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Abstract: The Italian National Immunization Plan (NIP) states that public health today aims at immu-
nizing adolescents of both sexes for maximum protection against all HPV-related vaccine-preventable
diseases. Nowadays, the vaccination offer to primary cohorts is reaffirmed with continued free
vaccination up to at least 26 years of age for females and up to at least 18 years of age for males. The
Italian NIP 2023–2025 recommends HPV vaccination for at-risk categories, including individuals with
HIV, men who have sex with men (MSM), women treated for intermediate- or high-grade lesions,
and travelers. Catch-up vaccination is recommended for women at least up to 26 years of age, also
using the appropriate occasion of the call for the first screening for the prevention of cervical cancer
as an opportunity for vaccination, and for men at least up to and including 18 years of age if they
have not been previously vaccinated or have not completed the vaccination cycle. In summary, the
Italian vaccination offer has been extended to additional cohorts in order to reduce the burden of
HPV-related diseases and to improve vaccination coverage of the Italian population.
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1. Introduction

HPV is classified within the Papillomaviridae, a family of nonenveloped double-stranded
DNA viruses. Papillomavirus virions consist of non-enveloped icosahedral capsids with
an approximate diameter of 55 nm that contain a double-stranded circular DNA genome of
about 8 kb [1]. The genetic information of HPV encodes both structural and nonstructural
proteins. The structural proteins (L) comprise a major (L1) and a minor (L2) capsid protein.
The first one is shared among most HPV types while the L2 protein displays significant
variability. Conversely, the nonstructural proteins are labeled as E proteins, characterized
by their presence in infected cells but absence in the mature virion [2].

Papillomavirus can be transmitted through different means. Both interindividual
transmission and autoinoculation are methods of transmission. Interindividual trans-
mission between two individuals can happen through sexual contact, perinatally, or via
skin-to-skin contact (e.g., through hands) [3,4]. In addition, individuals can transmit the
infection even when they show no signs or symptoms. Sexual transmission is the most
common route, establishing HPV as one of the prevalent sexually transmitted infections.

There are over 200 HPV genotypes; among these, HPV 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, and 59 have carcinogenic potential. Globally, HPV 16, in particular, is the most
widespread genotype. When HPV affects the anogenital tract, both asymptomatic forms
and benign lesions can occur. The most common lesions, often attributed to infection
by HPV 6 and 11, are genital warts. Other benign lesions that may progress or go into
remission include low-grade dysplasias, which can affect the uterine cervix as well as the
anus, vagina, vulva, or penis [5].

HPV infections can be self-limiting (indeed, the majority of them resolve within
6 months to 1 year [6,7]) or progress if the virus persists. Particularly if it is a high-risk
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genotype, persistent infection that does not resolve can lead to the development of dysplasia
and, if not adequately treated, even evolve into invasive carcinoma. It has been known that
HPV is related to cervical cancer since the 1980s when Zur Hausen and his collaborators
found papillomavirus DNA in most cases of cervical cancer [8].

Follow-up epidemiological investigations validated that a substantial number of
cases of cervical cancer may be associated with the sexual transmission of approximately
12 oncogenic, high-risk (HR) HPV types, particularly HPV 16 and HPV 18 [9–11]. The types
of cancers associated with HPV infection have a significant epidemiological impact. HPV
is indeed the most common factor linked to the development of cervical cancer, but it also
plays a substantial role in the occurrence of vulvar tumors, accounting for a range of 25
to 43% [2]. Additionally, HPV is responsible for 33–48% of penile tumors [5], and in the
case of anal cancer, HPV is present in approximately 67% of cases [6]. Vaginal cancer has
a direct association with HPV infection, with 90% of vaginal cancers being of squamous
nature [12]. In the United States alone, there were 12,600 reported cases from 2012 to 2016,
and over 70% of oropharyngeal cancers have been linked to HPV [7,13].

In contrast to women, in males, HPV infection tends to manifest clinically as anogenital
warts, causing significant morbidity and increasing HPV transmission rates [14]. The rising
identification of neoplastic lesions in various areas, including the genitals (anus, penis,
vulva, and vagina) and non-genital tract (oropharynx), underscores the importance of
focusing on both male and female individuals. Adopting a gender-inclusive preventive
strategy offers advantages in addressing the diverse manifestations of HPV-related health
concerns [12]. The preventive HPV vaccines available commercially consist of L1 VLPs
from several HPV types.

After the call issued in 2018 by the Director General of the World Health Organization
(WHO), Dr. Tedros Adhanom Ghebreyesus, to scale up prevention, detection, and treat-
ment for HPV, in 2020, WHO adopted the Global Strategy to accelerate the elimination of
cervical cancer as a public health problem. This is the first global health strategy aimed
at eliminating cancer as a public health problem, with the goal of vaccinating 90% of girls
against HPV by the age of 15 years [15]. Despite being a vaccine-preventable and treatable
disease, especially if diagnosed early, cervical cancer’s estimated age-standardized inci-
dence rate for 2020 is still high (13.3/100,000 women). This cancer is ranked 5th among the
most common cancers worldwide and it is responsible for hundreds of thousands of deaths
each year and has a strong impact in terms of health, social, and economic variables [16].
For cervical cancer, the term “elimination as a public health problem” globally indicates an
incidence of less than 4 per 100,000 women-years in each country. The following 90-70-90
targets must be met by 2030 for countries to be on the path towards cervical cancer elimi-
nation: (a) 90% of girls fully vaccinated with the HPV vaccine by age 15 years, (b) 70% of
women screened with a high-performance test by 35 years of age and again by 45 years
of age, and (c) 90% of women identified with cervical disease received treatment (90% of
women with precancer treated, and 90% of women with invasive cancer managed) [15].

The objective of the article is to comprehensively address various issues inherent to the
HPV virus. These include the prevalence of HPV, its connections with cervical cancer and
other diseases, the efficacy of HPV vaccines, immunization strategies, and global efforts to
reduce the burden of disease associated with HPV, with a focus on the state of the art in Italy.
The overall goal is to summarize key information on HPV, emphasizing its importance
at the global and national levels, and to support the importance of preventive strategies,
particularly vaccination, in order to mitigate the negative impact of HPV on public health.

2. Global and Italian HPV Epidemiology

Worldwide, cervical cancer is the fourth most frequent cancer in women, with an
estimated 604,127 new cases reported in 2020. It is the second most common female cancer
in women aged 15 to 44 years [13]. Among deaths from malignancies globally, about 5% are
closely associated with HPV infection [17]. Also, according to World Health Organization
(WHO) estimates, the annual number of new cases of cervical cancer is expected to increase
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from 570,000 to 700,000 in the coming years (estimated from 2018 to 2030). Over the same
period, the annual number of deaths will increase from 311,000 to 400,000. Most of these
deaths will be registered in low- and middle-income countries due to the fact that no HPV
vaccines or adequate screening campaigns are yet available in these countries. Of the
estimated 342,000 deaths from cervical cancer in 2020, about 90% of these occur in low- and
middle-income countries [15].

About 70% of global cervical cancer cases and about 50% of high-grade dysplasias
are associated with HPV genotypes 16 and 18 [18]. The prevalence of HPV infection in the
genital region has been thoroughly examined through extensive epidemiological studies
focusing on cervical infection [19–22]. In a study conducted in the United States to assess
the likelihood of acquiring human papillomavirus (HPV), it was found that over 80% of
individuals, including both men and women, acquire HPV before the age of 45, and half of
these infections will be of high-risk types [23]. Furthermore, according to some studies, 50%
of infections that contribute to the development of cervical cancer are contracted before the
age of 21 [24].

In any case, although different collection and laboratory testing methodologies among
countries complicate a comprehensive assessment of the prevalence of cervical HPV infec-
tion, the highest point prevalence is found before age 25. After this age, in the range of 35
to 50 years, the prevalence tends to decline, standing between 15 and 20 percent, and then
stabilizing or declining further in the older age groups. However, some countries, such as
those in Central and South America, show a second peak in the older age groups (over
40 years), or at any rate, as in sub-Saharan African countries, where there is no decrease in
HPV prevalence after age 30 [15,25,26]. It is now widely acknowledged that serotypes 16
and 18, primarily, and less frequently other high-risk types, contribute to the majority of
malignancies in the oropharyngeal and anogenital regions [27]. Regarding the prevalence
trend of HPV infection in males, although it has been studied less extensively compared
to females [28–30], it appears to remain more stable over the years. This differs from the
female prevalence, where a decrease is observed with aging. The rate of HPV infection in
men may be stable across their lifetimes in contrast to the decline observed in women as
they age [31,32].

In Italy, women aged 15 years and older, at risk of developing cervical cancer, account
for 26.7 million women. It is estimated that each year, 3152 women receive a cervical
cancer diagnosis and 1011 deaths occur from the disease. Cervical cancer is ranked as
the 15th most common female cancer; the same is ranked as the fourth most prevalent
cancer in 15–44-year-old women. In the general population, cervical HPV 16/18 infection
is present in about 4.1% of women, and HPV 16/18 are responsible for 72.2% of invasive
cervical cancers [33]. Mortality rates for all HPV-related cancers remain high despite the
implementation of secondary preventive interventions, such as free Pap tests and free
HPV tests for screening. The primary screening methods for cervical cancer include the
Pap test and the Human Papillomavirus DNA (HPV-DNA) test. Historically, the Pap
test has been administered every three years to women aged 25 to 64. However, recent
scientific evidence has shown that the HPV-DNA test, conducted every five years, is more
cost-effective for women over 30. All regions are actively working to adopt the HPV-DNA
test model. Between the ages of 25 and 30, the recommended screening is still the Pap test,
to be performed every three years. The new screening test focuses on detecting high-risk
HPV infections and should not be conducted before the age of 30 [34]. The death ratio is
high for cervical cancer (24% within 5 years), as well as for oropharynx cancer (75% in both
genders) and anal cancer (86% and 89% in women and men, respectively) [33].

The most known HPV cancer is undoubtedly cervical cancer, for which HPV infection
is a necessary condition, but the tropism of the virus is not limited to the cervical mucosa.
In fact, the virus can also cause infections of the vulva and vagina in women, penile cancer
in males, and anal, oropharyngeal, and esophageal infections and cancers in both sexes
(Table 1).
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Table 1. New cases/year of HPV-related cancers in Italy (estimates for 2020; modified from ref. [35]).

Males Females

Cervix cancer --- 3152

Oropharyngeal cancer 1064 430

Anus cancer 406 887

Vulva and vagina cancer --- 1440

Penile cancer 540 ---

The virus is not only responsible for lesions that lead to cancer over time but also for
lesions such as genital warts or laryngeal papillomatosis, which represent, due to their
frequency and the high risk of chronicity and recurrence, an important burden for the
patient and society [33,35]. Most of the diagnosed infections are related to the oncogenic
HR-HPV genotypes. In detail, HPV 16/18 cause approximately 70% of all cervical cancers
worldwide, while a further 20% are related to HPV 31, 33, 45, 52, and 58 [36]. The ‘low-risk’
genotypes, on the other hand, are mainly HPV 6 and HPV 11 and are most commonly
responsible for benign or low-grade proliferative lesions such as epidermodysplasia verruci-
formis in the skin, condylomata in the genital mucosa, or papillomas in the respiratory, oral,
and conjunctival mucosa [18,37].

3. European and Italian Target Schedules

In Europe, the European Medicines Agency (EMA) authorized the first HPV vaccines
in 2006. After the first two approved vaccines (one bivalent that contained the high-risk
HPV genotypes 16 and 18 and the other tetravalent that also included types 6 and 11, which
are more commonly responsible for benign lesions such as condylomas), the EMA gave
the green light to a nonavalent vaccine that includes additional genotypes (31, 33, 45, 52)
in addition to the previous ones. With regard to protection from precancerous lesions,
all of these vaccines have shown efficacy in preventing precancerous lesions caused by
genotypes 16 and 18 by more than 90 percent, with the advantage of the nonavalent vaccine
of also protecting against dysplasias caused by the additional genotypes with more than
90 percent efficacy [38].

In addition to their efficacy, the approved vaccines have shown safety in all pre-
authorization clinical trials and are presently under post-marketing surveillance, continu-
ously affirming their safety [39].

The Italian National Immunization Plan (NIP) stated, on the basis of new and impor-
tant scientific evidence, that public health today aims at immunizing adolescents of both
sexes for optimal protection against all vaccine-preventable HPV-related diseases. The
nine-valent HPV vaccine therefore represents the most effective prevention tool available
today for the widest coverage against HPV-related diseases in both sexes, as it contains the
nine HPV types: 6, 11, 16, 18, 31, 33, 45, 52, and 58 [40].

For individuals 9 to 14 years of age, the nine-valent vaccine should be administered
according to a two-dose (0, 6–12 months) or three-dose (0, 2, 6 months) schedule. For
individuals 15 years of age and older, the nine-valent vaccine should be administered
according to a three-dose (0, 2, 6 months) schedule [41].

Data regarding the European routine cohort recommendations show that adolescents
are the primary target of vaccination campaigns. Several countries also offer the HPV
vaccination for other groups of the population [38].

4. Italian Immunization Plans and Multicohort Strategy

In Italy, the 2017–2019 NIP proposed vaccination at the age of 12 years. Starting in
2015, Italian regions began extending vaccination to include males. Vaccination was also
recommended for women at the age of 25 during the first call for cervical cytology screening
(Pap test). Additionally, in the 2017–2019 NIP, a recommendation for anti-HPV vaccination
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in at-risk categories was introduced, including men who have sex with men [42]. In the
new 2023–2025 NIP, one of the scopes is to reinforce the prevention of cervical cancer and
other HPV-related diseases. The NIP confirms the low level of HPV vaccine coverage
(32,22% in female and 26,75% in male cohort in 2009 compared to the 95% expected)
(Figure 1) [43]. The vaccination coverage trend shows a significant reduction compared
to the pre-pandemic period. The full cycle coverage in the cohort of 15-year-olds (2005
cohort in 2021, who turn 16 in the year of the survey) used by the WHO as a reference
in its statistics is 70.55%, up from the value for the same age group in the previous year
(63.84%) [42,44].
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As per Italian NIP, the vaccination offer to primary cohorts is reaffirmed with continued
free vaccination up to at least 26 years of age for females and up to at least 18 years of age
for males. The Italian NIP 2023–2025 recommends HPV vaccination for at-risk groups,
including HIV-positive individuals, men who have sex with men (MSM), women with
high-grade cervical lesions, and people who travel for tourism, study, or work [42]. Catch-
up vaccination is recommended for women at least up to 26 years of age, also using the
appropriate occasion of the call for the first screening for the prevention of cervical cancer
as an opportunity for vaccination, and for men at least up to and including 18 years of
age if they have not been previously vaccinated or have not completed the vaccination
cycle [42]. Those with human papillomavirus (HPV)-related disease continue to face the
risk of subsequent HPV infection and associated disease after treatment of specific lesions.
Preventive HPV vaccines have shown benefits in preventing subsequent HPV-related
disease when given prior to or shortly following treatment [45].

5. Update on Nine-Valent and Four-Valent HPV Vaccines

The clinical development of the nine-valent HPV vaccine included several phase III
clinical trials conducted in females and males, in adolescent and adult populations, with
two- and three-dose schedules and with coadministration with other vaccines [46–51]. For
some of these trials, long-term follow-up (LTFU) data are available [52,53]. One of the most
recent trials describes immunogenicity, effectiveness, and safety after a ten-year follow-up.
Geometric mean antibody titers peaked at month 7, decreased sharply at months 7–12, and
then gradually declined up to month 126. Seropositivity rates for every nine-valent vaccine
type remained high after 10 years (126 months), notwithstanding the used test (≥81% and
≥95% by competitive and immunoglobin G-Luminex immunoassay, respectively). No
cases of high-grade intraepithelial neoplasia or condyloma in males or females related to
HPV types included in the nine-valent vaccine were observed after 11 years of follow-up.
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Incidence rates of HPV-related 6-month persistent infection due to nine-valent vaccine
types were low in both genders (54.6 and 52.4 per 10,000 person-years in males and females,
respectively). Immunogenicity and effectiveness of the nine-valent vaccine remained
high through ∼10 years post three doses in 9–15-year-old boys and girls [54]. Real-world
effectiveness and impact data for the nine-valent HPV vaccine are limited to two studies
at this time. The first of these, the trial of Giuliano et al., assessed the efficacy of the
nine-valent HPV vaccine against cervical, vulvar, and vaginal disease caused by all of
the nine vaccine HPV types and the prevention of related cervical surgeries compared
with a historic placebo population. The analysis included three international, randomized,
double-blind studies that were conducted using the same methodology. Among women
who tested negative for 14 HPV types before vaccination, the incidence of high-grade CIN
and cervical definitive therapy related to the nine HPV types was reduced by 98.2% and
97.8%, respectively [55].

The second study, the trial of Kjaer et al., reported the results of an interim analysis
that evaluated the effectiveness of the nine-valent HPV vaccine at 8 years out of a planned
long-term follow-up (LTFU) of 14 years from the start of vaccination. The results report
no new cases of HPV type 6/11/16/18/31/33/45/52/58-related CIN (any grade), AIS,
cervical cancer, vulvar cancer, or vaginal cancer from the start of the LTFU study [52].

However, the effectiveness of the four-valent HPV vaccine is relevant to the nine-valent
HPV vaccine since the vaccines are manufactured similarly and contain four of the same
HPV L1 VLPs [56]. Several dozen studies have been published on four-valent HPV vaccine
effectiveness around the world. A recent systematic review of the literature summarized the
results of many of these studies. The authors systematically reviewed observational studies
on HPV vaccination within MEDLINE, EMBASE, and Google Scholar from 2016 to 2020,
involving 14 years of follow-up data. A total of 138 peer-reviewed publications reporting
on the impact of the HPV vaccine or its effectiveness were identified. Targets considered
included infection rates at various anatomical sites and the incidence of various HPV-
related disease outcomes. The results suggest that the large-scale implementation of HPV
vaccination programs globally has helped decrease genital infections and caused significant
reductions in the incidence of HPV-related diseases. HPV vaccination programs continue
to support a marked reduction in new HPV infections and corresponding disease outcomes.
As infections with high-risk HPV types can now be protected against by immunization,
near-complete disease elimination may become an achievable target, coupled with cervical
screening and treatment for those with the disease [57].

The nine-valent HPV vaccine safety profile has been established by several studies [58].
The World Health Organization (WHO) Global Advisory Committee on Vaccine Safety
(GACVS) has issued several reports, the most recent in June 2017. The Committee con-
cluded that, since their last review, there is still no evidence to suggest a causal association
between the HPV vaccine and complex regional pain syndrome (CRPS), postural ortho-
static tachycardia syndrome (POTS), or the diverse symptoms that include pain and motor
dysfunction [59].

6. Italian Strategies to Increase HPV Vaccination Coverage in the Post-Pandemic Period

Despite the strong evidence supporting this vaccination, in Italy, the HPV vaccination
coverage in eleven-year-old girls and boys, which was already far from the 95% target in
previous years, was further reduced in 2020 (birth cohort 2008) due to the strong impact
of the pandemic on activities and vaccinations, which has been particularly marked for
adolescents. A similar impact has also been seen on cervical cancer screening activities,
highlighting the need to implement all possible actions in the coming years to ensure
the effective relaunch of HPV vaccination, aiming to achieve the coverage target HPV
vaccination of ≥95% in adolescents and the progressive reduction in the incidence of
cervical and uterine cancer [43].

According to NIP 2023–2025, the most important actions are (a) relaunching and
strengthening the national HPV vaccination campaign, including the active involvement of
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the local scientific community, specialists, and scientific and civil societies; (b) promoting
vaccination through widening access to vaccination services, scheduling open days and
catch-up activities, extending the active and free provision of the vaccine to cohorts at least
to the age of initiation of cervical cancer screening, offering free-of-charge vaccines for
males at least up to and including 18 years of age, maintaining free vaccination over time
for beneficiary cohorts, and adopting tools and technologies to support active outreach and
appointment management; (c) developing an effective communicative campaign to oppose
vaccination hesitancy; and (d) integrating primary and secondary prevention [42].

Among the actions implemented to recover the vaccination delays caused by the
SARS-CoV-2 pandemic, some regions have strengthened the recommendations in favor of
co-administration of the HPV vaccine with other vaccines recommended by age [60].

7. Discussion and Future Perspectives

HPV was ranked in the latest American Association for Cancer Research (AACR)
report as the second most cancer-causing pathogen in the world [61]. For this reason, in
2020, the WHO adopted the first global health strategy to eliminate this cancer as a public
health problem (target: 90% of girls fully vaccinated against HPV by the age of 15) [15].
Regarding future perspectives, numerous studies in the literature have evaluated the
immunological response following a single dose of the HPV vaccine. The results indicate a
sustained high immune response, even ten years after the administration of the four-valent
vaccine dose [62]. In a recent randomized trial, the Dose Reduction Immunobridging and
Safety Study (DoRIS) demonstrated that a robust immune response is attainable with a
single dose of either bivalent, quadrivalent, or nonavalent HPV vaccine. These findings
underscore the potential of a single-dose vaccination strategy to achieve the elimination
of cervical cancer, particularly in economically disadvantaged countries. Furthermore, it
suggests that adopting a single-dose approach can contribute to cost reduction and enhance
vaccine accessibility globally [63]. The Global Strategy and its related targets represent a
unique opportunity to drive long-term, sustainable advocacy and save lives [64].

In the Italian scenario, although the HPV vaccination is not among the mandatory
ones, according to Law 119/2017, it is an Essential Level of Care (LEA) [65]. As of December
2021, HPV vaccination coverage in Italy does not reach the 95% target set by the 2023–2025
NIP in any cohort of both genders. As per the 2023–2025 NIP, the vaccination offer has
been extended to additional cohorts in order to decrease the HPV-related diseases’ burden
and improve vaccination coverage of the Italian population. In Italy, the NIP 2023–2025
provides vaccination against HPV with a two-dose vaccination schedule at the age of 12
for girls and boys up to 14 years of age and a three-dose vaccination course starting from
15 years of age [42].

For instance, France launched a vaccination campaign against genital human papillo-
mavirus (HPV) for all girls and boys in secondary schools, as the country has one of the
lowest vaccine rates against HPV in Europe [66].

A study published in 2017 analyzed the cost-effectiveness of the nine-valent vac-
cine in Italy. In comparison with the four-valent vaccine, the nine-valent vaccine, when
implemented in a program inclusive of both females and males, shows an incremental
cost-effectiveness ratio (ICER) of 10,463 € per quality-adjusted life year (QALY) when
considering vaccination for both male and female populations. The ICER is 4483 € when
considering only the female population [67].

8. Conclusions

It is crucial to emphasize that cervical cancer is a preventable and curable disease if
detected early and treated adequately. Ensuring all women have access to affordable and
effective cervical cancer prevention and management services remains a priority. Addi-
tionally, it is important to focus on other types of preventable cancers through vaccination,
paying attention to gender-neutral preventive approach. A robust health system is im-
perative to achieve universal health coverage. Despite the presence of numerous barriers
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to HPV vaccination, highlighted particularly during the COVID-19 pandemic, efforts are
underway to resume and strengthen HPV vaccination and cervical cancer screening pro-
grams. To support all these claims, 17 November has been established as the Cervical
Cancer Elimination Day of Action and the anniversary of the launch of the World Health
Organization’s (WHO) Global Strategy to accelerate the elimination of cervical cancer as a
public health problem.
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