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Abstract: Objectives: Italy was the first European country to introduce universal vaccination of
adolescents, for both males and females, against Human Papilloma Virus (HPV) starting in 2017
with the NIP 2017–20190s release. However, vaccine coverage rates (VCRs) among adolescents
have shown a precarious take-off since the NIP’s release, and this situation worsened due to the
impact of the COVID-19 pandemic in 2020. The aim of this work is to estimate the epidemiological
and economic impact of drops in VCRs due to the pandemic on those generations that missed the
vaccination appointment and to discuss alternative scenarios in light of the national data. Methods:
Through an analysis of the official ministerial HPV vaccination reports, a model was developed to
estimate the number of 12-year-old males and females who were not vaccinated against HPV during
the period 2017–2021. Based on previously published models that estimate the incidence and the
economic impact of HPV-related diseases in Italy, a new model was developed to estimate the impact
of the aggregated HPV VCRs achieved in Italy between 2017 and 2021. Results: Overall, in 2021,
723,375 girls and 1,011,906 boys born between 2005 and 2009 were not vaccinated against HPV in Italy
(42% and 52% of these cohorts, respectively). As compared with the 95% target provided by the Italian
NIP, between 505,000 and 634,000 girls will not be protected against a large number of HPV-related
diseases. For boys, the number of the unvaccinated population compared to the applicable target
is over 615,000 in the ‘best case scenario’ and over 749,000 in the ‘worst case scenario’. Overall,
between 1.1 and 1.3 million young adolescents born between 2005 and 2009 will not be protected
against HPV-related diseases over their lifetime with expected lifetime costs of non-vaccination
that will be over EUR 905 million. If the 95% optimal VCRs were achieved, the model estimates a
cost reduction equal to EUR 529 million, the net of the costs incurred to implement the vaccination
program. Conclusion: Suboptimal vaccination coverage represents a missed opportunity, not only
because of the increased burden of HPV-related diseases, but also in terms of economic loss. Thus,
reaching national HPV immunization goals is a public health priority.

Keywords: HPV; HTA; incremental cost; RWD; COVID-19; vaccination strategies

1. Introduction
In 2008, Prof. H. Zur Hausen received the Nobel Prize for discovering the cancerogenic

role of HPV, which he initially discovered in 1976. Following that, in 1989, Prof. Ian Frazer
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discovered the HPV vaccine that later in 2006 became available globally [1]. After the
introduction of the vaccine, the clinical information concerning HPV changed considerably.
At the time of its introduction, the HPV vaccine was mostly used for the prevention of
cervical cancer in women. A few years later, the role of HPV as a causative agent of
gender-neutral cancers was proved, namely anal, oral and head and neck cancers [2]. In
2015, a new version of the vaccine, active on a larger number of HPV strains that cause
malignancies [3,4], was introduced.

After many studies showed both the cost effectiveness and the efficiency of HPV
vaccination in women [5,6], the BEST II study evaluated the cost-effectiveness of universal
vaccination compared with selective vaccination of 12-year-old girls and the economic
impact of immunization on various HPV-induced diseases [7]. In this paper, a dynamic
Bayesian Markov model was developed to investigate the transmission of HPV in cohorts
of females and males. As a result, gender-neutral HPV vaccination was found to be a
cost-effective alternative when compared with either cervical cancer screening or female-
only vaccination. Based on this new evidence, the Italian government was the first among
the G8 Countries to extend the HPV national immunization program to 12-year-old boys
(2017). This gender-neutral strategy is sanctioned by the 2017–2019 National Immunization
Program (NIP) update, which extends vaccination to males and defines increasing coverage
targets for both sexes to reach the 95% coverage target expected for 2019 and keep it stable
for the years to come [8].

The achievement of high coverage in the population, as well as for other vaccinations,
guarantees indirect protection (herd immunity) and, consequently, represents an important
public health goal. In Italy, the data on vaccination coverage are provided by the regions to
the Ministry of Health and are published annually. The ministerial reports, albeit with some
data gaps, represent the official source of monitoring the coverage objectives envisaged by
the 2017–2019 NIP currently in force.

To a generalized picture of precarious take-off of this vaccination, especially in males,
in 2020, the impact of the COVID-19 pandemic was added, which lasted into 2021, as a
result of the commitment at the forefront of the vaccination centers in the influenza and
COVID-19 vaccination campaigns. In July 2020, the Ministry of Health summarized the
results of an investigation conducted on the vaccination centers in the aftermath of the
outbreak of the pandemic. The survey revealed that 97 local health authorities (LHAs)
witnessed a decrease in vaccinations; in 68% of cases, it was adolescents’ vaccinations that
had suffered the greatest delay due to the pandemic [9]. Adolescents also experienced the
closure of schools, limitation to sociability and a reduction in opportunities for contact with
the privileged points of information and the booking of vaccinations.

This study, in light of the above, aims to estimate the epidemiological and economic
impact of the drop in vaccine coverage rates (VCRs) due to the pandemic on those genera-
tions that missed the vaccination [10], and, in addition, it aims to discuss different estimates
of the impact of the pandemic and possible organizational responses.

2. Methods
Two previously published models in Italy estimated the impact of HPV-related dis-

eases on the Italian population regarding health conditions and death risk [11,12]. These
works evaluate the effect of vaccination over a single cohort of Italian males and females.
Starting from these simulations, a new model was developed to estimate the impact of the
aggregated HPV VCRs achieved in Italy between 2017 and 2021.

The analysis develops according to three different steps:
1. Vaccine coverage rates’ (VCRs) scenarios definition: by extracting the VCRs recorded

in the official ministerial HPV vaccination reports for the cohorts of girls and boys
born between 2005 and 2008 (eligible on their 12th year of age and therefore vaccinated
between 2017 and 2020), two scenarios were developed:

a. Achieved VCRs: in this scenario, we considered the actual vaccination coverage
rate recorded in Italy for cohorts 2005–2008 reported from the official ministe-
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rial HPV vaccination reports, and we made assumptions of VCRs achieved in
the 2009 cohort, whose VCRs are not publicly available at the moment of this
publication [10].

b. Target coverage rate: in this second scenario, the optimal vaccine target defined
by the Italian NIP 2017–2019 was considered [8] (Table 1).

2. Model adaptation for gender, coverage rate and efficacy: the previously developed
model, considered the starting point for this analysis [13,14], includes only bivalent
and quadrivalent vaccination in their simulations. However, in Italy, in 2017, a nine-
valent vaccination program was adopted. Vaccine-specific efficacy data were updated
and adapted to the coverage rates considered in the scenario analysis, and a specific
bibliography was considered for HPV9-related disease rates (Table 2). Event rates
were also updated to consider the most recent hospital admissions in Italy as identified
through administrative archives.

3. Model simulation and economic effects: the model was performed considering the
assumed scenarios and absolute differences were calculated for HPV-related events,
direct and indirect costs.

Table 1. VCRs rate by scenario.

Gender
Cohort Vaccinated between 2017–2021

2005 2006 2007 2008 2009 *

Resident Population per cohort at
11 years [9]

Female 266,893 277,302 278,826 280,109 278,502
Male 281,034 291,966 293,260 294,204 294,561

Base-case scenario [8] Female 66.6% 60.9% 58.3% 30.3% 30.3%
Male 19.6% 49.0% 46.2% 24.2% 24.2%

Target Scenario [5] Female 95.0% 95.0% 95.0% 95.0% 95.0%
Male 60.0% 75.0% 95.0% 95.0% 95.0%

* Estimated considering the same coverage rate as that of the 2008 cohort.

2.1. Scenarios Definition
Every year, the Italian Ministry of Health publishes national and regional coverage

data for vaccination against HPV in the female and male populations [10]. The model
considered the rates of a complete vaccination cycle (two doses) applied to the 11-year-old
resident population on 1 January of each year (Table 1) [15]. The same approach was
considered for the target scenario, which were reported according to the Italian NIP and
were meant to increase gradually for boys, reaching the 95% target from the 2007 male
cohort onwards [8].

Given that the last ministerial report refers to VCRs performed in the 2008 cohort
during the pandemic year (2020) and that this cohort might have undergone a catch-up
in 2021, the model will make some assumptions regarding the VCRs in these two cohorts
(scenario analysis). For the purpose of the simulation and to account for two different
scenarios of COVID-190s impact on VCRs on the most affected cohorts, the model defines a
‘worst case scenario’ and a ‘best case scenario’ as follows:
• ‘Worst case scenario’: Coverage rates for males and females vaccinated in the years

2020 and 2021 (birth cohorts 2008 and 2009) remain the same as for those registered
in 2020 (30.3% and 24.2% for female and male, respectively) [10]. No catch-up for the
2008 birth cohort was assumed;

• ‘Best case scenario’: in this scenario, the model assumes a national coverage rate for
the two cohorts equal to the maximum level registered in the Italian regions in 2020
(53.4% in Tuscany registered for females and 46.9% registered in Emilia Romagna for
males) [10].
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Table 2. Input parameters.

Preventable Fraction of Desease

Parameter Base-Case Value Min–Max Source

Vaccine Efficacy data (Reduction rate)

CIN2+ 97.1% 83.5–99.9 RCP Gardasil 9®

Cervical cancer 97.4% 85–99.9 RCP Gardasil 9®

NIV2+ 100% 55.5–100 RCP Gardasil 9®

Vaginal cancer 97.4% 85–99.9 RCP Gardasil 9®

Vulvar cancer 97.4% 85–99.9 RCP Gardasil 9®

Penis cancer 100% 52–100 RCP Gardasil®

Anus cancer 74.9% 8.8–95.4 RCP Gardasil 9®

Oropharyngeal cancer 77.5% 39.6–93.3 RCP Gardasil 9®

Genital condylomas 99% 96.2–99.9 RCP Gardasil 9®

Recurrent respiratory papillomatosis 90.7% 81–100% Assumption

Annual outpatient cost

CIN2+ EUR 498 +/�20% [14]

NIV2+, CIS EUR 498 +/�20% [14]

Cervical Cancer EUR 202 +/�20% [14]

Vulvar + vaginal cancer EUR 202 +/�20% [14]

Penis cancer EUR 202 +/�20% [14]

Anus cancer EUR 279 +/�20% [14]

Oropharyngeal cancer EUR 202 +/�20% [14]

Genital condylomas EUR 704 +/�20% [14]

Recurrent respiratory papillomatosis EUR 202 +/�20% [14]

Annual indirect cost

CIN2-3 EUR 8333 +/�20% [16]

NIV2+, CIS EUR 8333 +/�20% [16]

Cervical Cancer EUR 9130 +/�20% [16]

Vulvar + vaginal cancer EUR 9122 +/�20% [16]

Penis cancer EUR 9131 +/�20% [16]

Anus cancer EUR 9128 +/�20% [16]

Oropharyngeal cancer EUR 9310 +/�20% [16]

Genital condylomas - - [16]

Recurrent respiratory papillomatosis EUR 9310 +/�20% [16]

HPV9 related disease

CIN2+ 82.3% +/�20% [17,18]

Cervical Cancer 89.1% +/�20% [17,18]

NIV2+ 94.4% +/�20% [17,18]

Vaginal cancer 67.9% +/�20% [17,18]

Vulvar cancer 45.3% +/�20% [17,18]

Penis cancer 46.3% +/�20% [17,18]

Anus cancer 94.4% +/�20% [17,18]

Oropharyngeal cancer 23.4% +/�20% [17,18]

Genital condylomas 90% +/�20% [17,18]

Recurrent respiratory papillomatosis 100% +/�20% [17,18]
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2.2. Model Adaptation and Input Parameters
All hospital admissions were identified through administrative archives, according to

the International Classification of Diseases (ICD-9 CM). Information related to the hospital
discharges of all accredited public and private hospitals, both for ordinary and day care
regimes, was taken into account.

We included hospital admissions related to resident patients presenting with one of the
ICD-9-CM codes as a primary or secondary diagnosis for: genital warts (GW): ‘condyloma
acuminatum’ (078.11); ‘cervical intraepithelial neoplasia (CIN)’ (067.2, 067.32, 067.33 and
067.39); ‘anal cancers’ (AC) (154.2–154.8); ‘oropharyngeal cancers (OC): ‘oropharyngeal
cancer’ (146.0–146.9) and ‘head, face and neck cancers’ (171.0); and genital cancers (GC):
‘penis cancer’ (187.1–187.9) and ‘cervical cancer’ (180.0–180.9) [13,14]. Data were stratified
by birth years, age of hospitalization and ICD-9-CM group.

2.3. Statistical and Sensitivity Analysis
A deterministic analysis was performed considering the estimated age-relative risk of

event, the estimated efficacy and the direct and indirect costs applied to the estimated live
population of the cohort at the same age. Real-world data were applied to the unvaccinated
cohorts, which considers the overall hospitalization rates for each disease, as already done
in the Marcellusi, Mennini et al. study [12]. For the vaccinated cohorts, a disease incidence
reduction rate was applied, which considers the vaccine efficacy available in the literature
and the fraction of each disease attributable to the 9 HPV genotypes included in the nono-
valent vaccine available for the years considered in the analysis in Table 2 [7,11]. The
number of hospitalizations by age was multiplied by the average hospitalization costs for
each age estimated by the diagnosed related groups (DRGs) tariff, the estimated lifetime
outpatient costs and social security benefit costs (Table 2). Social security benefit costs took
disability benefits (DBs) and incapacity pensions (IPs), estimated from the Mennini et al.
study [16], into consideration and applied them to the 15% of CIN patients and 90% of all
other disease diagnosed patients (Table 2). Finally, cost and risk reduction were estimated
as the absolute and percentage differences between the base-case and target coverage
rate scenarios.

The uncertainty associated with the model’s outcomes was estimated through a deter-
ministic sensitivity analysis (DSA). In the DSA, each sensible parameter of the model was
subject to a variation derived from the literature (CI of vaccine efficacy data) or from an ar-
bitrary variation [19], as reported in Table 2. The model results derived from each variation
were compared to the value of the base case and represented by a tornado diagram.

3. Results
In 2021, 723,375 girls and 1,011,906 boys born between 2005 and 2009 were not vac-

cinated against HPV in Italy (42% and 52% of these cohorts, respectively). As compared
with the 95% target provided by the Italian NIP, between 505,000 and 634,000 girls will not
be protected against a large number of HPV-related diseases. For boys, the number of the
unvaccinated population compared to the applicable target is over 615,000 in the ‘best case
scenario’ and over 749,000 in the ‘worst case scenario’ (Figure 1).

Overall, between 1.1 and 1.3 million young adolescents born between 2005 and 2009
will not be protected against HPV-related diseases during their lifetime, and the expected
lifetime costs of non-vaccination will be over EUR 905 million. If the 95% optimal VCRs
were achieved, the model estimates a cost reduction equal to EUR 529 million, the net of
the costs incurred to implement the vaccination program.

Figure 2 shows the forecasted number of events, by HPV-related conditions, attributed
to the suboptimal VCRs vs. the NIP’s immunization targets over the years (age of the
population is considered). The model estimates that over 1200 events annually could be
averted if the target for vaccination was reached. GWs and CIN cases represent the most
common events in the younger ages of the population, while cancers are the most frequent,
though less incident, in the older ages.
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Figure 1. Unvaccinated population according to two scenarios vs. NIP optimal target. (A) Pandemic 
‘best case scenario’ for coverage rates between 2020 and 2021, female; (B) Pandemic ‘best case sce-
nario’ for coverage rates between 2020 and 2021, male; (C) Pandemic ‘worst case scenario’ for cov-
erage rates between 2020 and 2021, female; (D) Pandemic ‘worst case scenario’ for coverage rates 

Figure 1. Unvaccinated population according to two scenarios vs. NIP optimal target. (A) Pandemic
‘best case scenario’ for coverage rates between 2020 and 2021, female; (B) Pandemic ‘best case scenario’
for coverage rates between 2020 and 2021, male; (C) Pandemic ‘worst case scenario’ for coverage
rates between 2020 and 2021, female; (D) Pandemic ‘worst case scenario’ for coverage rates between
2020 and 2021, male; (E) Unvaccinated population according to two scenarios vs. NIP optimal target.
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Figure 2. HPV-related diseases developed by the 2005–2009 cohorts in the ‘worst case scenario’,
which are avertable upon achievement of the optimal target for VCRs.

The model also estimated the lifetime cost associated with the five simulated cohorts
by considering three different scenarios. Without the HPV immunization program (scenario
(a), no vaccination), the expected lifetime costs would be over EUR 905 million (54% due to
hospitalization, 38% indirect and 8% outpatients’ costs). Assuming the VCRs ‘worst scenario’
due to the pandemic were true, the sub-optimal coverage rates performed between 2017 and
2021 would lead to a model estimate of the cost reduction equal to EUR 260 million (�28% vs.
no vaccination scenario), with a significant economic burden for the NHS of the EUR 644,618,178
of HPV-related diseases. Finally, if VCRs scored up to the optimal NIP targets for the selected
cohorts (60%, 95% according to sex and year of eligibility), an additional EUR 269 million
could be saved (�58% vs. no vaccination scenario). To synthesize, protecting adolescents
born between 2005 and 2009 by reaching the NIP’s optimal HPV immunization rates would
potentially avoid up to EUR 529,6 million in the lifetime horizon as compared to ‘no vaccination’.
The COVID-19 pandemic is likely to have compromised the VCRs of the 2008 and 2009 cohorts
as modelled in our ‘worst case scenario’. In this scenario, which also account for sub-optimal
VCRs in the 2005–2007 cohorts, the total economic and social burden of HPV-related conditions
will remain significantly high (Table 3).

Table 3. Direct and indirect lifetime costs associated with different VCRs (aggregate birth cohort
2005–2009).

(a) No Vaccination (b) Worst Case
Scenario (c) Target VCRs

Savings Due to
Worst Case VCRs

(a–b)

Incremental Savings
at Target VCRs

(c–b)

Hospitalization EUR 483,668,215 EUR 350,486,959 EUR 209,227,045 EUR 133,181,256 EUR 141,259,914

Outpatient EUR 75,084,822 EUR 48,368,514 EUR 21,819,584 EUR 26,716,308 EUR 26,548,930

Social Security
System EUR 346,378,005 EUR 245,762,705 EUR 144,493,618 EUR 100,615,300 EUR 101,269,087

Total costs EUR 905,131,042 EUR 644,618,178 EUR 375,540,247 EUR 260,512,863 EUR 269,077,931

Figure 3 shows that the model was sensitive to the vaccine efficacy and association
of HPV9 diseases. In all tested scenarios, the incremental savings at the target VCRs was
between EUR 185 (�31% vs. the base case analysis) and EUR 311 (+16% vs. the base-case
analysis) million.
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4. Discussion
This analysis shows, in an intuitive and accurate way, the epidemiological and eco-

nomic impact of the ‘lost generations’ to anti-HPV vaccination due to sub-optimal historic
VCRs and to the likely impact of the pandemic on the 2020 and 2021 immunization cam-
paigns [20]. This is an extremely negative impact that may begin to have important
consequences, in terms of the burden of disease, on these generations when they become
young adults of a productive age.

In light of these results, it becomes important to stress HPV immunization as a public
health priority and to identify organizational solutions capable of promoting adolescent-
friendly prevention, vaccine confidence and a full recovery of coverage after the pandemic
emergency [21–23].

The PNPV 2017–2019, which is still in force as it was extended for the COVID-19
pandemic emergency, defines a flowchart addressed to achieve high coverage through a
repeated and carefully monitored ‘invite and remind’ system and presents the operating
procedures to promote the active and free offer of vaccinations [8]. Since HPV vaccination
is not mandatory—it is only recommended—effective organizational models to offer vac-
cination and the ability to engage the target population and their parents have become
strategic [24–26].

A consensus conference held in 2019 issued a series of recommendations for imple-
menting HPV vaccination that were recognized to be highly recommended both by the
international literature and by the opinions of Italian experts, based on the most effective
recognized strategies [27].

The included recommendations were:
(i) Sending reminders to parents of 11–12-year-olds a few days before the agreed upon

vaccination appointment following the active call from the vaccination program and in the
case of a no-show at an agreed appointment;
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(ii) The implementation of reminder strategies aimed at health professionals to remind
them to propose vaccination during a visit to a citizen who has not been previously
vaccinated, but for whom vaccination is planned. In particular, it is recommended to
activate reminder strategies aimed at the pediatrician of free choice (PLS), the heads of the
vaccination clinic and general practitioners (GPs);

(iii) The provision of informational/educational strategies aimed at vaccination targets
and/or their parents are weakly recommended since informational/educational actions for
the population are generally ineffective in increasing compliance with vaccination and may
encounter economic sustainability problems;

(iv) The implementation of reminders/informational activities should, on the other
hand, be based mainly on the direct trust relationship between the health worker and the
vaccination target/parents of the target or be implemented at the school level.

The consensus identified, while acknowledging the difficult implementation of the
strategy, that secondary school is the ideal venue for information, education and vaccina-
tion opportunities.

The implementation of strategies that provide, among other interventions, the carrying
out of vaccination in the school setting, have proved effective in various contexts, despite
encountering organizational difficulties at the local level.

Given the situation of poor coverage and the real risk of missing the HPV immuniza-
tion for more than half of the boys and girls born after 2004, it seems speculative to stop at
the evidence of the literature and their transferability to the Italian context: evaluating alter-
native vaccination and information settings become an imperative in this circumstance [28].
Countries where vaccination against HPV is school-based (Sweden, Australia) showed high
coverage rates in the primary cohort and allowed the carrying out of multi-court catch-up
campaigns for children up to 18 years of age [29–31].

The COVID-19 pandemic may leave an indelible mark on the reproductive health of
millions of adolescents; however, the response to this same emergency has shown us rare
examples of resilient organizational systems, and it is hoped that this moment will be also
an opportunity to promote real organizational innovation in organizational models for the
promotion of vaccine prevention [32–34].

5. Conclusions
Looking closely at the results of this analysis, it emerges strongly that, overall, between

1.1 and 1.3 million of young adolescents born between 2005 and 2009 will not be protected
against HPV-related diseases during their lifetime, with an expected lifetime cost of non-
vaccination that will be over EUR 905 million. If the 95% optimal VCRs were achieved, the
model estimates a cost reduction equal to EUR 529 million, the net of the costs incurred to
implement the vaccination program.

The results of recent studies [35,36] highlight how the inclusion of additional HPV
types in the vaccine offers great potential to expand protection against HPV infection and
the associated disease burden. However, most importantly, the impact of reducing the
global burden caused HPV-related cancer depends on vaccine uptake and coverage, as well
as the availability and, finally, its affordability from the perspective of the payer.

Consequently, this analysis highlights and demonstrates how suboptimal vaccination
coverage represents a missed opportunity, not only because of the increased burden of
HPV-related diseases, but also in terms of economic loss. Thus, reaching national HPV
immunization goals is a public health priority.

Strength and Limitation
The study presents some limitations and some strengths. The lifetime projection

model has a high level of uncertainty, though the sensitivity analysis showed important
advantages. Again, the model is based on assumptions for 2020–2021 coverage, and yet a
scenario analysis was conducted. The study, in light of the highlighted results and in terms
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of both the economic and epidemiological benefits, is a valuable tool for decision makers to
be able to make an informed decision regarding vaccination policies in Italy.
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