EXPERT
REVIEW Expert Review of Vaccines

0F VACCIMES

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/ierv20

©

Taylor & Francis

Taylor & Francis Grou

P

Public health impact and return on investment of
the pediatric National Immunization Program in
Italy

Marco Barbieri, Sandra E. Talbird, Justin Carrico, Sara Boccalini, Angela
Bechini, Paolo Bonanni, Claire E. Mellott, Francesca Senese, John Cameron
Lang & Goran Bencina

To cite this article: Marco Barbieri, Sandra E. Talbird, Justin Carrico, Sara Boccalini,
Angela Bechini, Paolo Bonanni, Claire E. Mellott, Francesca Senese, John Cameron Lang
& Goran Bencina (2024) Public health impact and return on investment of the pediatric
National Immunization Program in Italy, Expert Review of Vaccines, 23:1, 974-985, DOI:
10.1080/14760584.2024.2411425

To link to this article: https://doi.org/10.1080/14760584.2024.2411425

A
© 2024 The AUthor(S). Published by Informa h View Supp|ementary material @
UK Limited, trading as Taylor & Francis

Group.
% Published online: 20 Oct 2024. Submit your article to this journal &
. ) A
||I| Article views: 455 & View related articles &'

® View Crossmark data (&'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ierv20


https://www.tandfonline.com/journals/ierv20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14760584.2024.2411425
https://doi.org/10.1080/14760584.2024.2411425
https://www.tandfonline.com/doi/suppl/10.1080/14760584.2024.2411425
https://www.tandfonline.com/doi/suppl/10.1080/14760584.2024.2411425
https://www.tandfonline.com/action/authorSubmission?journalCode=ierv20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=ierv20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/14760584.2024.2411425?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/14760584.2024.2411425?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/14760584.2024.2411425&domain=pdf&date_stamp=20%20Oct%202024
http://crossmark.crossref.org/dialog/?doi=10.1080/14760584.2024.2411425&domain=pdf&date_stamp=20%20Oct%202024
https://www.tandfonline.com/action/journalInformation?journalCode=ierv20

EXPERT REVIEW OF VACCINES
2024, VOL. 23, NO. 1, 974-985
https://doi.org/10.1080/14760584.2024.2411425

e Taylor & Francis
Taylor &Francis Group
a OPEN ACCESS | ™ Check for updates

Public health impact and return on investment of the pediatric National
Immunization Program in Italy

ORIGINAL RESEARCH

Marco Barbieri?, Sandra E. Talbird®, Justin CarricoP, Sara Boccalini¢, Angela Bechini<, Paolo Bonannic, Claire E. Mellott®,
Francesca Senese?, John Cameron Lang® and Goran Bencina’

aYork Health Economics Consortium, University of York, York, UK; PRTI Health Solutions, Research Triangle Park, NC, USA; “Department of Health
Sciences (DSS), University of Florence, Florence, Italy; 9MSD lItaly, Rome, Italy; Biostatistics and Research Decision Sciences, Merck Canada Inc.,
Quebec, Canada; ‘Outcomes Research, Value & Implementation, MSD, Madrid, Spain

ABSTRACT

Objectives: We conducted a cost-benefit analysis of the pediatric National Immunization Program (NIP)
in Italy.

Methods: An economic model evaluated the benefit-cost ratio (BCR) of the Italian pediatric NIP,
including 10 pathogens for mandatory vaccines and 4 pathogens for recommended vaccines for
children aged 0-10 years from the healthcare-sector and societal perspectives. Separate decision trees
were used to model each vaccine-preventable disease (VPD). The 2020 birth cohort (n=420,084) was
followed over their lifetime; the model projected and compared discounted disease cases, life-years,
quality-adjusted life-years (QALYs), and costs (2021 euros) with and without immunization (based on
current and pre — vaccine era disease incidence estimates, respectively).

Results: The pediatric NIP was estimated to prevent 1.8 million cases of VPDs and 3,330 deaths,
resulting in 45900 fewer life-years lost and 57,000 fewer QALYs lost. Vaccination costs of
€285 million were offset by disease cost savings of €1.6 billion, resulting in a BCR of 5.6 from
a societal perspective (BCR=1.7 from a healthcare-sector perspective). When QALYs gained were
valued, the BCR increased to 15.6.

Conclusions: The benefits of the Italian pediatric NIP, including averted disease-related morbidity,
mortality, and associated costs, highlight the value of continued investment in pediatric immunization.
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1. Introduction

Vaccines are among the most cost-effective strategies to pro-
mote public health, preventing infectious diseases and the
associated morbidity, mortality, and disability [1]. It has been
acknowledged and recommended that to capture the true
value of vaccines and vaccination programs, economic evalua-
tions need to consider both the protection provided to vacci-
nated individuals and the protection provided to unvaccinated
individuals through reduced circulation of pathogens resulting
in herd immunity [2]. The ISPOR Task Force for Economic
Evaluation of Vaccines further notes that economic evalua-
tions should capture the effect of both direct and indirect
effects of vaccination, including benefits and harms, such as
serotype replacement and shift in age of risk of infection [3].
Beyond the economic impacts on individuals and the health-
care system, public vaccination programs also have economic
implications for society at large [4]. A recent review paper
noted that vaccination yields benefits beyond individual pro-
tection against an initial vaccine-preventable disease (VPD),
including reductions in long-term disease complications,
health or productivity gains for caregivers, and benefits at
the societal level (e.g. reduced antibiotic use and subsequent

antimicrobial resistance, reduced threat of infectious diseases
or outbreaks, and enhanced population productivity leading
to higher gross domestic product). Because such benefits may
not be fully reflected in the economic evidence, the true
economic impact of vaccination programs may be underre-
cognized [5]. Analyzing the return on investment from
a societal perspective can improve understanding of the
broad economic impact of vaccine programs [6].

Italy has introduced pediatric immunization gradually,
establishing a comprehensive pediatric national immunization
program (NIP) since 1978 [7,8]. Up to 2016, vaccination against
four pathogens (polio, tetanus, diphtheria, and hepatitis B)
was mandatory by law for all newborns; all other available
vaccines (measles-mumps-rubella, pertussis, Haemophilus
influenzae  type b [Hib]l, Streptococcus pneumoniae
[S. pneumoniae], and meningococcal C [MenC]) were only
recommended (not mandated) in the NIP [9]. The subsequent
2017-2019 NIP encompassed 10 vaccinations (the 6 patho-
gens included in the hexavalent vaccine [diphtheria, tetanus,
pertussis, poliomyelitis, hepatitis B, and Hib] plus the measles,
mumps, rubella, and varicella pathogens included in the
measles, mumps, rubella, and varicella [MMRV] vaccine) that
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were made mandatory since mid-2017 by a national law for
school attendance of children and adolescents aged 0-16
years [10]. The 2017-2019 NIP release and the approval of
Law 119/2017 [10] enacting the extension of mandatory vac-
cinations and the introduction of sanctions against ‘anti-
vaxxer’ physicians were characterized by strong political com-
mitment and by a heated political and media debate [11-13].
The 2017-2019 NIP has newly recommended some vaccines
after a period when they were offered only in some regions:
rotavirus (RV), varicella, and meningococcal B (MenB), and has
maintained the offer of the already recommended Men
C vaccine to all children. In addition, Italian regions were
allowed to decide autonomously whether to offer the mono-
valent C or the quadrivalent ACWY (MenACWY) formulation
[14]; since the 2017-2019 NIP and continuing with the
2023-2025 NIP, Italy has had one of the most comprehensive
pediatric immunization schedules across Europe [8,15,16].

Prior analyses have evaluated the costs, economic impact,
and financial rate of return of routine pediatric immunization
in Europe and other countries. The cost of vaccination
throughout a lifetime in 23 European countries was found to
range from €592 (in Romania) to €3,504 per person (in
Germany) (year 2022 euros) [17]. In Belgium, for the 2018
birth cohort, pediatric immunization was associated with over-
all discounted savings of €35 million and €268 million from
the healthcare-sector and societal perspectives, respectively,
with benefit-cost ratios (BCRs) of 1.4 and 3.2, respectively [18];
similar analyses in Poland estimated even higher BCRs for
pediatric immunization (BCRs of 2.2 and 7.6, respectively)
[19]. Analyses in the United States (US) have also consistently
shown a positive return on investment for the childhood
vaccination program, even as it has expanded over the last
20 years to include additional vaccines [20-22].

Prior economic evaluations have been conducted in Italy to
evaluate the inclusion of new pediatric vaccines in the NIP,
such as the hepatitis B vaccine, MenB vaccine, pneumococcal
conjugate vaccine (PCV), RV vaccine, varicella vaccine, and
influenza vaccine [23-30]. These studies are valuable to under-
stand the incremental costs, health gains, and cost-
effectiveness of introducing a new vaccine into the Italian
NIP; however, due to constraints on immunization budgets,
it is also valuable to evaluate the overall economic impact of
the pediatric immunization program. To our knowledge, this is
the first study to evaluate the public health benefits and
economic impact of the 2017-2019 Italian pediatric NIP
using actual vaccination coverage rates (VCRs).

The objective of this analysis was to estimate the public
health impact and return on investment of the Italian pediatric
NIP for children ages 10 years and younger.

2. Methods
2.1. Model description

We developed a decision tree model in Microsoft Excel
(Microsoft, Redmond, WA) to estimate the health and eco-
nomic impact of the Italian NIP. The model focused on the
following vaccines included in the Italian NIP for children less
than 10 years of age: hexavalent (diphtheria, tetanus, acellular
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pertussis, and inactivated poliovirus [DTaP-IPV]-hepatitis
B [HepBJ-Hib), MMRV, MenB, MenACWY, PCV, and RV.
Influenza vaccination, while recently recommended for chil-
dren aged 6 months to 6years [31], was excluded from the
analysis due to the recency of the recommendation in children
and low current uptake [32]. The 2020 lItalian birth cohort was
modeled and followed for their lifetime according to age-
specific life expectancy in Italy in 2020 [33]. Vaccination of
the birth cohort was modeled using historic VCRs [34,35] and
timing of vaccination doses according to Italy’s recommended
immunization schedule for children during the first 10 years of
life [36]. Separate decision trees were used to calculate the
health outcomes and costs of each VPD covered by the NIP.

The model structure, which was used to analyze the routine
childhood immunization program in the US, has previously
been described [20]. Briefly, two analytical scenarios were
constructed: one in which routine pediatric immunization
occurred according to the ltalian NIP, and one in which no
immunization occurred.

e For the ‘With NIP’ analysis, incidence rates per 100,000
for each of the modeled diseases were calculated on the
basis of incidence from either 2018 (where available) or
the most recent year available.

e For the ‘No NIP’ analysis, incidence rates were taken from
published sources reflecting pre-vaccine incidence from
the year prior to routine recommendation of each spe-
cific vaccine.

The model calculated and compared health outcomes (in
monetary terms) and costs discounted at 3% per year [37]
over the birth cohort's lifetime for the With NIP and No NIP
analyses. Outcomes for each analysis were calculated and the
following incremental outcomes reported: cases avoided, dis-
ease-related deaths averted, life-years (LYs) gained, quality-
adjusted LYs (QALYs) gained, disease-related costs averted,
and vaccination program costs. Analyses were conducted
from both the healthcare-sector perspective and societal
perspective.

2.2. Vaccination program costs

We calculated the costs of the NIP for children aged 0-10 years
from time zero (birth), with the timing of vaccine costs over
the cohort’s first 10 years of life based on the immunization
schedule (Table 1). For each vaccine, we calculated the num-
ber of vaccine doses by multiplying the number of individuals
alive in the birth cohort at each recommended age of vaccina-
tion by the vaccine coverage rate at that dose. VCRs were
based on historical data from 2019 [34], except for RV and
MenACWY, which had higher VCRs in 2020 due to the recency
of their recommendations [35]. Coverage rates were not
adjusted to account for the possibility of a proportion of the
birth cohort receiving the vaccine later than the recom-
mended age, as this was out of scope of the analysis.

Cost of the pediatric NIP from the Italian National Health
Service (NHS) perspective included vaccine acquisition costs
without value added tax (10%) using 2020 prices reported in
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Table 1. Italian NIP schedule, vaccine coverage rates, and vaccine acquisition costs.

Vaccine coverage rates

Vaccine Age at vaccination [34,35]°
Diphtheria, tetanus, acellular pertussis, and inactivated poliovirus (DTaP-IPV) booster 6 years 88.6%
Hexavalent (DTaP-IPV-HepB-Hib) 3 months, 5 months, 11 months 95.0%
Measles, mumps, rubella, and varicella (MMRV) 13 months, 5 years 94.5%
Meningococcal B (MenB) 3 months, 4 months, 5 months, 13 months 69.0%
Meningococcal ACWY (MenACWY) 13 months 51.3%
Pneumococcal conjugate (PCV) 3 months, 5 months, 11 months 92%
Rotavirus (RV)? 62.8% overall
2-dose series: 3 months, 5 months 34.5%
3-dose series: 3 months, 5 months, 6 months 28.3%

HepB = hepatitis B; Hib = Haemophilus influenzae type b; NIP = National Immunization Program; VCR = vaccine coverage rate.
®Rotavirus VCR of 62.8% [34] is split between the 2-dose and 3-dose series as shown in the table, based on estimated market share that 55% of those vaccinated

with an RV vaccine receive the 2-dose series and 45% receive the 3-dose series.

the National Report on Medicines use in Italy by the Italian
Medicines Agency (Agenzia Italiana del Farmaco; AIFA), which
reflected the average prices paid by regions after mandatory
rebates for public procured vaccines [38]; an administration
cost of €6.80 per vaccine dose administered [39]; vaccine
wastage at a rate of 5% to account for unused multi-dose
vials [22]; and vaccine-related adverse event costs. Vaccine
acquisition and administration costs were calculated by multi-
plying the number of vaccine doses by acquisition costs per
dose and the administration cost per dose and summing costs
across all vaccines and discounting to account for the timing
of vaccination. Vaccine-related adverse event costs were simi-
larly calculated by multiplying the number of vaccine doses of
each vaccine by the respective adverse event rate per 100,000
vaccine doses for that vaccine [40] and by the cost per adverse
event [28,41-43]. Adverse event rates and costs per adverse
event are summarized in the Supplement (Tables S2-S3).

For the societal perspective, the cost of the pediatric NIP
included all direct medical costs described above plus produc-
tivity loss costs for caregiver time for vaccination. Because
multiple vaccines can be given at a single physician visit,
vaccines that are scheduled for the same age (e.g. hexavalent,
MenB, PCV, and RV vaccines at 3 months of age) were
assumed to be given at the same visit and only incur the
cost of time loss for one visit. Thus, productivity loss costs
for vaccination were calculated by multiplying the total num-
ber of expected visits associated with the NIP schedule by the
mean hourly wage of a caregiver. An average wage of €90 -
per day (€11.25 per hour) was applied for a caregiver or one
parent missing time from work [44]; this was multiplied by
1.2 hours per vaccination visit (taken from a cost-effectiveness
analysis of varicella vaccination in Italy [27]) to calculate pro-
ductivity loss costs. Travel costs for caregivers were assumed
to be negligible and excluded from the analysis.

2.3. Disease incidence and health outcomes

We considered incidence data before and after each vaccine
was routinely recommended in the Italian NIP (Table 2). Dates
for when routine vaccination was introduced in Italy and
sources for the incidence data are detailed in Supplement
Table S1. Pre-vaccine incidence data for the No NIP analysis
were obtained from the published literature; vaccine-era inci-
dence data for the With NIP analysis were based on rates of
notifications, preferentially from the National Institute of

Health (Epicentro website) or, in absence of primary surveil-
lance systems data, from the Surveillance Atlas of Infectious
Diseases (European Centre for Disease Prevention and Control
[ECDC]) for Italy in 2018 [45,46]. For both time periods, age-
specific incidence was used when available.

Incidence rates were multiplied by disease-specific under-
estimation factors for VPDs where incidence estimates were
unlikely to capture the full burden of disease for various reasons
(e.g. underreporting to surveillance system, underdiagnosis,
not seeking medical care) (Table 2). Underestimation factors
were differentiated between under ascertainment, where
underestimated cases are assumed to be uncomplicated or
nonmedically attended, and underreporting, where underesti-
mated cases were assumed to be medically attended but not
reported to a surveillance system [79]. Underestimation factors
were obtained from the published literature or were informed
by clinical expert opinion.

Using these adjusted annual pre-vaccine and vaccine-era
incidence rates and the most recent all-cause mortality in Italy,
the number of cases of disease was calculated for the 2020
birth cohort over the cohort’s lifetime on the basis of the
number of people alive and at-risk for disease each year. Case-
fatality ratios were multiplied by the number of disease cases
each year to calculate disease-related deaths.

Life-years lost was calculated overall and for each VPD as
the number of disease-related deaths each year multiplied by
the discounted life expectancy at the age of premature death
based on an ltalian life table [33]. QALYs lost due to disease-
related death was calculated similarly for each VPD and aggre-
gated across diseases on the basis of the quality-adjusted life
expectancy (QALE) at the age of premature death, where
discounted QALE was based on age-specific utility weights
for the general Italian population [80]. All clinical outcomes
were discounted to the present day using an annual discount
rate of 3% [37]; both undiscounted and discounted clinical
outcomes are presented.

2.4. Quality-of-life impacts

In the model, age-specific utility weights for the Italian popu-
lation were applied to healthy individuals who were vacci-
nated and thus protected from infection with a VPD, as well
as to individuals who survive infection with one of the mod-
eled VPDs and do not develop a long-term complication (i.e.
return to good health) [80]. QALY losses were then calculated
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No NIP (pre-vaccine)

With NIP (vaccine era)

Underestimation

Underestimation

Disease, age group Incidence per 100,000° factor® Incidence per 100,000° factor® References
Diphtheria UR: 1.0 UR: 1.0 [45,47]
<ly 3184 0.0
1-14y 37.7-82.4 0.0
>15y 1.3-7.0 0.0
H. influenzae type b UR: 1.1 UR: 1.0 [48-50]
<5y 9.0 0.0-03
25y 0.0 0.0-0.1
Hepatitis B UA: 6.0 UA: 6.0 [51,52]
<15y 6.0 0.0
15-24 y 42.0 0.0
225y 7.0 0.0-0.7
IMD (serogroups A, B, C, W, Y) UR: 3.3 UR: 1.0 [46,49,53]
<y 24 24
1-24y 04-1.1 04-0.7
225y 0.0-0.1 0.2
Measles UR: 10.0 UR: 1.7 [46,54,55]
<5y 174.3 - 390.7 174 - 395
5-29y 43.8 - 249.7 33-137
230y 40.2 - 96.7 2.2
Mumps UR: 10.0 UR: 1.4 [46,55,56]
<5y 41.5 - 656.2 1.7 -17.7
5-29y 19.7 - 218.1 0.6 - 8.0
230y 1.1-29 0.3
Pertussis [45,46,57,58]
<ly 519.5 UA: 1.8 50.4 UA: 1.8
1-14y 105.8 - 308.1 UA: 9.2 - 129 56-93 UA: 9.2 - 129
215y 13-69 UA: 129 0.1-0.8 UA: 129
Polio UR: 1.0 UR: 1.0 [45]
<5y 59.0 0.0
5-14y 6.0 0.0
=15y 08 0.0
Rotavirus (<5 y only) [26,59,60]
Hospitalizations 363.8 - 526.0 UR: 1.0 203.0 - 203.3 UR: 1.0
ED visits 1,481.5 - 3,574.0 UR: 1.0 329.3 - 679.1 UR: 1.0
Outpatient visits 1,777.7 - 4,289.0 UR: 1.0 471.0 - 1,008.0 UR: 1.0
NMA cases 11,641.6 -16,832.0 N/A 3,084.4 - 3,955.9 N/A
Rubella UR: 10.0 UR: 1.4 [55,61,62]
<5y 14-1996 0.1-24
5-29y 14.4 - 57.7 0.1-0.2
>30y 3.8-10.1 0.0
S. pneumoniae (<18 y only)
IPD UR: 3.8 UR: 3.8 [49,63,64]
<ly 120 5.0
<1-10y 14-59 0.5-23
<11-17y 0.6 0.3
Pneumococcal pneumonia hospitalizations® UR: 1.0 UR: 1.0 [65-67]
<11y 75.7 6.3
1M1-17y 14.2 15
Pneumococcal pneumonia outpatient visits® UR: 1.0 UR: 1.0 [66-69]
<My 3126 26.1
1M-17y 58.5 6.2
Pneumococcal AOM® 5,368.0 - 9,768.0 UR: 1.0 693.3 - 3,528.9 UR: 1.0 [70-73]
Tetanus UR: 1.4 UR: 1.0 [46,74,75]
<ly 0.6 0.0
1-14y 0.6 0.0
>15y 05-7.0 0.0-03
Varicella UR: 1.2 UR: 1.0 [76-78]
<15y 2,478.0 - 9,969.0 285.0 - 1,146.4
215y 27.2 - 66.5 27 -6.7

AOM = acute otitis media; ED = emergency department; IMD = invasive meningococcal disease; IPD = invasive pneumococcal disease; N/A = not applicable; NIP =
National Immunization Program; NMA = nonmedically attended; UA = underascertainment; UR = underreporting.
A range indicates that incidence varies by age group within the presented range.
PUnderestimation is differentiated by UA, where underestimated cases are assumed to be uncomplicated or nonmedically attended, and UR, where underestimated
cases are assumed to be medically attended but not reported to the surveillance system. The underestimation factors for hepatitis B (pre-vaccine and vaccine era),
measles (pre-vaccine and vaccine era), mumps (pre-vaccine and vaccine era), rubella (pre-vaccine and vaccine era), and varicella (pre-vaccine) were informed by
expert opinion, although Ciofi Degli Atti et al. [55] estimated significant underreporting for several pediatric vaccine-preventable diseases in Italy. Underestimation
factors were not applicable to NMA rotavirus, as incidence of NMA disease was based on an assumed 32:1 incidence ratio for NMA rotavirus to hospitalized

rotavirus [60].

“Calculated from all-cause pneumonia and otitis media incidence rates, which were adjusted to account for the percentage of cases that were due to S. pneumoniae.
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to capture the impact of vaccine-related adverse events on
quality of life and the impact of disease on quality of life.

The number of vaccine-related adverse events experienced
by the birth cohort was calculated using VCRs and the adverse
event rate per 100,000 doses for each vaccine in the Italian
pediatric NIP [40] (Supplement Table S2). The total number of
QALYs lost due to adverse events was then calculated by
multiplying the number of adverse events for each vaccine
by the QALY loss per event (Supplement Table S3) and dis-
counting on the basis of the year of vaccination.

For disease-related QALY losses, the model captured the
impact of the acute case of illness, long-term complications
(where applicable), and disease-related death (where applic-
able). For the acute case of illness, QALY loss per case was
calculated using disease- and severity-specific disutility values
and their associated duration of illness to calculate QALYs lost
per case; due to the lack of Italy-specific quality-of-life data,
these inputs were based on global estimates published in
Carrico et al. [20]. For long-term complications following the
initial infection that persists for a patient’s remaining lifetime,
the disutility value was applied each year for the individual's
remaining life expectancy based on the age at infection. For
lifelong complications that likely shorten life expectancy com-
pared with the average life expectancy in Italy (e.g. neurolo-
gical deficits following a proportion of meningitis cases or
encephalitis cases), we assumed shortened durations of
remaining years of life based on the method used in an
economic analysis of varicella vaccination in Italy by Thiry
and colleagues [27]. This was a conservative approach com-
pared with the previously published analyses of this model in
the US, Belgium, and Poland that assumed average remaining
life expectancy for individuals with congenital rubella syn-
drome and individuals with lifelong complications following
a case of meningitis or a case of encephalitis [18-20]. For
disease-related deaths, QALYs lost were calculated on the
basis of the QALE at the age of premature death. All QALY
losses were discounted to the time of the analysis using an
annual discount rate of 3% [37]. Details on quality-of-life utility
values, disutility values, and QALY loss per disease are
included in the Supplement (Table S17).

2.5. Direct medical costs

To capture the costs of cases of VPDs, the model multiplied
the number of cases of each disease by the cost per case,
considering different levels of healthcare resource utilization
and/or severity of clinical outcomes. Costs per case included
all direct medical costs for diagnosis and treatment of the
acute case (i.e. inpatient, outpatient, and/or medication costs
where applicable). Costs per case and the probability of clin-
ical outcomes by severity are provided in the Supplement
(Tables S4-516). For some VPDs, nonmedically attended cases
were included. Nonmedically attended cases were assumed to
have no direct medical cost because medical care was not
sought; however, they incurred QALY losses as well as pro-
ductivity loss costs (for the patient or one caregiver).

For diseases with long-term complications that lead to life-
time disability or management (e.g. encephalitis-related neu-
rological impairment), a probability of complication was

applied among survivors of the acute infection and then an
annual cost of management of long-term sequelae was
applied for the remaining lifetime of the individual affected.
Because cases of disease can happen at any age of the mod-
eled birth cohort, the cost of lifetime sequelae management
accounted for the age at which infection occurred, age-
specific remaining life expectancy based on Italian life tables,
and discounting of future costs at 3% per year.

All direct medical costs reflect the cost of care in the
current vaccine era in Italy and were reported in 2021 euros,
where needed, costs were inflated to 2021 euros [81].

2.6. Productivity losses costs due to disease

The human capital approach was applied to calculate the
value of time loss due to acute disease, long-term complica-
tions, and disease-related mortality [82]. The annual number of
cases of the disease was multiplied by the number of days of
productivity loss per case (by severity type) divided by 365;
time loss for cases of disease among children was multiplied
by an estimated average wage for a caregiver (€90 per day) in
Italy [44]. As the cohort aged, productivity losses were multi-
plied by an age-specific wage of the patient (aged 15-64
years); productivity losses were not included after the cohort
was 65years and older. Time loss estimates per case are
provided in the Supplement (Table S18).

Remaining life expectancy at the age of infection or death
and age-specific wages were used to calculate discounted
productivity losses associated with lifelong complications
and disease-related deaths. Similar to discounted lifetime
QALY losses for deaths and lifelong complications, the average
life expectancy was used as the duration of productivity losses
for all disease-related deaths; for those who developed life-
long sequelae, a reduced annual wage and reduced life expec-
tancy (using the method in Thiry and colleagues [27]) were
conservatively assumed. Wages for a caregiver or patient in
Italy in 2020 and assumptions around reduced annual wages
for disabled individuals with lifelong complications are
detailed in the Supplement (Tables S19-520).

2.7. Analyses

All outcomes were calculated for each modeled disease for the
two analyses: With NIP and No NIP (i.e. a counterfactual sce-
nario in which the NIP had been discontinued and incidence
was to revert to pre-vaccine levels). Outcomes included cumu-
lative cases averted, deaths averted, LYs gained, QALYs
gained, and direct and indirect costs averted over the birth
cohort’s lifetime and were calculated and discounted at 3%
each year. For the healthcare-sector perspective, total costs
averted were calculated as the discounted cumulative cost of
the vaccination program minus discounted lifetime direct
medical costs of disease cases averted; for the societal per-
spective, total costs averted were calculated as vaccination
program costs minus discounted lifetime direct and indirect
costs of disease cases averted. The BCR of the Italian NIP was
then calculated for each perspective by dividing the total costs
averted by the vaccination program cost. A classical cost-
benefit analysis was not conducted in the base-case analysis,



but an attempt to provide an economic value to QALYs gained
was made in a scenario analysis.

2.7.1. Scenario analyses

In addition to base-case analyses, we conducted scenario
analyses to assess the robustness of the analysis results to
changes in key assumptions across all modeled diseases and/
or vaccines. The modeled scenarios considered the following
relative variations from base-case input values or analysis set-
tings: (1-2) £20% variation in pre-vaccine disease incidence,
(3-4) + 20% variation in vaccine-era disease incidence, (5-6) +
10% change in vaccination program costs, (7-8) = 10% change
in healthcare-sector disease-related costs, (9-10)+ 10%
change in disease case-fatality rates, (11) inclusion of the
economic value of QALYs gained in the BCR calculation from
the societal perspective (cost-benefit analysis), and (12) exclu-
sion of productivity losses due to disease-related mortality.

3. Results
3.1. Base-case analysis

The Italian pediatric NIP was estimated to have reduced dis-
ease incidence from pre-vaccine incidence, ranging from 63%
to nearly 100%, with a > 95% reduction in diphtheria, hepatitis
B, measles, mumps, pertussis, polio, rubella, and tetanus. Cases
of diphtheria, Haemophilus influenzae type b, polio, rubella,
and tetanus were each reduced to fewer than 100 cases in
the lifetime of the birth cohort. Across the VPDs targeted, the
NIP was estimated to prevent 1.8 million cases of infections
and 3,330 deaths (undiscounted) over the lifetime of the 2020
Italy birth cohort. Vaccination averted the greatest number of
cases of varicella (359,500), pneumococcal acute otitis media
(351,800), and measles (327,700). Vaccination had the largest
impact in averting deaths caused by hepatitis B and
diphtheria. When health outcomes were discounted (for use
in the cost-benefit analysis), the Italian NIP was estimated to
prevent 45,900 LYs lost and 57,000 QALYs lost (Table 3). QALYs
lost due to vaccine-related adverse events were negligible.

Table 3. Health outcomes by disease for with NIP versus No NIP.
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Pediatric immunization averted €419 million in (dis-
counted) direct medical costs associated with disease cases
averted (Figure 1). The breakdown in disease-related cost
averted shows that avoided cases of polio and diphtheria led
to the greatest cost saving from the healthcare-sector per-
spective, with these making up 27.2% and 14.8% of all cost
savings. From a societal perspective, the greatest cost savings
were from avoided cases of diphtheria and hepatitis
B (Figure 2).

The NIP was associated with discounted vaccination costs
of €251 million (€600 per person in the birth cohort) from the
healthcare-sector perspective and €285 million (€680 per per-
son in the birth cohort) from the societal perspective.
Vaccination costs over the birth cohort’s first 10 years of life
were fully offset by the €419 million (€1,000 per person in the
birth cohort) and €1.6 billion (€3,830 per person in the birth
cohort) in disease-related costs averted over the cohort’s life-
time from the healthcare-sector perspective and societal per-
spective, respectively. Pediatric immunization was associated
with €168 million in discounted averted direct medical costs,
leading to a BCR of 1.7 from the healthcare-sector perspective;
the NIP resulted in €1.3 billion in discounted averted societal
costs, leading to a BCR of 5.6 from the societal perspective
(Table 4; Figures 1 and 2).

3.2. Scenario analyses

Scenarios that varied the methodological assumptions had the
largest impact on societal BCRs (Table 5), as the societal BCR
increased from 5.6 in the base-case analysis to 15.6 when the
economic value of QALYs gained was included in the BCR
calculation, whereas the societal BCR decreased to 2.7 when
productivity losses due to disease-related mortality were
excluded from the societal perspective.

Among scenarios that varied assumptions for epidemiolo-
gical and economic input data, BCRs were most sensitive to
pre-vaccine incidence, as societal BCRs ranged from 4.5 to 6.8
when pre-vaccine incidence across all diseases was varied by
—20% and +20%, respectively (Scenarios 1-2). BCRs were also

Disease Cases averted (undiscounted) Deaths averted (undiscounted) LYs gained QALYs gained
Diphtheria 5,820 1,160 27,800 26,900
Hepatitis B 22,500 1,490 11,800 15,500
H. influenzae type b 200 4 120 290
IMD (serogroups A, B, C, W, Y) 180 11 230 750
Measles 327,700 50 570 1,440
Mumps 194,600 0 0 700
Pertussis 143,300 80 1,960 3,580
Polio 1,700 34 860 1,150
Rotavirus 267,900 3 90 860
Rubella 73,400 2 45 360
S. pneumoniae® 370,500 15 390 2,040
Tetanus 1,180 470 1,870 1,750
Varicella 359,500 6 110 1,680
Total (discounted) N/A N/A 45,900 57,000
Total (undiscounted) 1,768,600 3,330 170,000 183,000

IMD = invasive meningococcal disease; LY = life-year; N/A = not applicable; NIP = National Immunization Program; QALY = quality-adjusted life-year.

Note: Life-years and QALYs gained are discounted at 3% per year. Outcomes with values that are greater than 10,000 are rounded to the nearest hundred, whereas
values that are greater than 100 but less than 10,000 are rounded to the nearest 10. Totals may not equal the sum of disease-specific outcomes due to rounding.

?Outcomes for pneumococcal disease are reported as a sum of cases of invasive pneumococcal disease (IPD) and estimated cases of pneumococcal pneumonia and
acute otitis media (AOM). The breakdown of undiscounted cases averted includes 460 cases of IPD 18,300 cases of pneumococcal pneumonia, and 351,800 cases

of pneumococcal AOM.
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Costs are discounted at 3% per year and presented in 2021 euros.

moderately sensitive to variations in vaccination costs, with
societal BCRs of 6.3 and 5.1 when total vaccination program
costs (acquisition, administration, adverse events, and indirect
costs) were varied by —10% and +10%, respectively (Scenarios
5-6). Variation in vaccine-era incidence, healthcare-sector dis-
ease-related costs, and disease case-fatality rates only minorly
impacted societal BCRs for the NIP (societal BCR changed
by <0.3). The NIP remained cost saving (i.e. BCRs remained

above 1) from the healthcare-sector and societal perspectives
in all scenarios.

4. Discussion

Our study estimated that the pediatric NIP in Italy would
prevent 1.8 million cases of infections, 3,330 deaths 45,900
LYs lost (discounted), and 57,000 QALYs lost (discounted) over
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Table 4. Cost-benefit analysis for the Italian NIP compared with no NIP.

Healthcare-sector perspective Societal perspective

Incremental outcome (€ millions) (€ millions)
Vaccination program costs 251.1 285.1
Acquisition 214.8 214.8
Administration 36.2 36.2
Adverse events 0.1 0.1
Productivity loss (time loss) for vaccination N/A 34.1
Disease-related costs averted 419.5 1,609.0
Disease treatment 419.5 419.5
Productivity loss due to disease N/A 3441
Productivity loss due to disease-related mortality N/A 8454
Total costs averted® 168.4 1,323.8
Benefit-cost ratio 1.7 5.6

N/A = not applicable; NIP = National Immunization Program.

Note: costs are discounted at 3% per year and presented in 2021 euros.
?Costs averted may not equal disease-related costs averted minus vaccination program costs exactly due to rounding.

Table 5. Scenario analysis results.

Scenario Healthcare-sector BCR Societal BCR
Base case 1.7 5.6
Scenario 1: 20% increase in pre-vaccine incidence 2.0 6.8
Scenario 2: 20% reduction in pre-vaccine incidence 13 4.5
Scenario 3: 20% increase in vaccine-era incidence 1.6 5.6
Scenario 4: 20% reduction in vaccine-era incidence 1.7 5.7
Scenario 5: 10% increase in vaccination program costs 15 5.1
Scenario 6: 10% reduction in vaccination program costs 1.9 6.3
Scenario 7: 10% increase in healthcare-sector disease-related costs 1.8 5.8
Scenario 8: 10% reduction in healthcare-sector disease-related costs 15 5.5
Scenario 9: 10% increase in case-fatality rates 1.7 59
Scenario 10: 10% reduction in case-fatality rates 1.7 5.4
Scenario 11: inclusion of the economic value of QALYs gained in the BCR calculation (societal perspective only) N/A 15.6
Scenario 12: Exclusion of productivity losses due to disease-related mortality 1.7 2.7

BCR = benefit—cost ratio; N/A = not applicable; QALY = quality-adjusted life-year.

the lifetime of the 2020 Italian birth cohort. Continued invest-
ment in the vaccination program year over year is estimated
to result in a net savings of €1.3 billion, with a BCR of 5.6 from
a societal perspective, which translates to a return on invest-
ment of €5.6 to society for every €1 spent.

This study is the first to our knowledge to evaluate the
return on investment of the Italian NIP, including all manda-
tory and recommended pediatric vaccines as of 2019. BCRs
estimated for the Italian NIP were within the range of BCRs
estimated in Belgium and Poland using the same modeling
framework [18,19]. One previous study estimated the impact
of immunization on population-level morbidity and mortality
from 10 VPDs in Italy through 2015 [83]. Relative reductions in
disease cases estimated in our study were higher than esti-
mates from Pezzotti and colleagues (Supplement Table S22),
which accounted for temporal trends in disease activity prior
to vaccine introduction and did not attempt to adjust disease
incidence estimates for underdiagnosis or underreporting.
Notably, Pezzotti and colleagues estimated only a 42% reduc-
tion in varicella cases after vaccine introduction, as the analysis
timeframe preceded mandatory vaccine recommendations
and population-level vaccine coverage was, therefore, low at
30% [83]. In our study, where coverage for varicella-containing
vaccine was estimated to be over 90%, relative case reduction
was estimated to be 90% based on observed vaccine effec-
tiveness in Italy [78,84]. The study by Pezzotti and colleagues
also did not estimate the impacts of pediatric immunization

on Haemophilus influenzae type b, RV, or S. pneumoniae; reduc-
tions in incidence after introduction of these vaccines were
estimated to be substantial in our study (93%, 74%, and 77%
reductions in Haemophilus influenzae type b, RV, and
S. pneumoniae incidence, respectively).

The BCR, our primary measure of return on investment in
this study, differed substantially between the healthcare-
sector perspective (where only direct medical costs were con-
sidered) and the societal perspective. This difference is aligned
with our findings in other countries, where productivity losses
due to morbidity and mortality from averted cases of disease
account for a large portion of the savings in costs [18-20].
Consistent with previous economic evaluations of immuniza-
tion programs, we used the human capital approach to esti-
mate productivity losses, which typically estimates larger
productivity losses than alternate approaches, such as the
friction cost method [18-20,22,85]. Although Italian economic
evaluation guidelines discuss the societal perspective, they do
not specify what approach should be used for valuing pro-
ductivity losses and gains [86]. We conservatively only
included market productivity losses for individuals less than
65 years of age, including market productivity loss for this age
group, as well as the value of nonmarket productivity for all
ages [87,88], would have led to a higher BCR. To address the
model’s sensitivity to productivity loss costs, we conducted
scenario analyses excluding productivity loss costs resulting
from death. In this scenario, the BCR decreased from 5.6 to 2.7,
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highlighting the sensitivity of our results to deaths averted.
Although sensitive to these productivity loss costs, these
results demonstrate the public health impact of the Italian
NIP in preventing both morbidity and early mortality as well
as the sustained value of the NIP even when indirect costs are
excluded from the analysis.

Although BCR was the primary outcome measure, no
attempt was made in the base-case analysis to quantify the
economic value of QALYs gained with NIP. However, in
a scenario analysis, it was estimated that, assuming
a willingness to pay of €50,000 per QALY, the BCR increased
from 5.6 to 15.6, emphasizing the impact of the NIP in redu-
cing mortality and morbidity. Despite the large uncertainty in
both pre-vaccine incidence and underestimation factors, sce-
nario analysis found that the BCR was relatively insensitive to
wide ranges of incidence tested across all modeled diseases
(range for societal BCR: 4.5-6.8).

A strength of our analysis was using pre-vaccine and cur-
rent-day incidence data based on observed reductions in
incidence of disease. This framework allowed for fewer
assumptions around vaccine efficacy and herd immunity for
each individual vaccine; however, it did require other assump-
tions (primarily around pre-vaccine incidence and data gaps or
limitations for diseases that are nearly or fully eradicated in
Italy). The analysis did not control for other temporal factors
(e.g. other public health improvements) that may have con-
tributed to reduced disease morbidity and mortality, nor did it
account for the extended benefits of vaccination, including
macroeconomic benefits, advances in health equity, and
reductions in antimicrobial resistance [89,90]. In addition, the
analysis did not account for regional immunization offers prior
to the 2017-2019 NIP, or for the possibility that some regions,
having adopted certain vaccinations before the NIP release,
may benefit from higher BCRs than others with less rigorous
immunization schedules and lower vaccine uptake.

This model framework did not allow for separately estimat-
ing the impact of the pediatric NIP, adolescent/adult booster
vaccines (i.e. MenACWY booster, Tdap booster), and adult
vaccines (i.e. PCV-13) in reducing incidence of disease over
a person'’s lifetime. To remedy this structural limitation with
our objective of estimating the return on investment and BCR
of the pediatric NIP, incidence of S. pneumoniae for ages >10
years was excluded from the analysis; this is conservative in
terms of the BCR because reduction in disease is likely due to
both adult pneumoccal vaccination in Italy and herd effects of
pediatric vaccination. The impact on disease control for
diphtheria, tetanus, pertussis, and meningococcus was deter-
mined by experts to be mostly attributable to the pediatric
NIP, with acknowledgment that our analysis likely slightly
overestimates the BCR by not accounting for the cost of
adolescent/adult booster doses.

An important limitation of this study was the challenge
around data availability. Pre-vaccine incidence for diseases
where routine vaccination pre-dated modern surveillance sys-
tems in ltaly led to concerns about the quality and possible
low reliability of data. To account for this, care was taken in
considering the difficulty in estimating true incidence, both
pre-vaccines and in the vaccine era. We applied an under-
estimation factor to adjust incidence for diseases that are

known to suffer from underreporting and/or underascertain-
ment using expert opinion; in the case of invasive pneumo-
coccal disease, incidence was adjusted using recently
published estimates of underreporting in Italy [64]. Although
adjusted incidence introduced additional assumptions to our
study, we validated our model projections to confirm that the
underestimation factors did not lead to nonsensical results for
VPDs where a primary infection can occur only once in
a person'’s lifetime (e.g. varicella zoster virus, hepatitis B). We
believe this undertaking to adjust the pre-vaccine and post-
vaccine incidence for underestimation led to more realistic
estimates of incidence compared with relying on data from
surveillance systems and led to an extension of previous
studies that excluded diseases with known underreporting
[83]. Another data limitation was that current disease manage-
ment cost estimates, particularly for high-severity cases, were
limited or unavailable for diseases that are nearly or fully
eradicated in Italy. Thus, Italian hospitalization costs for related
diagnosis-related group codes were used as proxies for some
severe disease case costs (e.g. diphtheria, tetanus), whereas
other costs were obtained from other countries (e.g. polio
costs were obtained from Belgium and converted to ltalian
currency, accounting for purchasing power parity).

Finally, our analysis focused on the 2017-2019 NIP, but the
2023-25 ltalian NIP [16] was recently released with important
changes, including a shift from MenC to MenACWY vaccine.
Our analysis included the MenACWY vaccine at age 13 months
(replacing MenC at the same age) because regional uptake of
this vaccine has shown to be strong. In fact, many Italian
regions started to offer (free of charge or with a copayment)
at the regional level the quadrivalent MenACWY vaccine even
before the release of the current 2023-25 NIP. Nevertheless,
vaccination coverage at age 24 months for the MenACWY
vaccine is lower than that reported for the monovalent
MenC vaccine at the national level, likely resulting in an under-
estimate of population-level meningococcal vaccine coverage
and subsequent vaccination costs. On the other hand, the cost
of the quadrivalent MenACWY vaccine is higher than that of
the monovalent MenC vaccine, which may compensate for the
underestimation in population-level coverage in our analysis.
Other recent updates to the NIP (e.g. seasonal influenza vac-
cine recommendation and reduction from four to three doses
of Men B vaccine) were out of the scope of this analysis, as it is
too early in the implementation of recent updates to assess
their impact. This analysis did not consider costs related to
infectious disease outbreaks where there are direct medical
and nonmedical costs incurred for reporting and responding
to such outbreaks. This was out of the scope of the analysis
but could be an important area of future research on the
economic costs related to outbreaks from VPDs, such as
measles outbreaks in Italy, and the importance of mandatory
vaccination to prevent outbreaks and the reemergence of
VPDs [91].

5. Conclusions

The ltalian pediatric NIP brings large-scale prevention of dis-
ease-related morbidity, mortality, and associated costs over



the lifetime with a positive return on investment for the
national health system and for society. This highlights the
value of continued investment in pediatric immunization and
the importance of sustained population-level vaccination cov-
erage to maintain the positive public health and economic
impact of the NIP.
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