.HPV vaccination has been free for a year. How many children have benefited from
the  program? [in  Polish] Published 17.06.2024. Access  21.06.2024

https://tvn24.pl/polska/bezplatne-szczepienia-przeciw-hpv-od-roku-ile-osob-skorzystalo-z-

programu-st7966605

[56] Istokovicova P, Misik M, Szalay T. Human papillomavirus (HPV) vaccination coverage
of  children in Slovakia. Published 16.02.2023. Access  29.06.2024.

https://www.health.eov.sk/Zdroje?/Sources/dokumenty/IZA/hpv-vaccination-coverage-of-

children-in-slovakia.pdf

[57] Angouridi V. Bulgaria starts vaccinating boys against HPV. Published 05.04.2024. Access

11.07.2024. https://www.euractiv.com/section/health-consumers/news/bulgaria-starts-

vaccinating-boys-against-hpv/.

[58] Simion L, Rotaru V, Cirimbei C, et al. Inequities in Screening and HPV Vaccination
Programs and Their Impact on Cervical Cancer Statistics in Romania. Diagnostics.

2023;13(17):2776. doi:10.3390/diagnostics 13172776

17


https://www.academie-medecine.fr/vaccination-against-the-human-papillomavirus-hpv-france-is-far-behind-other-countries/?lang=en
https://www.academie-medecine.fr/vaccination-against-the-human-papillomavirus-hpv-france-is-far-behind-other-countries/?lang=en
https://www.academie-medecine.fr/vaccination-against-the-human-papillomavirus-hpv-france-is-far-behind-other-countries/?lang=en
https://immunizationdata.who.int/global/wiise-detail-page/human-papillomavirus-(hpv)-vaccination-coverage?CODE=FRA&amp;ANTIGEN=&amp;YEAR=
https://immunizationdata.who.int/global/wiise-detail-page/human-papillomavirus-(hpv)-vaccination-coverage?CODE=FRA&amp;ANTIGEN=&amp;YEAR=
https://www.rki.de/DE/Content/Infekt/Impfen/Forschungsprojekte/InvestHPV/InveSt-HPV.html
https://www.rki.de/DE/Content/Infekt/Impfen/Forschungsprojekte/InvestHPV/InveSt-HPV.html
https://immunizationdata.who.int/global/wiise-detail-page/human-papillomavirus-(hpv)-vaccination-coverage?CODE=ALB&amp;ANTIGEN=&amp;YEAR=
https://immunizationdata.who.int/global/wiise-detail-page/human-papillomavirus-(hpv)-vaccination-coverage?CODE=ALB&amp;ANTIGEN=&amp;YEAR=
https://tvn24.pl/polska/bezplatne-szczepienia-przeciw-hpv-od-roku-ile-osob-skorzystalo-z-programu-st7966605
https://tvn24.pl/polska/bezplatne-szczepienia-przeciw-hpv-od-roku-ile-osob-skorzystalo-z-programu-st7966605
https://www.health.gov.sk/Zdroje?/Sources/dokumenty/IZA/hpv-vaccination-coverage-of-children-in-slovakia.pdf
https://www.health.gov.sk/Zdroje?/Sources/dokumenty/IZA/hpv-vaccination-coverage-of-children-in-slovakia.pdf
https://www.euractiv.com/section/health-consumers/news/bulgaria-starts-vaccinating-boys-against-hpv/
https://www.euractiv.com/section/health-consumers/news/bulgaria-starts-vaccinating-boys-against-hpv/

[59] Nemeth Blazi¢ T, Bozicevi¢ I, Kosanovi¢ Li¢ina ML, et al. Self-reported HPV vaccination
status and HPV vaccine hesitancy in a nationally representative sample of emerging adults in

Croatia. Front Public Health. 2023;11. doi:10.3389/fpubh.2023.1182582

[60] Naoum P, Athanasakis K, Zavras D, et al. Knowledge, Perceptions and Attitudes Toward
HPV Vaccination: A Survey on Parents of Girls Aged 11-18 Years Old in Greece. Front Glob
Womens Health. 2022;3. doi:10.3389/fgwh.2022.871090

18



