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Abstract
Despite the health, societal, and economic benefits of immunization, many countries focus primarily on childhood immunizations and lack robust 
policies and sufficient resources for immunizations that can benefit populations across the life course. While the benefits of childhood vaccination 
are well documented, there is limited evidence on the financial and social return on investment that policymakers can use to inform decisions 
around administering a life-course immunization program. We developed a cost-benefit model from a societal perspective to evaluate the 
inclusion of 5 vaccines across the life course in Colombia’s national immunization program. This model estimated a return of US$1.3 per US 
$1.0 invested in the first 2 decades, increasing to US$3.9 after 60 years. Primary benefits were productivity gains, followed by fiscal savings 
and household averted expenditure on health care. Furthermore, vulnerable households are predicted to receive 3.2 times greater income 
protection than formally employed households under a life-course immunization program. Consequently, there is a potential to reduce 
Colombia’s income inequality and poverty rate by increasing access to immunization for all ages.
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Introduction
Immunization benefits individuals, communities, and society 
at large through direct reduction in disease risk, the protective 
effects of herd immunity, and reduced health care utilization 
and associated costs.1 In a 2020 report, Remes et al2 found 
that, across 200 countries, immunization had the highest po-
tential among all proven health interventions to add healthy 
life years and, consequently, to increase gross domestic prod-
uct (GDP). Likewise, an econometric modeling study sug-
gested that a significant and sustained increase in the GDP 
growth rate was associated with a lagged increase in vaccin-
ation rates; this elasticity increased over time.3

Despite these findings, there are limited cost-benefit eco-
nomic evaluations, and immunization-related evidence on 
cost-effectiveness typically assesses individual vaccines.4

Moreover, current cost-effectiveness models use measures 
such as cost per quality-adjusted life-year gained or cost per 
disability-adjusted life-year averted, failing to characterize 
socioeconomic impacts in monetary metrics. Assessments 
that only examine the impact of vaccination on direct and in-
direct health outcomes ultimately undervalue immunizations 
across the life course and can overlook the introduction of 
new and underutilized vaccines, potentially limiting invest-
ment in immunization programs and preventing populations 
from receiving the full benefits of vaccination.5 Because of these 

modeling limitations, decision makers within ministries of 
health and finance—especially those responsible for budgeting, 
allocating, and releasing public funds—cannot evaluate the 
full range of economic and fiscal benefits from improved 
budget allocation and increased public investment in immun-
ization.6 Cost-benefit analysis offers an approach for examining 
health and economic benefits from immunization and can guide 
policy and programmatic decisions by expressing costs and 
benefits using summary metrics, which include either return 
on investment or net monetary benefit.7-10

However, there is a dearth of data on cost-benefit analysis 
and program or policy analysis on life-course immunization. 
As countries face demographic transitions and an aging popu-
lation, it will be central to ensuring the health and well-being 
of individuals across their lifespans.11,12 However, almost 
40% of countries do not have national routine adult immun-
ization programs,13 and immunization-related cost-benefit 
analysis focuses almost exclusively on pediatric vaccina-
tions,14,15 outside of a few studies conducted in high-income 
countries.9,16,17 This gap in assessment data suggests a lack 
of comprehensive understanding about the cost savings that 
routine vaccination for adolescents and adults could generate 
through health, economic, and social gains in the short and 
long term.18 Developing this evidence has the potential to sup-
port advocacy for increasing investment in national immun-
ization programs that offer a full range of vaccines across 
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the life course. To address this gap in evidence, we developed 
and implemented a model to analyze cost-benefit analysis and 
return on investment from a societal perspective, and we used 
Colombia as a case study.

The case of Colombia
Colombia is an upper-middle-income country whose adoles-
cent and adult immunization schedules trail behind most 
Latin American countries.19 Although Colombia has a rela-
tively strong health care system and a robust childhood im-
munization program,20 several factors make it an important 
case study for life-course immunization investment, including 
changing population demographics,21 lack of recent vaccine 
introduction for adults, and low national spending on immun-
ization programming.22,23

As of May 2023, the Colombian immunization schedule for 
children was comprehensive and included 9 vaccines: bacille 
Calmette-Guerin; hepatitis B; influenza; rotavirus; pneumococ-
cal; measles, mumps, and rubella; oral poliovirus; pentavalent 
(diphtheria, pertussis, tetanus, Haemophilus influenzae type b, 
and hepatitis B); hepatitis A; and varicella.20 On the other 
hand, the nonpediatric immunization program offers a more lim-
ited range of vaccines, focusing on vaccination against the hu-
man papillomavirus (HPV) for adolescent females, seasonal 
influenza to pregnant women and adults aged 60 years and older, 
and tetanus and diphtheria (Td) for women of reproductive 
age.24 Colombia is also experiencing a rapid demographic tran-
sition, with projections estimating that the proportion of people 
over 60 years old will double by 2040 despite a total population 
increase of only 18%.25 Therefore, the current national immun-
ization program does not meet the needs of the present and fu-
ture generations of adults.26

The Colombian immunization program is a public sector 
program that is predominantly centrally funded and provides 
vaccines free of charge for target cohorts according to 
its schedule.27 The Ministry of Finance and Public Credit allo-
cates funding to the Ministry of Health and Social Protection 
to procure vaccines, primarily through the Pan American 
Health Organization (PAHO) Revolving Fund.20 Based on 
budget data provided by the National Planning Department 
and the Ministry of Finance, the immunization budget in 
Colombia represented a small proportion of the overall annual 
health sector budget between 2010 and 2019, ranging from 
1.1% to 1.9%.22,23

We assessed the potential expansion of the Colombian 
immunization program across the life course, evaluating eco-
nomic impacts beyond just the health care sector.28 We in-
cluded productivity impacts from improved health outcomes 
by considering indirect effects of life-course immunization 
on other domains—eg, GDP, household income, and broader 
public finances. This novel comprehensive perspective has the 
potential to drive policy action.

In Colombia, the informal employment rate is higher than 
60%,29 73% of households whose income is below the pov-
erty line belong to the informal sector,30 and the average sal-
ary for informal (i.e., employment that is not registered, 
regulated or protected by existing legal or regulatory frame-
works) workers amounts to 38% of the average salary for for-
mal workers.31 In Colombia, social protection mechanisms, 
such as social security salary income protection (sick-day pay-
ments), do not apply to this workforce. To address the antici-
pated benefit of expanded immunization for vulnerable 

populations, we included analysis on households’ income pro-
tection from the estimated productivity gains. This allowed us 
to assess potential positive impacts across the 2030 
Sustainable Development Goals (SDGs), such as reduced in-
come inequality.32 To our knowledge, assessing income pro-
tection implications from expanding immunization services 
is novel.

Data and methods
Cost-benefit model structuring
We structured a Markov model to assess the impact of 5 vac-
cines that are not recommended for adolescents and adults 
across the life course in Colombia. These vaccines include den-
gue and meningococcal conjugate (men-ACWY) for adoles-
cents, 23-valent pneumococcal polysaccharide vaccine 
(PPSV23) for the population aged 60 years or older, and the 
extension of Td and HPV vaccine for male cohorts. As of 
May 2023, the selected vaccines are not included in the 
Colombian national immunization program and HPV vaccin-
ation is limited to female indication. The selected vaccines 
were based on the burden of disease and existing immuniza-
tion schedules in reference countries in Latin America, such 
as Argentina, Brazil, and Panama and recommendations 
from the World Health Organization.19 Figure 1 presents a 
summary of the cost and benefit components that were in-
cluded in the cost-benefit analysis. The model tracked costs 
and effects over a 60-year time frame based on life expectancy 
in Colombia, utilizing constant (2021) prices without apply-
ing discounting rates.33 Additional details on the proposed ex-
pansion package and the identified vaccine-preventable 
diseases are available in Appendix S1. A deterministic 1-way 
sensitivity analysis was conducted to assess the impact on 
the return on investment by varying all vaccine efficacy param-
eters by ±20%.25 To ensure accuracy, when the vaccine effi-
cacy parameters exceeded 100%, a truncation technique was 
applied to limit the efficacy to 100%.

Cost estimation
Cost estimates were based on official age-group population 
projections,25 vaccination coverage trend assumptions 
(Appendix S2), 2021 PAHO Revolving Fund vaccine pricing34

where available, and local cost structures for vaccine delivery. 
This includes health maintenance organizations (HMOs)35

and subnational governments.36 Since the dengue vaccine is 
not yet available through the PAHO Revolving Fund as of 
May 2023, the vaccine price was estimated using a proxy of 
a referential willingness-to-pay study.37 In 2023, a dengue 
vaccine was introduced in the Brazilian national immuniza-
tion program and the price submitted for the Brazilian health 
technology agency was used in the 1-way sensitivity ana-
lysis.38 Using these inputs, we were able to account for funds 
needed to (1) procure necessary vaccines for the targeted co-
horts at assumed coverage rates, (2) pay providers to deliver 
vaccinations through Colombia’s National Health Insurance 
System, and (3) account for other program costs for subna-
tional governments, such as cold storage needs and education-
al and school-based programming campaigns at the local level. 
Costs (and benefits) were estimated in 2021 local prices, con-
verted from Colombian pesos (COP) into US$ using the 2021 
average exchange rate from the official macroeconomic as-
sumptions included in the medium-term fiscal framework 
(May 2021 version; COP 3667 per US$).39 A detailed 
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description of costs, data sources, and calculation method-
ology is included in Appendixes S3 and S5.

Benefits estimation—improved health outcomes
Economic benefits were estimated from improved health out-
comes modeled for the 12 associated vaccine-preventable dis-
eases according to vaccination coverage trend assumptions 
(Appendix S2), vaccine efficacy, attributable fractions, and re-
sulting preventable burden by vaccine according to the litera-
ture (Appendix S6). For each vaccine-preventable disease, a 
baseline scenario of incidence and case-fatality rate by relevant 
age and gender group was developed from Colombia’s disease 
burden data.39 Prevented cases over the assessed period were 
estimated by first generating the status-quo policy scenario 
without national immunization program expansion, which 
was calculated as the number of annual expected cases of 
the 12 vaccine-preventable diseases by applying baseline inci-
dence rates to population projections over time (Appendix S4.1). 
We then calculated the potential to avert cases of preventable 
diseases by applying assumed vaccination coverage trends and 
preventable burden. For each vaccine-preventable disease, the 
averted number of deaths and the prevented disability burden 
over the assessed period were estimated by applying the case- 
fatality rates and the disability weights, respectively, to the 
prevented cases.

Benefits modeling—the societal perspective
We modeled the societal perspective by assessing 3 types of 
economic benefits: (1) fiscal savings, (2) productivity gains, 
and (3) averted out-of-pocket health care expenditures. To 
calculate benefits, Colombia-specific data were gathered 
from local and global databases on disease burden (cases, 
deaths, disability weight) and health care expenditure.35,40,41

Economic inputs (GDP per capita, formal and informal 

employment, and salaries) were aligned to the official macro-
economic assumptions included in the national medium-term 
fiscal framework.39 Because of the pandemic’s influence on na-
tional macroeconomic figures in 2021 (our baseline year), of-
ficial predictions through 2023 were used to account for both 
pandemic impact and recovery in the cost-benefit analysis.39

Detailed descriptions of benefits, data sources, and calculation 
methodology are included in Appendixes S4 and S5.

Fiscal savings
Lower health system expenditure was calculated by applying 
the average treatment cost by disease case (direct medical 
cost per case) according to baseline calculations from official 
health system expenditure databases to prevented cases.35

Averted sick-day payments under the social security system 
were estimated by applying the share of formal employment 
in the labor force to the prevented cases in the working-age 
population (15–64 years), and then calculating the associated 
prevented disability burden according to the disability weights 
for this age group. The resulting prevented-disability metric is 
a proxy variable for the potential equivalent loss of annual for-
mal workers, which was then valued at the average formal sal-
ary that is protected according to sick-day payments data.41

Higher tax collection estimation draws on the prevented em-
ployer (firm) revenue loss, averted formal worker income 
loss, and local parameters of both effective corporate income 
tax rate and average tax rate to the formal workforce.

Productivity gains
Productivity gains (averted GDP losses) were estimated by 
valuing the total prevented disability and early mortality using 
per capita GDP. Following a human capital approach, we built 
in an assumption of a requisite family caregiver and their 
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Figure 1. Cost-benefit analysis model for proposed national immunization program expansion. Source: Authors’ original model. Abbreviations: GDP, 
gross domestic product; HMO, health maintenance organizations; MoH, Ministry of Health; NIP, national immunization program.
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productivity loss for preventable disability in populations 
younger than 15 years old or older than 64 years old.42

Household income protection from averted 
out-of-pocket expenditure on health care
This metric was calculated by applying the proportional 
out-of-pocket health expenditure according to Ministry of 
Health estimations to the health-system prevented expend-
iture (see fiscal savings).43

Return on investment
The return on investment from the societal perspective was es-
timated as the ratio of aggregate benefits and aggregate costs 
of the proposed national immunization program expansion 
over time. A return on investment greater than 1.0 means 
that expanding the national immunization program is a cost- 
effective public investment.

Additional socioeconomic impacts beyond the 
economic return on investment
The cost-benefit analysis outcomes were leveraged to com-
plement the economic approach and provide a more compre-
hensive view of the value of immunization by capturing 
potential positive impacts on critical goals that are part of 
the 2030 SDGs.32 We independently estimate income pro-
tection in vulnerable (informal economy) households and 
formal households. Income protection in vulnerable house-
holds was calculated by first applying the share of informal 
employment to prevented disability and early mortality, 
which allowed for informal households’ productivity gain 
to be expressed in additional workforce; then, the additional 
workforce was valued at informal salary. Income protection 
in formal households was estimated following the same pro-
cedure by using the parameters specific to the formal econ-
omy (share of formal employment, formal salary, and 
percentage of formal salary that is not covered by sick-day 
payments).

Model limitations
This study has several limitations because of the novelty of a 
model that is sensitive to policy scenarios and straightforward 
to explain, transfer, and adapt to different contexts.

With regard to the model design, we would like to highlight 
several points. While dynamic models are generally preferred 
for infectious diseases to estimate benefits in unvaccinated co-
horts, we opted for a static model. This choice was made to 
provide a straightforward and easily adaptable approach 
that can be applied to different contexts and various infectious 
diseases. By using a static model, we aimed to strike a balance 
between clarity in assessing the fiscal impact and avoiding un-
necessary analytical complexity. This conservative approach 
served as a means of providing a reliable estimate, ensuring 
that we presented a realistic depiction of the financial implica-
tions associated with life-course immunization. In assessing 
benefits, our model did not consider incomplete vaccination 
schedules, nor did it take into account indirect effects (commu-
nity immunity).

In Latin America, impact studies have not demonstrated evi-
dence of indirect effects from childhood pneumococcal vaccin-
ation to older adults in reducing hospitalizations or mortality 
rates due to pneumococcal disease.44-46 On the other hand, 

studies have demonstrated the benefits of HPV vaccination 
in unvaccinated cohorts.47 It is important to note that this 
model had specifically measured only direct benefits from 
HPV vaccination in males without considering community im-
munity in females. However, in a country like Colombia, 
where approximately 4700 women are diagnosed with cer-
vical cancer each year and around 2490 die from the disease, 
the impact of community immunity will play a substantial ef-
fect as demonstrated in a previous dynamic model.48-50

Accounting for such benefits would result in increased overall 
health outcomes and economic return. Furthermore, wastage 
rates were not included in the assessment of procurement 
costs.

In our HPV model, we account for a period of at least 9 
years between vaccination and disease prevention by consider-
ing prevented cancer cases from the age of 18, when cohorts of 
vaccinated boys reach adulthood. However, for other dis-
eases, the model assumes that disease prevention occurs imme-
diately after vaccination. The primary objective of our work 
was not to refine the cost-benefit analysis for all possible im-
munization scenarios but to advocate for the value of an ex-
panded national life-course immunization program to 
decision makers at the national level.

Results
Health impact
This model estimates a substantial health impact in terms 
of prevented disease cases and deaths over a span of 6 dec-
ades. The number of prevented disease cases increased rap-
idly over time, with the number of cases prevented by 
decade rising from 377 810 in the first decade to over 
12 million cases by the end of the sixth decade. In terms 
of cumulative prevented deaths, the model projected a 
progressive increase from 10 006 in the first decade to 
155 011 by the end of the sixth decade (Table 1). These 
findings highlighted the importance of the intervention in 
reducing disease burden and preventing illness and death 
over an extended period.

Return on investment results
The expansion package, which included 5 vaccines (dengue 
and men-ACWY for adolescents, PPSV23 for populations 
aged ≥60 years, and the extension of Td and HPV vaccine 
for male-gender cohorts), showed a positive return on invest-
ment in life-course immunization, starting in year 14. The re-
turn on investment progressively increased from US$0.7 per 
US$1.0 invested in the first decade, to US$1.3 after 20 years, 
reaching US$3.9 after 60 years (Table 2). In our 1-way sensi-
tivity analysis, where vaccine efficacy parameters were varied 
by ±20% over a period of 60 years, the return on investment 
ranged from US$3.1 to US$4.6 per US$1.0 invested. 
Furthermore, when a higher price dose for dengue vaccine 
was taken into consideration, the return on investment ranged 
from US$2.2 to US$3.3 per US$1.0 invested. This positive 
trend in return on investment of expanded immunization 
was driven by a combination of factors. These factors included 
decreasing funding needs over the assessed period (primarily 
due to shifting demographics) and the increasing potential of 
life-course immunization to reduce disease burden previously 
described, which resulted in increased fiscal savings and prod-
uctivity gains.
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Costing results
In constant 2021 prices and under model assumptions, the na-
tional immunization program expansion would cost US$3.86 
billion over the assessed 60-year period. Financial needs 
would decrease from US$688 million in decade 2 to US$589 
million in decade 6. Procurement of vaccines would consist-
ently account for a high proportion (79%–84% by decade) 
of total expected cost, which mirrors the current Colombian 
national immunization program funding and expenditure 
structure. The decreasing trend is mostly explained by the ex-
pected demographic change by age group, resulting in a de-
creasing target population for vaccination.

Benefits breakdown
According to the model, productivity gains would be the pri-
mary contributor to overall benefits of immunization program 
expansion, ranging from 63% to 65% of total benefits by dec-
ade (Table 2). Following productivity gains, fiscal savings ac-
counted for 31% to 34% of total benefits and reduced 
out-of-pocket health care expenses for households represented 
2% to 4% of total benefits. Fiscal savings were primarily driv-
en by avoiding health system costs associated with disease 
treatment in the initial 3 decades (Appendix S7). However, 
starting from the fourth decade, the most significant source 
of fiscal benefits would become savings in sick-day payments 
for the social security system. This component experienced 
the most substantial growth in its contribution to fiscal sav-
ings, from 9% in the first decade to 36% in the third decade 
and 42% in the sixth decade. This trend reflects the time re-
quired for immunized cohorts to reach working age and the 
age groups with the highest incidence rates of vaccine- 
preventable diseases. Additionally, increased tax collections 
represented 22% to 27% of the fiscal returns on investment 
over each decade. When analyzing the return on investment 
broken down by vaccine, we observed that the results were 
driven by dengue vaccination for adolescents, PPSV23 vaccin-
ation in people aged 60 years or older, and HPV vaccination 
(Appendix S8).

Additional socioeconomic benefits
The expanded immunization model provided higher income 
protection for households in the informal sector compared 
with those in the formal sector, amounting to a difference 
of US$583 million over the assessed period (Table 3). 
Specifically, the cumulative income protection for informal 
households amounted to over US$2 billion, which was 1.4 
times higher than that for formal households, totaling US 

Table 1. Improved health outcomes associated with the proposed 
national immunization program expansion.

Decade Prevented 
disease cases 

by decade

Cumulative 
prevented 

disease cases

Prevented 
deaths by 

decade

Cumulative 
prevented 

deaths

1 377 810 377 810 10 006 10 006
2 1 044 592 1 422 402 18 721 28 726
3 1 851 690 3 274 092 23 637 52 363
4 2 560 347 5 834 439 29 141 81 504
5 3 116 609 8 951 048 34 676 116 181
6 3 552 630 12 503 678 38 831 155 011

Source: Authors’ analysis of original model outputs.

T
ab

le
 2

. 
C

os
t-

be
ne

fit
 a

na
ly

si
s 

an
d 

re
tu

rn
 o

n 
in

ve
st

m
en

t:
 r

es
ul

ts
 f

or
 p

ro
po

se
d 

na
tio

na
l i

m
m

un
iz

at
io

n 
pr

og
ra

m
 e

xp
an

si
on

.

C
os

t-
be

ne
fit

 a
na

ly
si

s 
co

m
po

ne
nt

s 
es

ti
m

at
io

n;
 U

S$
 m

ill
io

n 
(2

02
1 

pr
ic

es
)

C
os

t 
by

 d
ec

ad
e

B
en

efi
ts

 b
y 

de
ca

de

D
ec

ad
e

N
at

io
na

l 
pr

oc
ur

em
en

t
D

el
iv

er
y 

(H
M

O
)

Su
bn

at
io

na
l 

pr
og

ra
m

 c
os

ts
T

ot
al

 
co

st
C

um
ul

at
iv

e 
co

st
 

(A
)

Fi
sc

al
/p

ub
lic

 
fin

an
ce

sa
Pr

od
uc

ti
vi

ty
H

ou
se

ho
ld

 O
O

P 
ex

pe
nd

it
ur

e
T

ot
al

 
be

ne
fit

s
C

um
ul

at
iv

e 
be

ne
fit

s 
(B

)
R

O
I 

(=
 

B
/A

)

1
56

1
78

33
67

2
67

2
15

1
31

1
18

48
0

48
0

0.
7

2
57

3
81

34
68

8
13

60
44

4
83

0
41

13
14

17
94

1.
3

3
54

0
83

35
65

7
20

17
71

5
13

28
56

20
99

38
93

1.
9

4
51

8
85

36
63

9
26

56
99

3
18

60
71

29
23

68
16

2.
6

5
49

2
86

36
61

4
32

70
12

56
23

92
85

37
33

10
 5

49
3.

2
6

46
7

86
36

58
9

38
59

14
83

29
01

98
44

83
15

 0
32

3.
9

A
bb

re
vi

at
io

ns
: G

D
P,

 g
ro

ss
 d

om
es

ti
c 

pr
od

uc
t;

 H
M

O
, h

ea
lt

h 
m

ai
nt

en
an

ce
 o

rg
an

iz
at

io
ns

 u
nd

er
 t

he
 N

at
io

na
l H

ea
lt

h 
In

su
ra

nc
e 

Sy
st

em
; O

O
P,

 o
ut

-o
f-

po
ck

et
; R

O
I,

 r
et

ur
n 

on
 in

ve
st

m
en

t.
 

So
ur

ce
: A

ut
ho

rs
’ a

na
ly

si
s 

of
 o

ri
gi

na
l m

od
el

 o
ut

pu
ts

. 
a C

om
pr

is
es

 th
e 

fo
llo

w
in

g:
 lo

w
er

 h
ea

lt
h 

sy
st

em
 s

pe
nd

in
g 

(d
is

ea
se

 tr
ea

tm
en

t c
os

t s
av

in
gs

),
 lo

w
er

 s
oc

ia
l s

ec
ur

it
y 

sp
en

di
ng

 (s
ic

k-
da

y 
pa

ym
en

ts
 s

av
in

gs
),

 a
nd

 h
ig

he
r 

ta
x 

co
lle

ct
io

ns
 fr

om
 m

or
e 

pr
od

uc
ti

ve
 w

or
kf

or
ce

/h
ig

he
r 

ec
on

om
ic

 a
ct

iv
it

y.

Health Affairs Scholar, 2024, 2(4), qxae042                                                                                                                                                        5

http://academic.oup.com/haschl/article-lookup/doi/10.1093/haschl/qxae042#supplementary-data
http://academic.oup.com/haschl/article-lookup/doi/10.1093/haschl/qxae042#supplementary-data


$1.42 billion. In proportional terms, the impact on income 
protection in informal households was 3.2 times greater 
than that in the formal sector. This calculation considers 
that the baseline aggregated income of the informal work-
force is only 44% of the aggregated income in the formal sec-
tor (3.2 = 1.4/0.44). As a result, under the assumptions of the 
model, expanded access to life-course immunization in 
Colombia would contribute to reducing income inequality.

Discussion
The Colombian case study provides compelling evidence in 
favor of expanding the national immunization program for 
adolescents and adults. Our study found a positive and in-
creasing return on investment for including 5 vaccines across 
the life course. The primary economic benefits were observed 
in terms of productivity gains, followed by fiscal savings and 
reduced out-of-pocket health care expense for households. 
Expanding the availability of immunization throughout peo-
ple’s lives would not only have economic impact but also 
greater income protection for vulnerable households in the in-
formal workforce, contributing to reducing income inequality 
and potentially alleviating poverty. This is particularly signifi-
cant considering that a large proportion of households below 
the poverty line belong to the informal sector.

Furthermore, the proposed expansion is feasible within fis-
cal and operational capacities of the country, requiring a mo-
dest annual investment of 0.4% of the current health system 
budget for the administration of approximately 5 million vac-
cinations per year. The national government would handle 
most of the procurement, making it feasible for HMOs to de-
liver vaccination services.

The successful delivery of 75.5 million COVID-19 vaccina-
tions in just 12 months further highlights the capacity of the 
system to administer additional vaccines.51 This indicates 
that national immunization programs are well positioned for 
expansion. Policymakers have an opportunity to safeguard 
the capacity, infrastructure, and, to a degree, funding, in order 
to explore expanding routine vaccines to address comprehen-
sive needs across all stages of life.

In addition to informing national decision making in 
Colombia, this study presents an innovative approach to 
blending fiscal, economic, social, and health outcomes to 
make the case for life-course immunization programs in other 
countries. It highlights the value of investing in life-course im-
munization beyond health outcomes, including building 

resilience in the health system, contributing to more equitable 
socioeconomic progress, particularly for countries facing 
aging populations, and supporting the 2030 SDGs related to 
reducing income inequality and alleviating poverty.

While this model provides powerful evidence for the return 
of investment of life-course immunization, its results should be 
interpreted and applied in the specific context of local diseases. 
Our model demonstrated a substantial range in return on in-
vestment among the different vaccines analyzed. Despite diph-
theria, tetanus, and meningococcal meningitis showing a 
lower return on investment, it is crucial to acknowledge the 
life-threatening nature of these diseases and the potential se-
vere long-term consequences. When evaluating these vaccines, 
it becomes essential to incorporate additional value judgments 
that go beyond traditional economic benefits. These judg-
ments should account for factors such as disease severity and 
societal preferences to ensure a comprehensive assessment.52

As countries continue to recover routine immunization cover-
age rates post–COVID-19 and expand efforts to meet new public 
health needs, improved evidence will be critical in supporting in-
vestment decisions. The socioeconomic argument provided in this 
study, along with the preparedness gains demonstrated in nation-
al COVID-19 responses, should encourage scaling up investments 
in immunization across the life course. Acknowledging that fur-
ther work is needed, the impact of life-course immunization on 
the poverty rate should be estimated. For example, using earlier 
model assumptions, the authors collaborated with Colombia’s 
National Planning Department and utilized their modeling tools 
to conduct a separate analysis. In this analysis, general equilib-
rium and microsimulation models were used to determine the im-
pact of improved health outcomes on poverty reduction by 
simulating labor markets. The simulations indicated a potential 
reduction in the poverty rate in Colombia by 3.5 points after 
20 years of life-course immunization implementation. This reduc-
tion was driven by 236 930 additional workforce members under 
earlier assumptions. In contrast, under final model assumptions, 
the simulations projected 181 586 additional workforce members 
over the first 2 decades, as inferred from Table 3. In addition, fur-
ther work is needed to estimate the positive effects on gender 
equality, considering that prevented disease cases reduce the bur-
den on unpaid family caregivers, who are often women.

Conclusion
By performing a cost-benefit analysis on the inclusion of 5 
vaccines across the life course in Colombia, our study offers 

Table 3. Households’ income protection and additional workforce from productivity gains associated with the proposed national immunization program 
expansion.

Decade Income protection by decade; US$ million 
(2021 prices)

Additional potential workforce by decadea

Informally employed 
households

Formally employed 
households

Due to prevented 
cases/disability

Due to averted 
mortality

Total additional potential workforce due 
to improved health outcomes

1 65 46 47 774 1792 49 566
2 173 122 125 598 6421 132 020
3 276 196 197 336 13 963 211 299
4 387 274 271 098 24 832 295 929
5 498 353 340 424 40 199 380 623
6 603 428 399 199 62 436 461 634

Source: Authors’ analysis of original model outputs. 
aCalculated by adding the potential equivalent loss of annual workers that was averted and that was used to estimate the productivity gains of the modeled 
national immunization program expansion.
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evidence on the economic return on investment of incorporat-
ing these vaccines into the national immunization programs 
from a societal perspective. Unlike existing assessments meas-
uring the broader impact of these vaccines in nonmonetary 
terms, our results inform both the economic benefits that over-
come needed investment and broader social outcomes. If life-
-course immunization is sustained over time, the economic, 
fiscal, and social return will progressively increase.

The implementation of the proposed expansion of life- 
course immunization is feasible within the fiscal and oper-
ational capacities of Colombia. If this expansion is actively 
promoted, sustained, and protected as a national policy, and 
assessed from a more comprehensive, societal perspective, life- 
course immunization will pay off.
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