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ABSTRACT

Objectives: A public economic framework was used to explore lifetime government costs and benefits
in relation to the Pediatric Immunization Program (PIP) in Belgium based on cases and deaths averted.
Methods: To estimate changes in net government revenue, we developed a decision-analytic model
that quantifies lifetime tax revenues and transfers based on changes in morbidity and mortality arising
from Belgium’s Pediatric Immunization Program (PIP). The model considered differences in incidence
rates with vaccines included in Belgium’s PIP: compared with the pre-vaccine era. Changes in deaths
and comorbid conditions attributed to PIP on the Belgium 2020 birth cohort were used to estimate
gross lifetime earnings changes, tax revenue gains attributed to averted morbidity and mortality
avoidance, disability transfer cost savings, and averted special education costs associated with each
vaccine.

Results: Vaccinating a single birth cohort according to the PIP gives rise to fiscal gains of €56 million in
averted tax revenue loss, €8 million disability savings, and €6 million special education cost-savings.
Based on the costs of implementing the PIP, we estimate the fiscal benefit—cost ratio (fBCR) of €2.2
investment return for the government from every €1 invested excluding longevity costs.
Conclusions: Reducing vaccine-preventable conditions generates tax revenue for the government,
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providing fiscal justification for sustained immunization investments.

1. Introduction

Vaccines are considered one of the most impactful public
health interventions to have been introduced in the last 100
years, responsible for saving countless lives and reducing the
spread of infectious diseases, thereby reducing significantly
untold suffering and the use of health-care resources [1,2].
Vaccines are known to be an economically efficient health-
care intervention, often shown to be either cost-saving or
cost-effective [3]. Despite the wide range of benefits attributed
to vaccines, and economic gains to be achieved from reducing
infectious conditions [4], Pediatric Immunization Program (PIP)
can often be under-resourced and vulnerable to budget cuts
[5]. This can be particularly concerning in the future if vaccina-
tion budgets do not keep pace with the introduction of new
vaccines to treat other conditions [6].

Across Europe and globally, the vaccines included in PIPs and
available for tax finance public funding can vary across countries,
as well as the number of doses that are recommended for the
same vaccine. Furthermore, in some cases vaccines can be
recommended, but not publicly funded or not recommended
and not funded [7]. The decision of whether to recommend and
fund a new vaccine can be governed by a range of factors

including budget limitations [8] which can contribute to differ-
ences in vaccine availability across countries. When viewed in the
context of national healthcare spending, vaccines represent
a small proportion of annual health-care budgets with an esti-
mated median spend of 0.3%, and per capita and spending can
vary across countries which likely reflects many factors, with the
number of vaccines included in PIPs just one of the important
factors [9,10]. The consequence of these varied decisions results
in inconsistent availability of vaccines across countries [7], which
is one of the factors underpinning calls by the European
Commission to establish harmonized and sustainable vaccina-
tion policies [11].

Across Europe and many other countries, cost-
effectiveness analysis has been introduced to evaluate
whether vaccines represent an efficient use of public funds.
This can be especially important for vaccines due to the
upfront public expenditure required and the necessary
ongoing commitment to fund programs annually. The con-
ventional approach when using economics to evaluate the
value of vaccines normally takes into consideration direct
health-care costs applying a health service perspective [8].
A recent review of HTA assessments of vaccines in
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Article highlights

e Population health can influence government accounts based on
changes in work activity attributed to morbidity and mortality.
Consequently, improvements in health or prevention of health events
and infectious diseases can have positive fiscal impact for
government.

o We explore this in relation to investments in the National Pediatric
Immunization Program (PIP) for childhood vaccination in Belgium.
We investigate how the PIP program in Belgium has reduced many
common infections experienced by children and how this in turn
impacts on the government accounts.

o The modeling framework translates health outcomes and resulting
impact on work activity into tax revenue. When the population is
healthy and able to work, the government benefits from this in terms
of direct and indirect taxes collected. Similarly, by preventing dis-
eases the government can reduce expenditure from health costs and
disability costs that arise for people with permanent disabilities that
arise from some infectious conditions experienced by children.

e We find that the Belgian government has a fiscal gain from the PIP
based on lifetime future net tax gains achieved by preventing infec-
tious diseases with vaccines. For each €1 spent on childhood immu-
nization the government gains €2.2 in lifetime net tax gains

e There are many reasons for continuing to fund childhood immuniza-
tion programs due to improvements in morbidity and mortality. The
findings here provide a fiscal justification for continued commitments
to vaccination programs.

developed countries identified that roughly half of the
broader value components including productivity of patients
and caregivers, cost off-sets that occur outside of the health
service, prevention of antimicrobial resistance and macroe-
conomic influences were not taken into consideration with
respect to vaccines [12]. Because vaccines have wide-
reaching societal and economic implications, many research-
ers argue that a broader perspective should be applied
when evaluating vaccines in order to capture the full range
of benefits [13].

To capture the broader range of cost off-sets and fiscal
gains associated with vaccination, we apply an accepted
public economic framework used by governments to the
PIP in Belgium. The framework is based on the generational
accounting methodology also used by the European
Commission and other governments for evaluating policy
changes and fiscal sustainability [14]. In the context of vac-
cines, we apply this framework to evaluate how changing
morbidity and mortality in the pediatric birth cohort asso-
ciated with the PIP influences future lifetime work-force
activity, which can be translated into tax revenue and social
welfare costs for the Belgian government. The analysis
described here can help to fulfill the aims of sustainable
vaccination policy by understanding how historical changes
to rates of infectious diseases in children have influenced
government public accounts. Furthermore, applying a fiscal
analysis which considers costs and benefits across a range of
government budgets can inform the access environment and
address sustainability issues. This is especially important in
light of the introduction of new vaccines in the future that
require funding commitments such as RSV, as well as helping
governments prioritize increasing vaccine coverage rates of
existing programs that have declined during and after the
COVID-19 pandemic [15].

2. Methods

The fiscal analysis described here applied a previously reported
decision analytic model developed to estimate the health eco-
nomic impact of routine childhood vaccination programs in
Belgium [16]. The study by Carrico et al. employed a decision-
analytic model to project infectious cases and deaths and related
health-care costs without immunization compared to imple-
menting the full PIP for Belgium to the 2018 birth cohort [16].
For comparison, the Carrico et al. study used historical incidence
data from published studies applied to the Belgian population
and compared with the current incidence data for each condi-
tion obtained from the European Centre for Disease Prevention
and Control. Interested readers are referred to the original model
for more information [16]. The present analysis focused on six
vaccines routinely administered from birth through age 10 years
in Belgium: hexavalent (DTaP-IPV-HepB-Hib), DTaP-IPV, MMR,
PCV, rotavirus, and meningococcal-type C vaccine [16]. Data on
the effect of hepatitis B (HepB) vaccine on the incidence of the
infection were excluded from the analysis due to surveillance
limitations. The fiscal analytic framework applied, converted the
public health benefit of immunization to fiscal gains following
the ISPOR Good Practices for Outcomes Research recommenda-
tions for Economic Analysis of Vaccination Programs [17].

A birth cohort’s lifetime (117,800 births in 2020) was simu-
lated to firstly estimate the public health impact of vaccine-
preventable conditions part of the PIP with and without vaccina-
tion. Subsequently, the benefits of vaccination, that is, reduced
short-term and long-term morbidity and mortality, were trans-
lated into fiscal consequences for the Belgian government.
Specifically, the fiscal consequences modeled were a) averted
loss of tax revenue resulting from preventing deaths. Preventing
deaths results in more productive life years from the birth cohort
and lifetime earnings, which in turn, generate tax revenues; b)
averted loss of tax revenue from preventing general and cogni-
tive disabilities. The latter are known to negatively affect an
individual’s ability to work and thus their ability to generate
earnings and pay taxes; c) averted transfer costs. Transfer costs
pertain to disability benefits and excess costs for special educa-
tion. These costs are incurred by individuals with long-term
disabilities and can be prevented with vaccination. The sum of
these fiscal consequences reflects the cross-sectorial impact of
the public healthcare investment expressed in terms of future
taxes and transfers [17]. The fiscal consequences of averted
morbidity and mortality from vaccinations were then compared
with the costs of public investments for implementing the PIP
schedule.

Capturing the long-term complications is critical for public
economic assessments of health as the fiscal consequences of
each disease depend on the incidence of long-term disability
in the birth cohort. The present analysis utilized the modeled
long-term complications/sequelae and the associated annual
direct costs, including the length of each long-term complica-
tion, and complication-related mortality rates produced by the
analysis of Carrico et al., (2023) [16]. The findings on long-term
sequelae from Carrico et al. have been summarized in the
Supplemental Material. To convert public health events to
fiscal consequences, evidence from the published literature
was employed. Based on findings from the published
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literature, the following long-term health outcomes are known
to result in fiscally relevant impacts: learning disabilities and
cognitive impairment; Long-term cognitive impairment and
learning disability resulting from encephalitis; hearing loss;
disability from epilepsy; Permanent paralysis; renal failure
and neurological defects; mortality from pediatric vaccine-
preventable infections.

To identify the fiscal consequences related to long-term
sequalae, a targeted literature review was conducted, in
April 2023, in PubMed and Google Scholar aiming to find
studies reporting the consequences of long-term sequalae on
employment, in people with disabilities associated with vac-
cine-preventable diseases in Belgium (see Supplementary
Material for summary of literature search and discussing the
impact on employment). We identified from the literature
search, the relative measures of impact for long-term out-
come included in the analysis (e.g. hearing loss, permanent
paralysis, cognitive impairment, epilepsy, and renal failure),
and thus, the likely impact on future employment-related
earnings losses in individuals with these conditions. In turn,
labor market transitions were translated from the govern-
ment perspective into lost fiscal revenue. Studies identified
that translated long-term sequelae to fiscal losses are sum-
marized in Table 1.

Additionally, for each vaccine-preventable condition and
long-term complication, the fiscal costs were estimated
based on transfer payments due to disability status. The
underlying assumption applied in the model was that children
with permanent disabilities attributed to infectious conditions
would have increased dependency on public benefits due to
reduced labor market activity. In adulthood, disability was
associated with higher lifetime transfer costs due to lower
levels of employment, and reduced lifetime earnings. Hence,
the longevity gains from vaccinations raise total expected
lifetime wages and lifetime tax revenues. Finally, our analysis
considers the fiscal costs of vaccine-induced longevity, i.e.
health-care costs and pension costs arising from increases in
life expectancy. Table 1 shows the data used to capture the

Table 1. Data inputs for the calculation of fiscal consequences.

fiscal consequences of vaccine-preventable disease and the
corresponding costs.

Official sources were used to obtain age-specific earnings
and labor force participation rates [20,33]. The tax revenue
consists of both direct and indirect tax levies on individuals.
Direct taxes were estimated based on the average national
tax burden on income [18,19]. Moreover, disability transfer
cost-savings and averted special education costs associated
with the number of prevented disability cases were esti-
mated. To account for future government obligations due
to vaccine-induced excess longevity, we estimate the fiscal
consequences of longevity by taking into consideration the
cost of pensions, for those 67 years of age and older [25] and
unrelated health-care costs [34]. Direct health-care costs and
published vaccinations costs were obtained from the analysis
of Carrico et al., (2023) where costs of vaccine acquisition,
administration, and treatment of adverse events were esti-
mated at €93 million, which is the cost of implementing the
PIP in Belgium [16].

The present analysis quantified the lifetime present value
of gross earnings gains and tax revenue gains (i.e. averted
gross earnings loss and averted tax revenue loss) attributed
to reductions in morbidity and mortality from the PIP. To
estimate the fiscal consequences from investments in the
implementation of PIP, we generated fiscal benefit-cost
ratios (fBCRs) based on the fiscal benefits arising from redu-
cing excess vaccine-preventable morbidity and mortality.
For the analysis, fiscal benefits include those from averted
tax losses, reduced disability costs, special education cost-
savings and vaccine-preventable disease-related health-care
cost-savings; excess longevity costs include future unrelated
health-care costs and pension costs associated with
increased life expectancy. Future costs and wages were
inflated at 0.7% and 1.1% annually, respectively, with cost
and wage inflation rates based on the geometric mean of
the last decade [35,36]. The present values of fiscal conse-
quences were calculated using a discounting rate of 3%
over the lifetime of the vaccinated and unvaccinated

Parameter Value Source
Indirect tax burden (taxes based on consumption e.g. sales tax, VAT) 21.0% [18]
Direct tax burden (captures taxation of wages and social insurances) 52.0% [19]
Disposable income as % of gross income (portion of income spent on consumable products and services that are subject 59.0% [20]
to indirect taxes i.e. VAT)
Annual disability cost (adults <65 years of age)Jr €15,250.89 [21]
Annual disability cost (<18 years of age, children/adolescents) €5,373.73 [22]
Duration of adolescent disability benefits payments (years receiving benefit) 19 w.a.
Excess annual educational costs per pupil with cognitive disability* €38,983 [23]
Starting age of special educational needs (years of age) 5 [24]
Duration of special education (number of years receiving special education) 18 [24]
Average annual old-age state pension (adults >67 years of age) €19,808.04 [25]
Reduction (loss) of economic activity for individuals with any disability (measles, polio, meningitis C) 33.79% [26]
Reduction (loss) of earnings for individuals with cognitive disability(applies to Hib, rubella) 33.79% [26]
Reduction (loss) of earnings for individuals with hearing loss (applies to Hib, pneumococcal, meningitis C) 25.6% [27]
Reduction of economic activity for individuals with hearing loss (Hib, pneumococcal, meningitis C) 29.2% [28]
Epilepsy-related loss of economic activity (applies to meningitis C) 12.7% [29]
Renal failure-related loss of activity (applies to meningitis C) 28.0% [30]
Major paralysis: Reduction (loss) of economic activity. (applies to polio) 100% wa
Neurological defect-related loss of economic activity (applies to meningitis C) 0.0% [31]
Amputation-related loss of economic activity (applies to meningitis C) 0.0% [32]

Note: wa: working assumption; "This represents the amount of income support paid by government annually to support a disabled person. *applied to every year of
schooling for the proportion of children that became cognitively impaired due to infectious conditions.
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cohorts. The ratios for estimating fiscal benefit cost ratios
are described below. fBCR excluding longevity: [tax rev-
enue tax gain + disability costs-savings + health-care costs-
savings]: [PIP costs]

t=101

BCRexctiongenty = _ Blt); x (¥(0); + 8(0), + (1))

t=0

—13
x (141" =N XJZ Ve(t), x (1 +r)7
=1

fBCR including longevity: [tax revenue gain + disability costs-
savings + health-care costs-savings]: [PIP costs + excess old age
pension costs + excess unrelated health-care costs]

t=101

fBCRinc/.longevity = Z Bj(t) X (Yj(t) + 6j(t) +E(t)j) X (1 + r)_t
t=0

j=n
SN XD VG x (141 + S
j=1

Where,
t: Time from vaccination (year of age)
B: prevented cases
y: tax revenue gain
&: disability cost-savings
€: healthcare cost savings
r: discounting rate
j: type of vaccine j=1-11
N: vaccinated population
VC: total cost per vaccination
P: old age pension costs
S: excess survival
E: unrelated health-care costs

2.1. Sensitivity analysis

To test the model’s sensitivity, we applied plausible ranges
for the model's parameters including discount rate,

inflationary measures i.e. CPl, wage growth rates, and vac-
cine acquisition costs. This deterministic one-way sensitivity
analysis aims to evaluate the sensitivity of the base case
results on the fBCR with and without the effect of longevity.
The variation applied in the sensitivity analysis is reported in
the Supplement.

3. Results
3.1. Base case

Fiscal projections were based on the number of vaccine-
preventable infections experienced by the cohort, as pre-
viously reported [16]. This entailed capturing earnings losses
from 248,765 infectious cases averted, 383 deaths pre-
vented, and 34 disability cases avoided over the lifetime of
the cohort.

The projected earnings loss (societal perspective) averted
from immunizing the 2020 birth cohort (N=117,800) was
€87 million over the projected lifetime. Moreover, vaccinat-
ing a single birth cohort gives rise to benefits of €56 million
in tax revenue gains, €126 million incremental health cost-
savings, €8 million disability savings, and €6 million special
education savings over the lifetime of the cohort. The net
fiscal gain, for the lifetime of the cohort, is estimated at
€105.4 million in the present value when the cost of vacci-
nation (€91 million) is deducted from the fiscal gains. When
longevity is factored into the analysis, government costs
increase by €10 million in unrelated health-care costs and
€14 million due to old-age pension costs. Tax revenue gains
were highest for measles, diphtheria, and pneumococcal
(Table 2).

The findings reported here can be further described as per
person based on the number of children in the vaccinated
birth cohort. From this perspective, the averted discounted tax
revenue over the lifetime of each child vaccinated is €471. The
per-person averted disability transfers and special education
costs over the lifetime of the birth cohort is estimated to be
€68 and €44, respectively.

Based on the costs for delivering the PIP, we estimate
a fiscal benefit cost ratio (fBCR) of €2.2 return for government

Table 2. Lifetime fiscal impact of pediatric immunization in Belgium from single birth cohort societal and fiscal perspectives base year 2020 (€ discounted in

2020 million (M)).

Fiscal perspective

Societal perspective

Averted tax revenue loss and public costs

Longevity costs

Retirement
Gross earnings gain  Averted tax  Averted disability  Averted special Disease-related Unrelated healthcare costs, pensions’

Vaccination® (averted losses) revenues loss transfers cost education costs  healthcare savings i.e. Medicare age > 64 costs
Diphtheria 20.55 M 13.27M - - 0.89M 2.28M 3.65M
Tetanus 327M 211M - - 273 M 040M 0.68 M
Pertussis 1.53M 0.99M - - 0.80M 0.15M 0.16 M
Hib 474 M 275M 200M 3.28M 9.98 M 0.24M 023 M
Measles 36.95M 2375M 201TM - 19.18M 357M 3.74M
Mumps - - - - 36.96 M - -
Rubella 0.07 M 0.04M - - 4.62M - -
Pneumococcal 11.21M 759 M 2.14M 269M 2432 M 221TM 483M
Polio 3.24M 2.02M 034 M - 17.53M 0.29M 047 M
Rotavirus 049M 032M - - 723 M 0.05M 0.05M
Meningitis C 5.05M 3.22M 1.52M 027 M 1.48M 049 M 0.60 M
Total 88 M 56 M 8M 6M 126 M 10M 14M

fChanges in HepB cases excluded.
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Wage growth (0%-5%)

BCR without longevity

Discount rate for fiscal results (0%-5%) 1.75 . 4.19
CPI (Cost) inflation (0%-3%) 2.13 I 2.30

Reduction (loss) of earnings for individuals with hearing 216 | 2.17
loss (0%-40%) ’ '

Reduction (loss) of econ. actvity for individuals with any 215 | 2.16
disability (0%-40%) ’ :

0.00 1.00 2.00 3.00 4.00 5.00 6.00
Low M High

Figure 1. Sensitivity analysis exploring impact of changes on the fiscal benefit-cost ratios (fBCR) excluding costs of longevity.

from every €1 invested when longevity costs (pensions and
future unrelated health-care costs) are excluded and a fBCR of
€1.7 when longevity costs are included.

3.2. Sensitivity analysis

The sensitivity analysis illustrates that the fBCR ratios are most
sensitive to future wage growth rates and discount rates
applied. Increased inflation had a small but positive impact
on the fBCR. The known comorbidities associated with the
pediatric infectious conditions, e.g. hearing loss, epilepsy,
and renal failure did not have a meaningful impact on the

Wage growth (0%-5%)

CPI (Cost) inflation (0%-3%)

fBCRs shown in Figures 1 and 2. The lack of movement around
the BCR mid-point highlights that these parameters are not
likely to influence overall BCRs.

4. Discussion

The introduction of routine national immunization programs
for children has given rise to a range of benefits for society
from reduced morbidity and mortality that enable people to
invest in human capital and engage in a range of economic
activities that fuels economic growth [16]. To the list of ben-
efits attributed to childhood immunization, we can now

BCR with longevity

Discount rate for fiscal results (0%-5%) 1.22 E— 1.63
Reduction (loss) of earnings for individuals with hearing 157
loss (0%-40%) )
Reduction (loss) of econ. actvity for individuals with any 170
disability (0%-40%) ’
0.00 1.00 2.00 3.00 4.00 5.00
Low MmHigh

Figure 2. Sensitivity analysis exploring impact of changes on the fiscal benefit-cost ratios (fBCR) including longevity.
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include tax revenue for the government, which totals
€55 million in Belgium over the lifetime of a single birth
cohort. This reflects the current state of PIP, but as newer
vaccines are developed for emerging pathogens and become
publicly available, additional societal and fiscal gains are likely
to be achieved. In our analysis, we demonstrate an aggregate
BCR to reflect the entire portfolio of gains and losses. While
not all future vaccines may have fiscally positive returns, i.e.
a fiscal BCR greater than 1.0, the fact that surplus net taxes are
generated from existing vaccines in PIP for Belgium suggests
that these gains from existing vaccines can help fund vaccines
with lower BCRs.

The greatest economic effects are attributed to averted
deaths in childhood that enable more children to survive
and thus enter the workforce in the future. As reported by
Carrico et al., the conditions accountable for the highest mor-
tality, e.g. measles, diphtheria, and invasive pneumococcal,
generated the highest tax revenue gains reported in our
analysis since the introduction of vaccines (Table 2). Within
the fiscal analysis described here, the increased number of
workers in the future has been translated into increased tax
revenue for governments. These numbers can be considered
an underestimate as they do not include the lost productivity
of parents during periods of childhood iliness. While these
mostly reflect short periods of absenteeism for parents while
caring for their children, these costs amplified across eco-
nomic domains can represent important tax losses [37].
While we do not expect this approach to replace the conven-
tional cost-effectiveness approach considering the health ser-
vice, perspective, as most vaccines are tax financed in Europe,
we believe this approach can complement current approaches
used to evaluate vaccines performed by national bodies.

To reflect the monetary gain for the government for invest-
ing in PIP in Belgium, we present fiscal benefit-cost ratios
which reflect changes in fiscal outcomes in relation to the
cost of implementing the program. The fBCR can be described
from a range of perspectives to reflect how gains can vary
across different economic domains. From the results of the
previous health economic analysis we can estimate that from
the health service perspective the ratio of benefits to costs is
1.4 for the Belgium PIP [16]. When a broader government
perspective is applied, we estimate the fBCR to be €2.1 from
every €1 invested excluding pension costs and health-care
costs that occur in the future as these children will live longer.
When longevity costs were considered for the birth cohort
under-study, PIP investment costs yielded €1.7 for every €1
invested. In contrast, by applying an even broader perspective
that considers the societal losses of the pediatric cohort, the
ratio of benefits to costs reaches €2.4. As previously reported,
including the productivity losses of parents or caregivers in
BCRs yields €3.2 for every €1 invested in PIP [16]. This reflects
the difference in the proportion of a workers earnings trans-
ferred to government, i.e. fiscal perspective, compared to the
societal perspective in which all future earnings are accounted
for in the BCR. Additionally, the results shown here are for the
aggregate of all vaccines included in the current PIP for
Belgium. While it is tempting to speculate about the relative
value for individual vaccines, this type of analysis is not

feasible as many of the vaccines are administered as
a bundle with a single price. Furthermore, it is true that
some vaccines may offer better relative fiscal value, the mod-
eling approach described here is limited and does not con-
sider the full range of benefits available and could lead to
misinterpretation of the findings.

Vaccine-preventable conditions to which children are
most vulnerable have varying public health burden [16].
These differences are reflected in the overall societal and
fiscal impacts reported here and projected gains achieved
from introducing the PIP in Belgium. Infectious conditions
giving rise to the biggest societal and fiscal gains for society
and government, respectively, were measles, diphtheria, and
pneumococcal infections. The tax revenue gains from pre-
venting measles, diphtheria, and pneumococcal were
€23.7 million, €13.3 million, and €7.0 million, respectively.
In total, we observe €55 million in lifetime tax revenue gain
for the Belgian government from a single birth cohort. In
practice, these fiscal gains from past immunization programs
are invisible to governments or perhaps taken for granted, as
they are reaping the rewards of past investments that have
mostly eliminated pediatric infections. The ongoing invest-
ment in PIPs helps to sustain public health and contributes
to fiscal sustainability that enables people to fulfill a normal
healthy life trajectory. The fiscal consequences reported here
would only be felt in the absence of available vaccines.

The merits of conducting this analysis in Belgium with
a functional public health system and good vaccine coverage
rates could be questioned. Nevertheless, in Belgium, not all
vaccines are included in the PIP including varicella and MenB,
and there have been calls by the Superior Health Council in
Belgium to expand the age limits on HPV vaccination that
have not been recognized [7,38]. Affordability is an important
factor for sustaining health systems and decisions must be
made to allocate resources, consequently some technologies
are limited or not funded at all. However, it is our belief that
resources can be better allocated when taking into considera-
tion a broader range of costs and benefits that impact govern-
ment public accounts. This is particularly important as new
vaccines are being introduced and considered for inclusion in
immunization schedules such as Respiratory Syncytial Virus
(RSV). In addition, tax gains from a PIP could help to fund
programs addressing the inequalities in vaccine access, such
as improving the low vaccination coverage rates among vul-
nerable populations. Furthermore, the framework described
here highlights what is a stake for government when coverage
rates are low. This is particularly pertinent in the post-
pandemic period, where issues of vaccine confidence and
hesitancy have increased since the post-pandemic period
leading to reduced coverage [15,39].

Economic gains are also achieved from reduced long-term
morbidity. While most children do not experience lifelong
disabilities associated with vaccine-preventable conditions,
a small proportion will experience debilitating conditions
such as cognitive or physical limitations that prevent them
from fully engaging in the workforce in the future [16]. This
will result in increased spending on special needs programs
for these children into adulthood and will reduce the expected
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tax revenues due to reduced work activity in these individuals.
The present analysis reflects the possibility for a small propor-
tion of those infected with HiB, measles, meningitis C, polio,
and pneumococcal will result in permanent disability. In these
special cases, children may have special educational needs
and, in some cases, receive permanent disability payments.

Deterministic sensitivity analysis was performed to identify
those parameters that are likely to influence the investment
returns for government reflected using the fBCR. The most
influential variables were wage growth, which determines the
amount of taxes people pay and the discount rate, which is
a function of the perceived future value of money. As shown
in the sensitivity analysis, increases in wage growth increase
the fBCR to 5.0 as more income tax is collected by the govern-
ment as wages grow, and consumption increases, thereby
higher indirect taxes are paid. A reduction in wage growth
decreased the fBCR, however the fBCR was still >1.0 indicating
a positive fiscal return for the government. The discount rate
was the second most sensitive variable in which an increased
discount rate decreased the fBCR to 1.7. Additionally, the fBCR
ratios reported here are likely conservative as they are based
on the published prices for vaccines in Belgium and not the
actual net prices paid by the government. As is common
practice in pharmaceutical vaccine procurement, purchasers
often negotiate prices downward; therefore, the price origin-
ally agreed is seldom the price that is paid by a national
insurer or regional procurement agency; hence why our fiscal
BCRs are conservative.

The findings reported here are likely to underestimate
some of the fiscal gains attributed to vaccination. One of the
positive externalities associated with vaccinations is a reduced
need for antibiotic prescribing, which would result in lower
rates of antimicrobial resistance (AMR). Because AMR is asso-
ciated with increased rates of morbidity and mortality, which
may increase in the coming years, this suggests that use of
vaccines will have additional societal outcome gains that are
not accounted for in our analysis [40,41]. Additional outcome
gains can be achieved by reducing demand on hospital bed-
days and improving working conditions for medical staff. For
example, a study in Belgium has previously reported that
following the introduction of rotavirus vaccination, bed-day
occupancy, and turnover of hospital beds decreased during
the peak winter months for rotavirus-attributable hospitaliza-
tions compared with the pre-vaccination period. The investi-
gators also reported that reduced stress among hospital staff
on wards for treating gastroenteritis-related symptoms, during
a seasonal outbreak, would improve the quality of care pro-
vided which would likely improve outcomes [42]. A further
limitation is the lack of data on hepatitis B cases included in
our analysis, which would likely have some positive fiscal gains
that are not shown here. For example, were hepatitis
B included this could prevent some additional deaths and
hepatitis comorbidities. Furthermore, the economic gains
from microeconomic assessments of vaccination, that capture
individual financial transactions between cohorts similar to the
study reported here, do not capture the interactions between
economic domains and the multipliers that can give rise to
additional macroeconomic gains. For example, more children

that survive childhood will demand more goods in the future
creating demand for goods in the future. Between the micro-
economic and macroeconomic domains there are many inter-
mediate factors that are influenced by the presence of
infectious diseases. People free from communicable disease
will change behavior and make human capital investments,
which will give rise to additional economic gains not
accounted for in microeconomic assessments, suggesting
that these results are underestimates of the likely fiscal gains
governments can achieve through pediatric vaccinations.
Vaccination of children may also influence educational attain-
ment and cognition as previous reported in developing coun-
tries [43,44]. Although this is mostly relevant in developing
countries today, since in advanced economies many of these
human capital gains have been achieved from past invest-
ments in vaccination programs and reflected in economic
growth and living standards, there is still the possibility that
education benefits could be achieved in an advanced econ-
omy like Belgium, which would not be reflected in our
findings.

Several limitations are worth highlighting as they could
have a marginal impact on the base case results. Firstly, vac-
cine-preventable conditions can give rise to additional costs
for government due to survival. In our analysis, we have
included future health and pension costs which creates
a tariff for survival, however we have not included future
costs attributed to education as more children would survive
and require schooling. This would impact government costs
for in-kind benefits to these children that would appear during
schooling years only, which we believe would only minimally
influence our findings. Additionally, our analysis focuses on
direct transactions linked to individuals, for example, taxes
paid to the government or direct benefits received or in-kind
benefits, i.e. healthcare. The analysis described here does not
include congestible goods such as marginal costs for roads,
policing, or other government infrastructure with nonzero
costs. The costs of these goods at the individual level would
be limited and not likely influence the results reported here.

The analysis described here illustrates the cross-sectorial
impact of national immunization across a range of govern-
ment budgets. It is important to recognize that government is
not a single entity and there can be different departments
responsible for funding specific programs. Consequently,
some government entities are responsible for funding, but
may not realize the fiscal gains on their budgets. For example,
in Belgium, the regional authorities are responsible for making
vaccine purchasing decisions. However, the fiscal gains, mainly
through tax revenue, will be collected through central govern-
ment, i.e. Treasury. This suggests the need to apply a broader
range of thinking in relation to budget decisions that take into
consideration the broader impact across a range of govern-
ment budgets.

A wide range of factors are important for ensuring
a vaccine is available within the country as part of
a national immunization program. In addition to research
and development, there are regulatory challenges, manu-
facturing capacity, distribution — often transported through
cold chain, and administration [45]. Whilst pricing might be
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perceived as one of the key challenges, international stu-
dies indicate that vaccine acquisition often represents
a small amount of the overall health budget [5]. In
Belgium, a study has reported that the per capita costs
per year for vaccine are estimated to be €8.50, a cost
much lower than most medical interventions [10]. As
shown here, vaccine investments are recouped fiscally for
the government over the lifetime of the cohort. Previous
fiscal analyses of vaccination programs have shown that
variations in vaccine prices have a limited impact on life-
time net tax revenues [46]. This can be reconciled by the
knowledge that budgets, especially health-care budgets, are
a matter of today and often finite, whereas the fiscal
rewards from improving outcomes occur in the future
over many generations and are considerably greater than
the initial vaccine acquisition costs.

5. Conclusions

Vaccine programs offer a wide range of population-wide
benefits in terms of reducing morbidity and mortality.
These improvements in outcomes can translate into many
economic gains for society, which in turn will generate
downstream benefits for governments from improved tax
revenue and reduced spending on public benefits pro-
grams. The recent COVID-19 pandemic represents an
extreme example of this where people were out of work
for health or lockdown reasons or died prematurely. This
negatively influenced government tax revenue due to
reduced labor activity and consumption at a time when
governments were spending money on a wide range of
public benefits programs [47]. We believe the findings
here can be used to inform continued investment in vac-
cine development and prioritization of vaccine programs to
support economic growth.
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