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ABSTRACT

Background: Vaccination has dramatically reduced child morbidity and mortality around the world over the past
half-century, but comparable progress has not been achieved for adults. Despite the remaining burden of vaccine-
preventable diseases among older populations, along with rapidly aging populations and the licensure of multiple
new adult vaccines, large gaps in immunization coverage remain among older adults. These gaps are particularly
pronounced in low- and middle-income countries (LICs and MICs), but they persist even in high-income countries
(HICs). The absence of robust adult vaccination delivery platforms and limited economic evidence to support
policymaking are major contributing factors. This paper aims to provide guidance on the circumstances and
vaccines for which expanding coverage of adult vaccines is—and is not-likely to be attractive. We attempt to
address the latter issue by developing and using a methodology to assess the economic value of expanded adult
vaccination for several antigens across different age and country groupings. The constraints to adult vaccination
due to other systems and policy factors are not considered in this report, but we are examining them elsewhere in
a series of country case studies.

Methods: To address the large evidence gaps, we carried out a “positioning” exercise to estimate benefit-

cost ratios (BCR) based on the number of persons needed to vaccinate (NNV) to avert a death or a year of life
lost (YLL), using variables including disease burden, vaccination costs, and the economic value of mortality risk
reduction. We applied this model to five antigens: seasonal influenza, pneumococcal disease, respiratory syncytial
virus (RSV), COVID-19, and herpes zoster (HZ). Results are presented by adult age group (20—64, 65—-74, 75+)

and World Bank country income groups. Large confidence ranges were constructed to reflect uncertainty in the
underlying data and variation in local circumstances.

Results: The existing literature largely points to favorable cost-effectiveness ratios for some adult vaccines, but
evidence is heavily concentrated in high-income settings and focuses mainly on influenza and herpes zoster
(shingles) vaccines. Our model suggests that expanded use of three of the five vaccines—for influenza, COVID-19,
and pneumococcal disease—is likely to be economically attractive for adults aged 65+ in UMICs and HICs. For
LMICs, our model suggests that expanding influenza and pneumococcal vaccines is economically attractive for
adults aged 75+. Vaccination becomes economically attractive in older adults where mortality burden is high but is
not attractive in lower age groups. Herpes zoster vaccination also appears to be less economically attractive in all
age and income groupings, although our approach fails to capture the full benefits of HZ vaccination, which averts
few deaths but reduces painful disability and is increasingly being found to reduce risk of old-age dementias.

Conclusions: As global populations age, the number of licensed adult vaccines increases, and adult vaccines

of higher efficacy are developed, investment in adult immunization offers the prospect of attractive health and
economic returns. These returns—expressed here as Benefit-Cost Ratios (BCRs)—currently look better for seasonal
influenza, pneumococcal, and COVID-19 booster vaccination and less attractive for RSV. While modeled BCRs
are high for the first three vaccines in the oldest age groups of those aged 75+ and for high- and upper-middle-
income countries (HICs and UMICs), they are lower and more uncertain for younger adults and for lower-
middle- and low-income countries (LMICs and LICs). We identify price thresholds at which these adult vaccines
might become economically attractive, especially as many countries that procure vaccines centrally have not yet
negotiated a “public sector price” with manufacturers for the newest adult vaccines for RSV and HZ. Caveats to
our conclusions result from limitations in data on adult vaccine-preventable disease burden, on current coverage
of adult vaccines, and on vaccine costs and efficacy.

Our modeling approach and results presented here can help to target and stimulate in-depth national
assessments of adult vaccination using more complete and high-quality country-specific data.



1.Introduction

Vaccination is a powerful tool to avert morbidity
and mortality. A landmark Lancet study estimates
that 154 million child lives have been saved in the 5o
years since the launch of the Expanded Programme on

Immunization by the WHO in 1974 (Shattock et al. 2024).

Most of the lives saved were those of infants—children
born today have a 40% increase in survival for each year
of infancy and childhood (Shattock et al. 2024).

While under-five mortality from lower-respiratory
infections (LRIs) has plummeted—Ilargely due to

TABLE 1.1

successful childhood immunization programs—adult
mortality from LRIs has only marginally decreased since
1990. Vaccine-preventable diseases remain a significant
cause of death among adults ages 65+. Seasonal
influenza and pneumococcal disease alone account for
1-3% of annual deaths in adults 65+ across World Bank
income groups (Table 1.1), placing them among the top
10 causes of death for this age group. Expanding adult
vaccination coverage could substantially reduce these
burdens.

Deaths from vaccine-preventable diseases as a percentage of all deaths, by adult age group

and country income group

Percent of all deaths

All ages Age 20-64 Age 65-74 Age 75+

Seasonal flu

LIC 0.85% 0.04% 0.78% 1.20%

LMIC 0.69% 0N% 0.50% 0.74%

UMIC 0.46% 0.08% 0.31% 0.63%

HIC 0.63% 0.04% 0.36% 0.83%
Pneumococcal Disease

LIC 1.90% 0.11% 1.30% 1.60%

LMIC 1.70% 0.33% 1.00% 1.20%

UMIC 0.66% 0.16% 0.43% 0.73%

HIC 0.48% 0.06% 0.31% 0.56%
RSV

LIC 0.37% 0.00% 0.03% 0.04%

LMIC 0.31% 0.01% 0.02% 0.03%

UMIC 0.07% 0.01% 0.02% 0.04%

HIC 0.05% 0.00% 0.03% 0.05%
Herpes zoster

LIC 0.06% 0.00% 0.02% 0.07%

LMIC 0.04% 0.01% 0.02% 0.05%

UMIC 0.01% 0.00% 0.00% 0.01%

HIC 0.01% 0.00% 0.00% 0.02%

SOURCE: IHME, GBD 2021
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Despite the high burden of vaccine-preventable diseases among older
populations, along with rapidly aging populations around the world and
the licensure of multiple new adult vaccines, large gaps in immunization

coverage remain among older adults

These differing trends can be attributed in part to age-
related immunosenescence and lower vaccine efficacy in
older adults (Bender et al. 2024). However, the persistently
low coverage of adult vaccines and the lack of robust adult
immunization systems comparable to those for children
are major contributors to adult disease and deaths.

Take the example of influenza. While seasonal influenza
vaccines are available in 74% of WHO Member States,
only 66% have adopted clear seasonal influenza policies
(Goldin et al. 2024). Just 33% of countries reported flu
vaccine coverage data, and only 28% reported coverage
specifically for older adults. In countries that did report
data for older adults, the proportion of the population
with access to flu vaccines ranged from 19% in low-
income countries to 95% in high-income countries, with
median coverage of 55%. Just 13 of the 194 WHO Member
States reported achieving the global target of 75%
coverage (Goldin et al. 2024).

Even fewer countries report having policies for pneumo-
coccal and herpes zoster (Sauer et al. 2021), and data

on vaccination coverage for these two antigens is less
frequently reported (Sauer et al. 2021; Tunnicliffe et al. 2025).

The importance of adult immunization will grow as the
global population ages. There are now more adults over
the age of 6o than children under 5 globally, and this gap
is projected to widen (WHO 2024).

The global failure to reach adult vaccination coverage
targets has been attributed to several factors: vaccine
hesitancy, inadequate infrastructure, competing priorities
within resource-limited health systems, differing
valuations of adult and child health, and the complexities
of an adult vaccination schedule (Aguado et al. 2018;
Tunnicliffe et al. 2025).

An additional issue, the focus of our work, is the limited
information on the economic value of adult vaccination

(Aguado et al. 2018). Although there are studies of its
cost-effectiveness, they are focused on high- and upper-
middle-income countries (HICs and UMICs) and do not
cover all adult vaccines, especially the newer RSV and
herpes zoster vaccines.

The purpose of this paper is to develop and apply a
model to estimate benefit-cost ratios for the major

adult vaccines across several age groups and all country
income categories. Given limitations in available data, we
rely on averages and ranges for the four country income
groupings. Thus, our results should be viewed as an
important first approximation of the economic value of
adult vaccination, helping to “position” each vaccine by its
economic attractiveness across age groups and country
settings. By doing so, our analysis provides BCRs for an
expanded set of antigens that are not currently well-
represented in the existing literature on the economics of
routine adult vaccination.

This positioning is intended to better equip health
analysts to inform government officials as they consider
whether to invest in adult immunization. We therefore
prioritize straightforward analysis and easily interpretable
cost and outcome variables, while using wide confidence
intervals to appropriately reflect uncertainty.

Decisions about which, if any, adult vaccines to introduce
and for what age groups will ultimately be made at
the national level and take into account a range of
factors beyond cost-effectiveness, including budget
impact, consumer demand/vaccine hesitancy, provider
awareness and support, and the capacity of existing
platforms to procure, supply, and deliver adult vaccines.
Nevertheless, prospective economic valuation of adult
vaccination remains a critical consideration, and this
report aims to contribute evidence to inform such
economic assessments.



2. Literature Review

2.1 Methods: Literature Review of
Economic Evaluations of Routine Adult
Vaccination

We conducted a literature search to better understand
the status of published economic evaluations of routine
adult immunization, and to answer questions including:
How many studies have been published? For what adult
age groups, country income groups, and vaccines? What
methods were used? And what were the main results
reported?

We focused our search on the antigens included in this
paper: seasonal influenza, pneumococcal, respiratory
syncytial virus (RSV), COVID-19, and herpes zoster (HZ).

We searched PubMed and Google Scholar with the
following criteria ("adult” OR “elderly”) AND (“vaccination”
OR "immunization”) AND ("cost-effectiveness” OR
‘number needed to immunize” OR “cost” OR "benefit
cost analysis” OR “evaluation”).

We filtered the initial selection according to the following
criteria:

e Reports cost-effectiveness results (e.g. cost per
death averted or $/Quality-Adjusted Life Year
(QALY)) and conclusion (likely cost-effective or not
cost-effective)

e Scenario(s) include vaccination of adults

e Results reported specifically for adult age groups
(>18 years old)

For each study, we recorded the country, the antigen of
focus, age group(s), analytic models, cost-effectiveness
results (e.g., $/QALY gained) and conclusions (cost-
effective vs. not cost-effective).

2.2 Results of the Literature Review

A total of 49 unique studies met our inclusion criteria.
Nearly three-quarters (69%) included results for high-
income countries (HIC), 27% had results for upper-
middle-income countries (UMIC), and just two studies
(4%) reported results for lower-middle-income countries
(LMIC). None of the studies covered low-income
countries (LIC). 45% of studies included data for European
countries and 41% for Asian countries. The United States
(8 studies), China, Japan, the Netherlands, and France (4
studies each) were the most represented nations. Most
studies identified were for either seasonal influenza
(41%) or for HZ (35%) (Table 2.1), with far fewer studies for
pneumococcal disease and RSV. The full list can be found
in Appendix E. We did not find any studies of routine
adult COVID-19 vaccination that matched our criteria.

For seasonal influenza, three-quarters (75%) reported
incremental cost-effectiveness using cost per QALY
gained. Alternative outcomes reported included cost

per death averted, cost per DALY averted/saved, and

cost per life-year saved/gained. Studies varied in their
cost perspective, including societal, third-party payer, or
public healthcare provider perspectives. We note that the
literature focuses on evaluation of cost-effectiveness (e.q.
evaluating results against QALY and DALY thresholds)
rather than economic attractiveness (e.qg. presenting
results as benefit-cost ratios).

Overall, the literature points to the cost-effectiveness
of these adult vaccines for elderly populations and risk
groups (e.g., immunocompromised persons). However,
the results come from only a small number of countries,
most of which are high- and upper-middle-income.
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TABLE 2.1

Literature review of adult vaccination economic analysis studies, by antigen and World

Bank income group

LIC LMIC UMIC HIC Total
Seasonal influenza - 7 n 20
Respiratory syncytial virus (RSV) - - 4 4
Pneumococcal - g 6 n
Herpes zoster = 2 15 17
Total o 14 36 52
NOTES:

1. Some studies included results for multiple income groups, so were included across multiple columns. This double counting gives a total of 52 in this table, but

only 49 unique studies were included.

Seventeen of twenty (85%) studies found seasonal
influenza vaccination to be cost-effective against
selected thresholds for adult age groups (50+). Only
three studies pointed to doubtful cost-effectiveness.
One study found seasonal influenza vaccination to be
cost-effective for all high-risk adults over 5o but unlikely
to be cost-effective for adults under so and low-risk
adults 50-64 years old. Two studies found that seasonal
influenza vaccination was unlikely to be cost-effective,
one for 50-64 year olds, another for 65+ year olds.

Seven of the 11 studies for pneumoniae (64%) reported
results in cost per QALY gained. Other measures used
included life years gained, cases averted, deaths averted,
and disease-free life years gained. These were either in
high-income (55%) or upper-middle-income countries
(45%); none of these studies included low-income
countries. Nine studies compared their cost-effectiveness
outcomes to thresholds, and all found that vaccination
was cost-effective for adults 6o+ years old.

The 4 studies for RSV reported results in cost per QALY
gained. They did not always compare cost-effectiveness
results against discrete thresholds. When compared, it
was found that RSV vaccination is likely cost-effective
but dependent on the price per dose.

All 17 studies of HZ zoster report results in cost per
QALY gained, and 4 included the cost per case avoided.
Most were in HICs (88%) with the remainder in UMICs
(12%). The majority (53%) concluded that herpes zoster
vaccination was cost-effective. Four studies (24%) found
that herpes zoster was only cost-effective in some
instances (for certain age groups, at a certain dose price,
and/or certain vaccine durability). Two studies concluded
that the cost-effectiveness of herpes zoster vaccination
depended on the threshold used, and one study found
that it was not cost-effective to vaccinate 65+ year olds.

Based on this review, we see a strong need for more
economic evaluations of adult vaccines. This need

is growing as populations age and new vaccine
technologies become more effective, with potential
for lower costs due to larger production volumes,
manufacturing efficiencies, and tiered pricing practices.
Future evaluations should include a broader range of
countries across all income levels and regions, with
particular focus on low- and lower-middle-income
countries, where the cost-effectiveness of routine adult
vaccination remains largely understudied.



2. Literature Review

2.3 Extended Review - Indirect Effects
of Vaccination

Among the studies that fit our inclusion criteria for cost-
effectiveness, we further assessed how they approached
the analysis of indirect effects of vaccination. We
consider indirect effects to be the transmission-blocking
effects of vaccination, which can reduce case rates and
prevent deaths in both vaccinated and unvaccinated
people. Because indirect effects may increase the
benefits of vaccination for certain antigens, they may, in
some cases, be relevant to our cost-benefit evaluation.
We sorted studies into four categories: (i) explicitly
excludes indirect effects; (ii) does not mention indirect
effects; (iii) mentions or includes them but does not
report their relative magnitude; or (iv) provides results on
their relative magnitude.

Of the 49 studies, only 9 (18%) included transmission
effects and just 5 (10%) explicitly provided results on the
relative magnitude of indirect effects (Table 2.2).

The literature indicates that transmission can play an
important role for antigens with herd (indirect) effects—
most clearly for influenza and COVID-19, and to a

lesser extent for pneumococcal disease and RSV. For
influenza, community studies show that vaccinating one
group can reduce infections among the unvaccinated,
with reported indirect effects ranging from roughly

20% 1o 60% (Loeb et al., 2010; Grijalva et al., 2024).

TABLE 2.2

Inclusion of indirect effects in literature review

For COVID-19, effectiveness of vaccination against
transmission has been estimated to range anywhere
from 16% to 95% with variations based on factors such

as strain, vaccine type, and study design (Oordt-Speets

et al, 2023). For pneumococcal vaccines, there is also

an impact on transmission, but quantifying indirect
effects is challenging due to serotype diversity, serotype
replacement, and widespread asymptomatic carriage. For
RSV, community benefits of vaccination have also been
noted, particularly for maternal vaccination to protect
against onward transmission to infants. However, there
is no published information on vaccine effectiveness
against transmission beyond maternal-infant dynamics,
and data remain insufficient for quantitative modeling
analysis. Based on the literature, herpes zoster
vaccination shows no meaningful indirect benefits, as the
vaccine primarily protects against reactivation of disease
rather than onward transmission.

Given this evidence, accounting for transmission could,
in principle, improve benefit—cost ratios for influenza,
pneumococcal, and RSV to varying degrees across age
groups and country income levels. However, a rigorous
assessment would require transmission-dynamic
models and better parameter data than are currently
available in most settings. We therefore conduct our
economic evaluation using direct effects only and note
that consideration of transmission-blocking effects of
vaccination should be a priority in future assessments or
country-level analyses.

Explicitly do not

Do not mention

Mention/include, Provide results on

include indirect effects but do not provide relative magnitude
results on relative
magnitude
Seasonal influenza 8 6 1 2
RSV 4 = = =
Pneumococcal 5 1 3
Herpes zoster 4 n 2 -




3. Methods and Data

3.1 Approach to Economic Evaluation

Our basic calculations for our positioning assessment
of adult vaccination globally begin by using

available information on vaccine characteristics and
epidemiological conditions to calculate the number of
individuals needed to be vaccinated to avert one death
(NNW).

The NNV incorporates the death rate (m), vaccine
effectiveness against death (E,), and the number of years
of protection provided by the vaccine (y) (Appendix B
provides further details):

NNV = 1 .

E; *m *y

We multiply NNV by the incremental cost of vaccinating
one person, C, to obtain an incremental cost per death
averted (CDA).

CDA = NNV x C.

We quantify the benefits from reducing mortality risk

by using a well-established body of empirical literature
on the economic value of small reductions in mortality
risk, such as those achieved through immunization. This
literature typically expresses results by aggregating the
value of many small risk reductions until one 'statistical’
death is averted, a concept known as the value of a
statistical life (VSL). Dividing a country's VSL by the cost
of averting a death results in a benefit-to-cost ratio
(BCR). VSLs are often expressed as multiples of per capita
income, ranging from 50 to 160 times per capita income.
The Harvard reference case for benefit cost analysis
recommends exploring consequences of a range of
values for the VSL—a “standardized sensitivity analysis”
(Robinson, Hammitt, Cecchini, et al. 2019; Robinson,
Hammitt, Jamison, et al. 2019). The base-case VSL
proposed by the reference case has an ‘income elasticity’

of 1.5, which implies a ratio of a country's VSL to its
income per capita, y, given by:

VSL/y = .655 x /.

where y is expressed in 1s. The VSLs for each country
income group can be found in Appendix A.

In this paper, we calculate BCRs using VSL as a multiple
of GNI per capita (I$) and CDA as a multiple of GNI per
capita (US$) for the corresponding World Bank income
group. Hence, BCR is calculated as:

BCR — VSL (multiple of GNI per capita)
" CDA (multiple of GNI per capita) *

Averting the death of an elderly person yields fewer
additional life years than averting the death of a 20-year-
old, say, with a potentially different VSL associated with
averting deaths at different ages. VSL is often estimated
in studies based on populations with an average age

of around 40. However, when doing cost-benefit or
economic evaluation of health interventions that affect
mortality risks at different ages, it can be important

to adjust VSL to reflect remaining life expectancy at
different ages. Hence our economic evaluation allows an
explicit variation of VSL with age, denoted VSL(a). In this
paper, we let VSL(a) be: VSL(40) times the ratio of life
expectancy (LE) remaining at age a to life expectancy at
age 40:

VSL(a) - VSL(40) x e

For example, if someone at age a has fewer expected
remaining years than someone aged 40, their VSL is
proportionally lower. This accords with general practice
for economic evaluation in health, but national analyses
can easily be configured to vary this assumption (for
example, by holding VSL(a) constant across ages). The
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remaining life expectancy for each age group and World
Bank country income group can be found in Appendix A.

A BCR greater than 1is generally considered the
minimum threshold for a public sector investment to

be deemed economically attractive. However, many
unrealized interventions in the health sector have BCRs
well above this threshold. For example, The Lancet
Commission on Tuberculosis (Reid et al. 2023) concluded
that expanding access to uncomplicated TB treatment
would yield a BCR of about 10 with a cost per TB death
averted on the order of $7,000. For this reason, we
consider in this paper that BCRs should exceed 5 for a
vaccine to be rated as “very economically attractive”.
BCR values of more than 1and less than five are counted
as "moderately attractive”, while values less than 1

are deemed "not attractive” based on the key current
variables (disease burden, deaths averted, cost per death
averted, VSL).

Since mortality constitutes the vast majority of the
disease burden from influenza, pneumococcal, RSV, and
COVID-19—accounting for 99% of the burden in seasonal
influenza and pneumococcal disease, and 98% for RSV
among adults aged 65 and older (IHME, GBD 2025)—we
only consider disability in the case of herpes zoster. Given
the relatively large contribution of disability and suffering
to the overall disease burden of HZ (with mortality
accounting for only 45% of total DALYs), we present

its results differently. In addition to deaths averted and
life-years gained, we calculate the cost-effectiveness

of averting an HZ case and use this—together with a
brief account of the nature, severity, and burden of HZ
infection, as well as the cost-effectiveness and BCR

of averting a DALY—to inform judgements about the
priority of HZ vaccination. See discussion in footnote

3 of Table 3.1, arguing in the case of HZ for economic
evaluations of HZ to quantify cost per case averted but
use a qualitative approach to judging the value of a case
averted.

Our approach to economic evaluation involves initially
constructing a 'dashboard’ listing four domains of
outcomes listed in Table 3.1: costs, mortality outcomes,
disability outcomes, and economic outcomes. We placed
metrics into each of these categories that are commonly
included in health economics literature. Within our
constrained perspective, we aggregated some of these
metrics into figures of merit that provide important, if

incomplete, indicators of attractiveness that will depend
on (1) vaccine costs and characteristics and (2) the nature
and epidemiology of the disease being prevented. We
emphasize key figures of merit including: the number
needed to vaccinate (NNV) to avert a death, cost per
death averted (CDA), and the benefit-to-cost ratios
(BCRs) associated with the incremental expansion of a
vaccine program in different age groups.

3.2 Choice of Age and Country Groupings

We generate results for three "adult” age groups—young
adults (ages 20-64), younger elderly (ages 65-74) and
elderly (ages 75+). We chose these three groups based
on a study of influenza mortality by Iuliano et al. (2018),
which found pronounced differences in burden among
the three groupings. Country-specific studies would, of
course, utilize naturally relevant age groups.

We likewise examine the effects of national per capita
income on vaccine cost-effectiveness by conducting
separate analyses for each of the World Bank’s four
country income groups: low-income (LIC, income range
< $1,085 in 2023), lower-middle-income (LMIC, income
range $1,086-%4,255), upper-middle-income (UMIC,
income range $4,256- $13,205), and high-income (HIC,
income range > $13,205) (Hamadeh, et al. 2023). This
grouping helps us fill in the gaps in cost-effectiveness
analyses in the existing literature on adult vaccination,
which focuses on HICs and UMICs.

3.3 Sources of Data on Disease Burden

We used mortality rate estimates from the Institute of
Health Metrics and Evaluation Global Burden of Disease
2021 Study (GBD) for influenza, Streptococcus pneumonia,
RSV, and HZ. We exported country-level data by 5-year
age groups and then aggregated the results into the
four World Bank income groups and three age groups of
focus (20-64, 65-74, 75+).

Because GBD lacks COVID-19 data beyond the pandemic,
we used a global estimate of the COVID-19 mortality
rate in 2024 from the WHO. WHO stopped requiring
countries to report COVID-19 data in August 2023, and as
of the latest update on March 22, 2025, only 41 countries
were still reporting data to WHO. There was significant
variation in COVID-19 data reporting even in 2023, SO

we elected to use a global estimate. WHO reported
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TABLE 3.1

Outcome dashboard for economic evaluation of adult vaccines

Variable

Definition

Costs

Vaccine cost

Delivery cost to health system’

Delivery cost to recipient’

This is what the buyer needs to pay for the vaccine, which will depend on:
whether (and how much) monopoly profit the vaccine manufacturer is able
to include from patent protection; the marginal cost of manufacture and
packaging; and the extent of effective purchasing power the buyer(s) are able
to exercise.

This includes movement of the vaccine along the cold chain to point of
delivery and the cost of vaccine administration itself.

This includes time, inconvenience, vaccine risk, and transport costs to the
recipient.

Alternative mortality outcomes

Deaths averted
Life years gained

Changes in death rates

Deaths averted at all ages, or by age group.
Life expectancy gained from averting a death at a given age.

By age group.

Alternative disability outcomes

Years lost from disability (YLD)?

Cases?

An attempt to measure lives lost from disability or loss of function from a
condition calculated from the product of a “disability weight” and the duration
in years of the condition.

“Case” is used to indicate a short verbal description of the nature, severity and
duration of an episode of disability or illness.

Economic outcomes

Vaccination externalities

Health system resources freed

Patient and caregiver time freed

Vaccination of an individual can result not only in protection of that individual
against infection or death but also keep that individual from infecting others.
The size (or existence) of vaccination externalities can affect decisions
concerning public financing or intervention.

This paper uses “resources freed” for other health system uses, rather than
costs averted, as a more realistic description of the same metric.

This paper uses “patient time freed” as an indicator of productivity gains,
broadly defined. Preventing illness can free the time of patients, family
members, and unpaid caregivers that would otherwise be lost to the illness, or
to treating it, that can be deployed in paid labor, unpaid labor, or leisure.

NOTES:

1. The division of costs between those to the health system and those to the vaccine recipient is, in part, a decision variable for the health system. Providing more

dispersed vaccine distribution points and better hours of access, for example, would increase costs to the system and reduce them to the recipient. How that

balance is struck affects vaccine uptake.

2. YLDs are often added to YLLs to obtain the disability adjusted life year (DALY). DALYs have been used since 1993 to measure the overall burden of disease
(World Bank 1993; Murray, Lopez, and Jamison 1994) and they are often used as effectiveness measures in cost-effectiveness analyses. A frequent source of

confusion is that burden of disease DALYs can differ from those typically used in cost-effectiveness analyses by about a factor of two for younger age groups. For

practical purposes, the concept of the quality-adjusted life year (QALY) is about the same as the cost-effectiveness DALY and is often used as an effectiveness

measure in high-income countries.

3. For clarity of exposition, and to avoid the range of implicit value judgements underpinning DALYs, the concept of a verbally described case of illness can be
used. For example, herpes zoster vaccination results in a substantial reduction in pain and suffering from shingles, as well as a reduction in old-age dementia
risk. Its impact on mortality is real but modest. Many analysts and decision-makers might reasonably judge that the small YLD value assigned to a case of

shingles by burden of disease assessments suggests an inadequacy of the YLD assignment and, hence, the potential superiority of using qualitative judgement to
assess whether the value of averting a case was worth the cost. In addition to assessing the cost per DALY averted of herpes zoster vaccination, this paper also
highlights the cost per case averted and provides a verbal description of the value of averting a case.



3. Methods and Data

age-group-specific COVID-19 deaths for 0-4, 5-14, 15- higher death rate for adults over 70 years old using
64, and 65+ year olds. We only report the data for 65+ the GBD 2019 study versus our extracted estimates.
and use the same value for all income groups due to Published estimates of country-level RSV mortality rates
incompleteness in the available COVID-19 data. are also larger than our estimates by a factor of about 10,

including those from Norway (Casas et al. 2025) and the

Mortality rates (per 100,000 population) for each antigen .
y (P ' pop Al g United States (Hansen et al. 2022).

are shown in Table 3.2. More information can be found in

Appendix C.

3.4 Sources of Data on Vaccine
We calculated sensitivity intervals for mortality rates Effectiveness
using range estimates from IHME. Although the ranges
as a percent difference from the central estimate varied Vaccine effectiveness data for the five antigens of
across antigens, age groups, and income groups, most interest are drawn from the published literature and
fell at around 50%. To standardize, we used a 50% presented as ranges (Table 3.3). We use the midpoint
confidence interval for all antigens except for RSV. of the range for point estimates and present the range
For RSV, we used 50% as the downward estimate but as our sensitivity interval. The vaccine effectiveness
applied a 10x multiple for the upper estimate. We did is calculated for the duration of effectiveness, which
S0 because the mortality rate that we extracted from takes into account waning protection. Vaccines can be
the IHME GBD was lower than what we found in other effective against death by preventing infection, reducing
publications. For example, Du et al. (2023) found a 10x the probability of death once infected, or a combination
TABLE 3.2

Global burden of mortality from diseases addressed by selected adult vaccines

Deaths globally, 2018’ Death rate globally, Mortality as
per 105population per year, 2018 a fraction of
total burden,
age 65+ (%)*
Total Ages 20-64 Ages 65-74 Ages 75+ Total Ages 20-64 Ages 65-74 Ages 75+
COVID-19? 64,000 7,000 57,000 0.78 0.76 29 -
RSV 98,000 3,800 2,500 9,000 13 0.09 0.57 3.3 08%
Seasonal 340,000 77,000 43,000 165,000 4.5 11 10 61 99%
influenzas
Herpes 15,000 1,700 950 5,400 0.19 0.04 0.22 2 55%
zoster
Pneumo- 590,000 110,000 68,000 179,000 7.8 2.5 16 66 99%
coccal
NOTES:

1. Estimates from all antigens except COVID-19 are from IHME GBD (2021). COVID-19 estimates are from the WHO (2025). The numbers from IHME represent
estimates caused by the indicated pathogen but are not included in the estimates of mutually inclusive and collectively exhaustive causes of death. Hence it
would be inappropriate to interpret this number in terms of a fraction of total deaths. However, it is appropriate to view it as the potential number of deaths
that could be addressed by a vaccine.

2. COVID-19 data are for 2024. WHO stopped requiring countries to report data in August 2023. As of the latest data update on March 22, 2025, only 41 countries
reported data to the WHO. WHO provides age-specific deaths for 0-4, 5-14,15-64, and 65+ years old. We report the latter two age groups and total.

3. luliano et al. (2018) also present credible estimates using the WHO GHE. Their numbers are very similar to those in IHME GBD, which we use in our
calculations for consistency with the other antigens.

4. Mortality as a fraction of total burden comes from IHME (2021) and is defined as the years of life lost (YLL) component of the DALY over the total DALY (YLL +
YLD), expressed as a percentage.
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TABLE 3.3

Adult vaccine effectiveness'

Year of first Duration of effectiveness? Effectiveness Selected vaccine types
availability (# of doses in full course) against death available in 2025
COVID-19 2020 <1year (1) 50-80% Moderna (mMRNA), Pfizer
(mRNA), Novavax (protein
adjuvant)
RSV 2023 2 years (1) 70-90% GSK (Arexvy), Pfizer
(Abrysvo)
Seasonal influenza 1945 1year (1) 40-60% AstraZeneca (multiple), GSK
(multiple), Sanofi (multiple),
CSL Segirus (multiple)-all
Trivalent vaccines
Herpes zoster 2006 4-7 years (2) Primarily uses against GSK (Shingrix)
disability and pain.
Effectiveness = 89-97%
Pneumococcal 1977 7 years (1) 40-72% PCV21 (Merck, Capavaxie),

pneumonia

PCV20 (Pfizer, Prevnar
20), PCV15 (Merck,
Vaxneeuvancee), PPSV23
(Merck, Pneumovax)

SOURCE: Feikin et al.,, 2022; ECDC, 2024; de Gier et al. 2023; CDC, 2025; Payne et al,, 2024; Chung et al,, 2020; White et al,, 2024; Immunize, 2024; CDC, 2024;

Nakafero et al., 2024; Vila-Cércoles et al., 2005.

NOTES:

1. Two factors limit duration of effectiveness. One is evolution of the prevalent variant of the pathogen toward being less susceptible to a given vaccine
formulation. The other is waning effectiveness of an administered vaccine to the targeted pathogen. For both COVID-19 and seasonal influenza, pathogen

evolution plays a particularly significant role.

2. Vaccines affect outcomes along multiple dimensions, among them are infection, mild disease, progression to death or severe disease once infected, and
onward transmission once infected (Appendix B). To the extent we can ascertain from available sources, we report overall protection against death, E in the
nomenclature of Appendix B, which results from both protection against infection (e)) and progression to death once infected (e,). For further discussion of

dimensions of vaccine effectiveness, also see Halloran et al (2010).

of both. They prevent infection both by reducing
infection probability in the vaccinated individual and by
preventing onward transmission and, thereby, reducing
infection and mortality probabilities in the unvaccinated
(externalities or indirect effects). When we could not find
a direct report of vaccine effectiveness against death, we
calculated it via the vaccine's impacts on infection and
death once infected. For more on modelling vaccination
impact, see Appendix B.

3.5 Sources of Data on Vaccine Cost

We calculate vaccination cost as a sum of the vaccine
dose cost (for a full course) and the associated delivery
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costs for transport, warehousing, health care personnel
time, information systems, and reporting (Table 3.4).

In this sense, we attempt to take a broader view of
vaccine cost than many studies in the literature, which
only focus on vaccine procurement prices or assume
negligible delivery costs. We treat vaccines as tradeable
with costs that are uniform globally but that also

follow the established patterns of tiered pricing across
markets (GAVI, 2010). Vaccine dose costs are calculated
as averages of the procurement cost for a full course of
doses for each antigen and for each World Bank income
group from the 2024 Market Information for Access to
Vaccines (MI4A) database, which includes reporting of
vaccine purchases by 168 countries in 2023 (WHO, 2024).



3. Methods and Data

Where data were not available for a given income group
and vaccine, we estimated the cost based on the ratio
between the cost of COVID-19 vaccination in high-
income countries and the other income groups (of the
vaccines considered in this paper, COVID-19 was the only
one with purchasing data for all income groups). This is
further described in Appendix D.

Vaccine delivery costs are viewed as local and calculated
as a percentage of GNI per capita (World Bank, 2023).
This makes them lower in LICs and MICs than in HICs
because of major differences in labor costs, the main
component in delivering vaccines by doctors, nurses, and

TABLE 3.4

other health care providers. Our cost estimates omit
the private costs incurred by patients, including their
time (and earnings foregone), transportation to health
facilities, and side-effect costs to their health.

All calculations of NNV, CDA, and BCR incorporate
ranges for the key variables outlined above, reflecting
both uncertainty in parameter estimates and inherent
variability across environments. The methods used to
define and apply parameter ranges are described in
Appendix B. Results incorporating parameter variability
for NNV, CDA, and BCR are presented in detail for each
antigen in Appendices F-J.

Adult vaccination costs, estimated for early 2020s, by World Bank income group

Costs in 2023 US dollars'2

Low-income Lower-middle income Upper-middle income High-income
1. Vaccine Costs?
: $1.70 $3.40 $4.20
Seasonal influenza
($0.42-2.00) (50.42-3.40) ($2.70-4.10) ($3.40-5.00)
$7.00 $7.80 $17
COVID-19
($1.70-8.40) ($1.70-8.80) ($6.20-9.40) ($14-20)
$8 $ $220
RSV ? 9
($22-10) ($79-120) ($180-260)
$49 $54 $120
Pneumococcal
($12-59) (43-65) ($96-140)
$100 $110 $250
Herpes zoster
($25-120) ($88-130) ($200-300)
2. Delivery Costs
$0.92 ($0.69-1.15) $3.50 ($2.63-4.38) $15 ($11-19) $67 ($50-84)

3. Total Costs

Seasonal influenza $2.60 ($110-3.20) $6.30 ($3.00-7.80) $18 ($14-23) $71($54-89)
COVID-19 $7.90 ($2.40-9.60) $11 ($4.30-13) $23 ($17-28) $84 ($64-100)
RSV $90 ($23-110) $97 ($25-110) $110 ($90-140) $290 ($230-340)
Pneumococcal $50 ($13-60) $55 ($15-65) $69 ($54-84) $190 ($150-220)

Herpes zoster $100 ($26-120)

$110 ($28-130)

$130 ($99-150) $380 ($300-470)

NOTES:

1. Costs are expressed in 2023 exchange rate dollars and as a % of per capita income per day. Costs reflect a full course of immunization. The number of doses in

a full course can be found in Table 3.3. All costs are rounded to two significant figures.

2. Daily per capita income is calculated by dividing the 2023 annual GNI per capita, Atlas method (US$) for each income group by 365. Delivery cost is equivalent

to 100% of daily GNI per capita, with a range from 75-125%.

3. Vaccine prices are calculated from the MI4A database. Where values were not available for a given vaccine and a given income group, we estimated a value by
using COVID-19 to establish a ratio of dose costs between high income groups and other income groups. We used this ratio to complete the gaps. We provide a
range of vaccine dose prices across antigens and income groups. More detail is provided in Appendix D.



4. Results

Across the antigens assessed, influenza and
pneumococcal vaccination look moderately to highly
economically attractive for those over 75 years of age
and at best moderately attractive for adults in the
65-74 age band—warranting serious consideration for
financing in most country income groups (Table 4.1). RSV
vaccination does not look economically attractive based
on our point estimates, but it appears more attractive
at the upper end of our confidence intervals, which
consider estimates of mortality rate based on several
country-specific studies (as opposed to the IHME global

4.1 Economic Analysis of Select
Adult Vaccines

We report economic results across age groups and World
Bank income categories for five high-burden antigens:
seasonal influenza, pneumococcal disease, respiratory
syncytial virus, COVID-19, and herpes zoster. Antigens
were evaluated based on three primary metrics including
number needed to vaccinate (NNV), cost per death
averted (or case/DALY averted for HZ), and benefit-cost
ratios (BCRs).

TABLE 4.1

Summary of BCRs for antigens, age groups, and World Bank income groups!

LIC LMIC UMIC HIC

Influenza

Age 20-64 .077 (.01-.61) 16 (.02-1.1) .27 (.036-1.2) .34 (.045-1.5)

Age 65-74 45 (.06-3.6) .83 (11-5.9) 1.2 (15-5.2) 1.8 (.23-7.8)

Age 75+ 91 (12-7.3) 2.1(.28-15) 3.8 (50-17) 8.4 (11-37)
Pneumococcal

Age 20-64 .042 (.020-.65) 19 (.089-2.7) 74 (.34-3.7) 11 (.53-4.2)

Age 65-74 16 (.077-5.8) .67 (:32-21) 2.2 (1.0-20) 3.3 (1.6-25)

Age 75+ 28 (12-18) 1.5 (.70-78) 5.8 (2.7-92) 13 (6.1-160)
RSV

Age 20-64 <.001 (<.001-.031) .0026 (<.01-.17) .016 (.0037-.33) .036 (.0089-.76)

Age 65-74 .0017 (<.001-.11) .0089 (.0023-.58) .044 (.01-.97) 1 (.028-2.4)

Age 75+ .0028 (<.001-.19) .019 (.0049-1.2) 12 (.027-2.4) .48 (12-10)
COVID-19

Age 65+ .082 (.017-.75) 42 (.091-3.0) 15 (.32-5.8) 3.9 (:84-14)
Herpes Zoster?

Age 20-64 .0022 (<.001-.02) .01 (.0029-.10) 045 (.012-14) 12 (.031-.35)

Age 65-74 .0078 (.0021-.07) .035 (.0095-.32) 12 (.033-37) 29 (.075-.87)

Age 75+ .027 (.0073-.25) 12 (.033-1.1) .32 (.087-.98) 75 (19-2.2)

NOTES:

1. Yellow indicates a moderately attractive BCR (1sBCRs5) and green indicates a highly attractive BCR (BCR>5)

2. Herpes zoster's measure of benefit is DALYs averted. All other antigens use deaths averted as measure of benefit.
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4. Results

estimates, which are lower). Herpes zoster vaccination
does not appear economically attractive in our analysis
in any of the country income groupings when assessed in
terms of cost per death or DALY averted. However, this

is not the only—nor necessarily the most appropriate—
method for assessing the benefits of HZ (see more below
in Section 4.1.5). COVID-19 vaccination appears to be
moderately economically attractive for adults aged 65+
in HICs and UMICs, but not economically attractive in
LMICs and LICs. Detailed results by antigen are outlined
in the following sections.

TABLE 4.2

4.2 Detailed Results by Antigen

4.2.1 Influenza Vaccination

Expanding routine coverage of seasonal influenza
vaccination is moderately attractive in adults 75+ in
LMICs and UMICs (BCRs 2.1 and 3.8, respectively), and
highly attractive in HICs (BCR 8.4) (Table 4.2). For UMICs
and HICs, expanding vaccination for adults 65-74 is
moderately attractive (BCRs 1.2 and 1.8, respectively). It is
also on the threshold of becoming moderately attractive
for ages 75+ in LICs (BCR 0.91). All other age and

income group combinations for influenza do not appear
attractive (BCR = .077-.83).

Economic analysis of seasonal influenza vaccination

Indicator LICs LMICs UMICs HICs
1. NNV'
Age 20-64 78,000 110,000 160,000 280,000
Age 65-74 6,000 9,400 18,000 28,000
Age 75+ 1,600 2,200 3,100 3,400
2.1CDA?-$
Age 20-64 $200,000 $680,000 $2,000,000 $20,000,000
Age 65-74 $15,000 $59,000 $320,000 $2,000,000
Age 75+ $4,100 $14,000 $56,000 $240,000
2.2 CDA - Multiple of per capita income
Age 20-64 270 270 280 410
Age 65-74 20 24 30 41
Age 75+ 5.4 5.4 5.3 5.0
3. Benefit-to-cost ratio
Age 20-64 .077 16 27 34
Age 65-74 45 83 1.2 1.8
Age 75+ o1 2.1 3.8 8.4
NOTES:

1. Number needed to vaccinate to avert a death. NNV incorporates the death rate, vaccine effectiveness against death

provided by the vaccine (details in Methods and Appendix B).

, and the number of years of protection

2. Cost per death averted, defined as the NNV multiplied by the incremental cost of vaccinating one person.
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The low end of the confidence ranges for all estimates is
below 1 (the lower threshold of moderately attractive),
except for ages 75+ in HICs (.01 among ages 20-64 in
LICs up to .50 among ages 75+ in UMICs) (Table 4.1,
Appendix F). The high end of the confidence range
exceeds 1 for all age and country income groups (high
end BCR ranging 1.1-37) except ages 20-64 in LICs (high
end BCR of .61). Further, the high end of the confidence
range exceeds s (threshold of highly attractive) for all
income groups among adults aged 65-74 and 75+ (high
end BCR ranging 5.9 — 37), except for adults 65-74 in LICS
(high-end BCR of 3.6).

4.2.2 Pneumococcal Vaccination
Our modeling suggests that pneumococcal vaccination
is highly economically attractive for adults aged 75+ in

TABLE 4.3

Economic analysis of pneumococcal vaccination

UMICs and HICs (BCRs 5.9 and 13, respectively) (Table 4.3)
and moderately attractive for adults aged 75+ in LMICs
(BCR1.5), adults aged 65-74 in UMICs and HICs (BCRs

2.2 and 3.3, respectively), and adults aged 20-64 in HICs
(BCR 1.1). Expanded pneumococcal vaccination does not
appear economically attractive for adults of any age in
LICs (BCRS .042-.28).

As with seasonal influenza vaccination, there were wide
confidence ranges (Table 4.1, Appendix G). BCRs were
greater than or equal to 1 at the lower end of the interval
for adults aged 65-74 and 75+ for UMICs and HICs (low
end BCRs 1.0-6.1). Similar to influenza, the high end of
the confidence range exceeds 1 for all age and country
income groups (high end BCR ranging 2.7-160) except
ages 20-64 in LICs (high end BCR of .65).

Indicator LICs LMICs UMICs HICs
1. NNV
Age 20-64 7,500 10,000 16,000 33,000
Age 65-74 840 1300 2500 5500
Age 75+ 270 360 540 860
2.1CDAz-3
Age 20-64 $370,000 $560,000 $1,100,000 $6,200,000
Age 65-74 $42,000 $71,000 $170,000 $1,000,000
Age 75+ $13,000 $19,000 $37,000 $160,000
2.2 CDA - Multiple of per capita income
Age 20-64 490 220 100 130
Age 65-74 56 28 16 22
Age 75+ 18 7.7 35 34
3. Benefit-to-cost ratio
Age 20-64 .042 19 74 11
Age 65-74 16 .67 2.2 3.3
Age 75+ 28 15 5.8 13
NOTES:

1. Number needed to vaccinate to avert a death. NNV incorporates the death rate, vaccine effectiveness against death, and the number of years of protection

provided by the vaccine (details in Methods and Appendix B).

2. Cost per death averted, defined as the NNV multiplied by the incremental cost of vaccinating one person.
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4.2.3 RSV Vaccination

Expanded routine RSV immunization was not found to
be economically attractive for any income or age group
(BCRS <.001-.48) (Table 4.4). This lackluster attractiveness
is driven both by the low mortality rate used in our
analysis based on the currently available global data, and
the high cost of the RSV vaccine at present ($90-290
per delivered dose, no public sector pooled procurement
price for Gavi and other MICs). If mortality turns out to
be higher than in the IHME figures (as we suspect is

the case) and countries can negotiate lower RSV prices
for larger public sector tenders, the BCR results could
change from unattractive to attractive. For example, if
the price of the RSV vaccine in HIC is lowered from the
$290 estimate used in our model to $135, the BCR for
ages 75+ becomes moderately attractive.

As described in the methods section of this paper, other
studies find significantly higher RSV mortality rates in

TABLE 4.4

Economic analysis of RSV vaccination

older adults than the numbers we use. To account for
this, the confidence range for RSV includes a mortality
rate 10x higher (as opposed to 20% higher for other
antigens) than our point estimate. The confidence range
also includes potential effects of future tiered pricing for
LICs and LMICs, which could potentially lower vaccine
dose costs by up to 90%. The upper end of our BCR
confidence ranges reflects the potential benefit of these
two factors, in which case RSV looks similarly attractive
to the values we find for seasonal influenza. If examining
the upper estimates, RSV vaccination appears highly
attractive for adults aged 75+ in HICs (high end BCR of
10) and moderately economically attractive in adults
aged 75+ in LMICs and UMICs (high end BCRs of 1.2 and
2.4, respectively) and in adults aged 65-74 in HICs (high
end BCR of 2.4) (Table 4.1, Appendix H). However, the
upper end of our BCR estimates never exceed 1 for adults
aged 20-64 in any income group (high end BCRs .031-
.76), pointing to low cost-effectiveness in younger adults.

Indicator LICs LMICs UMICs HICs
1. NNV'
Age 20-64 370,000 410,000 450,000 650,000
Age 65-74 45,000 57,000 78,000 110,000
Age 75+ 15,000 16,000 17,000 15,000
2.1CDA>-3
Age 20-64 $33,000,000 $40,000,000 $50,000,000 $180,000,000
Age 65-74 $4,000,000 $5,500,000 $8,500,000 $30,000,000
Age 75+ $1,300,000 $1,500,000 $1,800,000 $4,100,000
2.2 CDA - Multiple of per capita income
Age 20-64 44,000 16,000 4,700 3,800
Age 65-74 5,400 2,200 810 620
Age 75+ 1,700 600 170 86
3. Benefit-to-cost ratio
Age 20-64 <.001 0026 .016 .036
Age 65-74 .0017 .0089 044 n
Age 75+ 0028 .019 12 48
NOTES:

1. Number needed to vaccinate to avert a death. NNV incorporates the death rate, vaccine effectiveness against death, and the number of years of protection

provided by the vaccine (details in Methods and Appendix B).

2. Cost per death averted, defined as the NNV multiplied by the incremental cost of vaccinating one person.
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4.2.4 COVID-19 Vaccination

Expanded COVID-19 vaccination appears moderately
attractive for adults aged 65+ in UMICs and HICs (BCR
1.5 and 3.9, respectively). Based on our assumptions,
expanding COVID-19 vaccination does not appear
economically attractive for adults 65+ in LMICs and LICs
(BCRs .082 and .42, respectively) (Table 4.5).

COVID-19 is different from the other antigens in this
analysis because we use the same mortality rate for all
income groups. As a result, variation in BCRs is driven
more by the relationship between vaccine price and VSL
than by disease burden. Since the VSL-to-price ratio
increases with income for this particular vaccine, the BCR
for COVID-19 vaccination rises with country income level
and is higher for HICs than for LICs.

At the top of their confidence ranges, UMICs and HICs
reach high attractiveness (BCRs 5.8 and 14, respectively)
and LMICs reach moderate attractiveness (BCR of 3.0).
LICs have a BCR of 5.0 at the top of their confidence
range despite a point estimate of .082 (Table 4.1), which
reflects our wide sensitivity interval that incorporates
variations in dose costs among LICs and LMICs (described
in Appendix D).

TABLE 4.5

Economic analysis of COVID-19 vaccination

4.2.5 Herpes Zoster Vaccination

Unlike the other four antigens analyzed, morbidity
accounts for a substantial share (55%) of the burden of
HZ (Table 3.2). As described in the methods, we therefore
present results for herpes zoster in terms of DALYsS—
and their economic value—and cases averted, adding

a qualitative dimension to the value of benefit. We find
that in no country income or age group does expanding
HZ vaccination appear economically attractive when
analyzed by DALYs averted (BCRs range from <.01to
.75) (Table 4.6). Nonetheless, the NNVs to avert a case
shown in Table 4.6 are low and, for reasons outlined

in the following paragraph, many countries may judge
that outcomes judged in terms only of deaths or DALYs
averted fail to adequately capture the benefits of HZ
immunization. For this reason, we view our calculations
of NNVs and costs per cases averted to be the relevant
part of our economic evaluation for HZ. Others may,
however, differ on this point, and for that reason, we
also report our calculations of NNV to avert a DALY, the
cost of averting a DALY, and benefit-to-cost ratios based
on those calculations. Table 4.6 presents those results in
light type.

Indicator LICs UMICs HICs
1. NNV

Age 65+ 11,000 11,000 11,000
2.1 CDA?-$

Age 65+ $84,000 $240,000 $890,000
2.2 CDA - Multiple of per capita income

Age 65+ 110 23 18
3. Benefit-to-cost ratio

Age 65+ .082 15 3.9

NOTES:

1. Number needed to vaccinate to avert a death. NNV incorporates the death rate, vaccine effectiveness against death, and the number of years of protection

provided by the vaccine (details in Methods and Appendix B).

2. Cost per death averted, defined as the NNV multiplied by the incremental cost of vaccinating one person.
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TABLE 4.6

Economic analysis of herpes zoster vaccination

Indicator LICs LMICs UMICs HICs
Cases Averted'
1. NNV
Age 20-64 350 320 330 280
Age 65-74 120 120 130 120
Age 75+ 06 91 100 02
21CCA-3
Age 20-64 $35,000 $35,000 $43,000 $110,000
Age 65-74 $12,000 $13,000 $17,000 $44,000
Age 75+ $9,600 $10,000 $13,000 $35,000
DALYs?
1. NNV
Age 20-64 2,800 3,400 4,600 4,500
Age 65-74 810 1,100 1,700 1,800
Age 75+ 230 300 650 720
2.1 C(DALY)A - $
Age 20-64 $280,000 $380,000 $600,000 $1,700,000
Age 65-74 $80,000 $120,000 $220,000 $700,000
Age 75+ $23,000 $33,000 $85,000 $270,000
2.2 C(DALY)A - Multiple of per capita income
Age 20-64 370 150 57 35
Age 65-74 110 46 21 14
Age 75+ 30 13 8 5.6
3. Benefit-to-cost ratio
Age 20-64 0022 on 045 12
Age 65-74 0078 .035 12 .29
Age 75+ 027 12 32 .75
NOTES:

1. Here, NNV is the number needed to vaccinate to avert a case. CCA is the cost per case averted, defined as the NNV multiplied by the incremental cost of

vaccinating one person (details in Methods and Appendix B).

2. Here, NNV is the number needed to vaccinate to avert a DALY. C(DALY)A is the cost per DALY averted, defined as the NNV multiplied by the incremental cost

of vaccinating one person (details in Methods and Appendix B).

The cost per case averted ranges from a low of $9,600 for
adults aged 75+ in LMICs to $110,000 for adults aged 20-
64 in HICs (Table 4.6). Costs per case averted generally
increase from LICs to HICs due to both higher vaccine
costs and larger NNVs to avert a case. A typical case of
herpes zoster lasts 3-5 weeks. It can result in intense
pain, rashes, and fluid-filled blisters that break open

and crust over. Severe cases can lead to postherpetic
neuralgia, which causes excruciating pain long after
blisters clear due to damaged nerve fibers, vision loss,

neurological problems such as facial paralysis and skin
infections. The risk of serious complications from herpes
zoster infection increases with age (Cleveland Clinic
2023). Considering these disabling consequences of a
herpes zoster infection, some may judge these costs per
case averted to be attractive, especially for adults aged
65+. In addition, recently published studies point to the
potential for HZ vaccination to delay the onset and slow
the progression of dementia, as further described in the
Discussion (Section 5.2.2) of this report.
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5. Discussion

5.1 Significance of This Study

As the global population ages and new vaccines
targeting major causes of disease in older adults enter
the market, the economic value of adult vaccination

is an issue and opportunity of growing importance

that remains underexplored and almost certainly
underutilized. The majority of existing studies suggest
that cost-effectiveness could be high, at least for the two
vaccines (seasonal influenza and pneumococcal vaccines)
that have been examined in multiple studies. However,
these findings from the existing literature are incomplete
and have not been communicated effectively to national
authorities. Significant data and analytical gaps remain.

This study begins filling such gaps by developing and
applying a modeling tool that generates comparable
results on the economic value of five major adult
vaccines in different age groups across the world's major
country income categories. This tool focuses on three
metrics: number needed to vaccinate to avert a death,
cost per death averted, and benefit-cost ratio. Where
appropriate, it also reports related metrics such as life
years gained, DALYs averted, and cases averted.

To our knowledge, this paper presents the first, and only,
global estimates of the economic value of routine adult
vaccination against seasonal influenza, pneumococcal
disease, RSV, herpes zoster, and COVID-19, disaggregated
by age groups and national income categories. While
these estimates are subject to considerable uncertainty,
due mainly to limitations in the underlying data on
disease burden and vaccination cost, we use wide
confidence intervals to show the plausible range of
benefit-cost ratios.
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The results of our modeling analysis can serve to
broadly position the five adult vaccines across age and
country income groupings, assisting national analysts
and policy makers in deciding whether to look more
deeply into these vaccines and, eventually, whether it
makes sense from an economic perspective to adopt
and finance them. Given the potential to lower vaccine
prices—through technology advances, large-scale
manufacturing, and negotiations between suppliers and
the largest national purchasers—our modeling tool can
help to explore vaccine price points and vaccination cost
thresholds that countries must achieve to consider an
adult vaccine as an economically attractive investment.
The tool can also accommodate new data on disease
burden and on improved vaccine effectiveness which
may emerge as a result of R&D breakthroughs.

5.2 Gaps in Existing Literature

The existing literature points to the cost-effectiveness of
expanded adult vaccination for several antigens in some
age and country groupings but is incomplete and largely
neglects low-income countries and overlooks several
promising new adult vaccines.

The existing literature on cost-effectiveness of adult
vaccination focuses primarily on seasonal influenza

and HZ vaccines, and to a lesser degree, pneumococcal
vaccines, and is focused in high (HICs) and upper middle-
income countries (UMICs). It broadly reports the positive
economic value of expanded use of these vaccines
among the elderly. There are fewer existing studies

that examine RSV vaccination, but those we identified
also report good cost-effectiveness in higher- income
countries and for older age groups.



5. Discussion

There are very few studies evaluating the cost-
effectiveness of adult vaccination in low-income (LIC)
and lower-middle-income countries (LMICs). Additional

studies are especially needed for the vaccines, age ranges,

and country income groups where our positioning
analysis suggests potentially high benefit-cost ratios—for
example, seasonal influenza vaccination among adults
aged 75+ in LMICs.

5.2.1 Use of Modeling to Guide Global Adult
Vaccination Economics

Wider use of the modeling approach we have adopted
could help orient and drive further economic evaluation
of adult vaccination globally and facilitate sound
investment decisions.

Most published studies present results in costs per QALY
gained, with few including alternative cost-effectiveness

measures such as cost per death averted or case avoided.

Moreover, few studies convert metrics for health gains
(e.g., lives or life-years gained) into economic values to
produce benefit-cost ratios. While QALY/DALY metrics
are widely used by health economists and frequently
shape analysis by health technology assessment
agencies, these metrics are often less familiar to health
and finance ministry officials tasked with deciding
whether to promote and pay for new vaccines. The more
straightforward and intuitive methodology used in this
study, based on deaths/health life years lost, the cost of
averting a death, and BCRs, could prove more accessible
and useful to country decision-makers.

5.2.2 Importance of Further Economic Assessments
of Adult Vaccination

Our results support additional analysis of the economic
value of routine adult vaccination, especially in areas
where our modeling suggests that there is good
economic attractiveness (BCRs of >5) or moderate
attractiveness (BCRs of 1-5).

Our modeling shows that expanded routine seasonal
influenza vaccination is economically attractive for adults
aged 75+ in LMICs, UMICs, and HICs. Expanded routine
pneumococcal vaccination is attractive for adults aged
65+ in UMICs and HICs, and attractive for adults 75+

in LMICs. COVID-19 vaccination is attractive for adults
aged 65+ in UMICs and HICs. For no antigen or country
income group did expanding routine vaccination appear

economically attractive for adults aged 20-64. For
these reasons, country-focused analysis could have an
important impact on national vaccination policies and
programs if it targets the antigens and age groups that
our analysis “positions” as having higher benefit-cost
ratios.

RSV vaccination does not appear attractive from our BCR
point estimates. However, our data on RSV mortality
burden taken from IHME are significantly lower than
those reported elsewhere in the literature for older
adults in specific countries. When we use these latter
high mortality rates, expanded adult routine RSV appears
more economically attractive for adults 65+, following
similar age and income patterns as influenza and
pneumococcal vaccination. Therefore, further country-
specific evaluations of RSV in the high age groups are
also merited.

Our estimates for HZ vaccination do not appear
economically attractive when valuing the deaths or
even the disability-weighted losses (DALYs) averted.
However, this approach may underestimate the benefits
of HZ vaccination. Recent research leveraging natural
experiments has found a 20% relative reduction in
dementia diagnosis among those vaccinated and a 52.3
percentage point reduction in dying from dementia
among women who were vaccinated. Mounting
evidence indicates that beyond protection from shingles,
HZ vaccination can meaningfully prevent and protect
against dementia, which is becoming a growing burden
in aging populations (Eyting et al. 2025; Polisky et al.
2025; Xie et al. 2025).

5.3 Limitations

There are several limitations to our modeling approach
and analysis of the economic value of adult vaccination.

Disease burden data for the diseases amenable to

adult vaccination that we include here—influenza,
pneumococcal disease, RSV, HZ, and COVID-19—suffer
from incompleteness and quality issues. Many countries
do not publicly report burden data for our antigens

of interest, and the severity of diseases like seasonal
influenza can vary widely from year to year. Increased
surveillance and better reporting are needed.
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Disease burden is also impacted by vaccine coverage.
Thus, if a country has a low disease burden due to a
robust vaccination program, the NNV may be high, and
indicate that a vaccination program is not cost-effective,
when in fact, the success of the program is what is
driving a high NNV. Because most countries still have
low adult vaccination rates, this is not yet a significant
confounder.

Data on vaccine prices and the cost of adult
immunization are limited across nearly all income
groups and regions. This is especially true for vaccines
like RSV and HZ in LICs and LMICs since only small
quantities of these vaccines have been purchased and
used in these markets. Unlike childhood vaccines, there
is no established public sector price nor is there a price
obtained by Gavi/UNICEF or PAHO.

While the cost of immunizing children has been closely
studied (Vaughn et al. 2019), we do not have systematic
information on the costs of delivering adult vaccines in
the different country groupings. More work is needed to
document adult vaccine prices globally and to estimate
the costs of adult vaccine delivery.

We assumed that vaccine effectiveness was the same
for all adults, regardless of age. We made this simplified
assumption due to a general lack of data on vaccine

effectiveness against death for different adult age groups.

A future analysis might re-assess the younger adult age
group (20-64) with a differentiated vaccine effectiveness.
However, given the lower disease burden for the
younger age group, a higher vaccine effectiveness on its
own is unlikely to change our conclusion about cost-
effectiveness.

We quantified the economic benefits of adult vaccination
by focusing on each vaccine's ability to reduce mortality,
and we valued the lives saved or healthy life years gained
using a VSL approach. We acknowledge that disability
averted may be important for some adult vaccines, such
as Hz, and more work is needed to quantify these non-
fatal outcomes.

It is important to note that our NNV calculations do

not account for the potential transmission-blocking
(indirect) benefits of vaccination. For antigens where
indirect effects are substantial-most notably influenza—
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NNV may in fact be lower due to protection of the
unvaccinated by the vaccinated population, which, in
turn would raise the BCR. Due to drivers of transmission
like age-specific contact rates, the magnitude of these
indirect effects is expected to vary across age groups:
vaccinating younger populations may provide greater
protection to the unvaccinated elderly than the reverse
(vaccinated elderly may have a smaller impact on the
unvaccinated younger population). Evidence for such
indirect benefits is strongest for influenza, although
highly variable across studies, with some suggesting the
indirect benefits exceed the cases and deaths averted by
direct vaccination (Charu et al. 2011; Arinaminpathy et
al. 2017). These effects are less understood for the other
vaccines.

Though VSLs are well established and widely used for
making resource allocation decisions in countries around
the world, we recognize that some may raise technical or
ethical concerns about this approach. The OECD is about
to update its earlier estimates of VSLs for many countries,
and the new values may be different from the ones we
have used here from 2012 (OECD 2012).

Our estimates of the economic value of adult vaccination
do not account for improvements in labor productivity,
increased time spent by elderly persons performing
household chores or unpaid volunteer services,
reductions in health care spending from avoided
hospitalization, or health care sector resources freed.
However, our use of VSLs captures most of the economic
value of the adult vaccines that we modeled.

While this paper helps to elucidate the economic
attractiveness of routine adult vaccination, countries
may wish to supplement their assessments with other
economic evaluation methods, such as examining costs
per DALY/QALY gained, the key metric used by many
Health Technology Assessment agencies.

Countries must also weigh other important factors

when making vaccination policy decisions, including
affordability, vaccine hesitancy and demand, provider
capacity, patient knowledge, and the strength of delivery
infrastructure. Economic value is only one of many key
variables to consider when making evidence-based policy
decisions for adopting and financing adult vaccination
programs.
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APPENDIXA.
KEY VALUES FOR WORLD BANK COUNTRY INCOME GROUPS

Country Total Life expectancy at Per capita GNI, VSL (as
group population, indicated age, 2018 2023 multiple of
2018 Birth 50 70 80 uss Is PGPl

(billions) GNI)

Low- 74 63 25 n 6 760 2400 33

income

Lower- 3.1 68 26 12 7 2500 0200 64

middle

income

Upper- 2.8 76 30 14 8 11,000 23,000 100

middle

income

High 1.4 81 33 17 10 48,000 63,000 170

income

SOURCE: Calculated from data in World Population Prospects 2024 (UNDP, 2024); (World Bank, 2024)

NOTES:
1. 50 is chosen as the representative age of death for the age group 20-64; 70 for the age group 65-74; and 8o for the age group 75+.

2. The ratio of VSL to income is calculated using the Harvard BCA Reference case (Harvard, 2019) preferred base case assumption for extrapolation of VSL to
different income levels of countries. The starting reference is VSL/y = 160 for the United States where y is per capita GNI international dollars (1$) with the value
of y for the United States of $57,900. Extrapolation is done with an income elasticity of VSL of 1.5 We summarize this extrapolation with the formula VSL/y =
.665Vy. For our sensitivity analysis we use a range from 2/3 of this calculated value to 1.5 times the calculated value.
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APPENDIX B.
VACCINE EFFECTIVENESS

It is useful to think in terms of five different concepts of vaccine effectiveness.
e, = effectiveness in preventing an individual from becoming infected.
ii. e, = effectiveness in prevention of severe disease or death in an individual who has become infected.
iii. e, = effectiveness in reducing infectiousness of an individual who has become infected.
iv.  E, = overall effectiveness in preventing death.
v. E, = overall effectiveness in preventing transmission.

Much of the vaccine effectiveness literature reports values for E, and E,. Both dynamic (SIR) and static models (such
as discussed here) of vaccination program impact utilize the different, but related, concepts of e, e,, and e, Hence, it is
important to clarify the relations among these concepts.

Avaccine can prevent a death either by reducing the probability of infection in the first place (e,) OR by reducing the
probability of progression to death after infection (e,) OR both. Similarly for transmission. E, thus depends on e and e, and
E, depends on e and e, Thus, two equations link these five concepts of vaccine effectiveness. To derive these equations, we
need to introduce simple descriptive parameters for a pandemic:

i = probability of being infected in the course of a pandemic [some integral of i(t)], the instantaneous probability of
infection as a function of time;

d = probability of dying during a pandemic [some integral of d(t)];
kk = probability that an infection causes death, conditional on being infected (infection fatality rate or case fatality rate);

m = expected number of individuals that an individual will infect, conditional on being infected [some function, m(t)];
and

n = expected overall number of individuals that will be infected by a randomly chosen member of the population.
Without vaccines, the probability of dying in the course of the pandemic is, then:
d =ik
(This assumes that surviving infection confers immunity.)

If a vaccine has effectiveness (e) against some pandemic parameter (0 < e < 1) then it will reduce that parameter by a factor
f=1-e. Therefore:

i, =(0-e)i,
k,=(1-e)k,
m, = (1-e)m,

where the v subscript denotes past vaccination.
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The probability of dying during the pandemic in a vaccinated world is then:
d, =ik,
d, = (1-e)i(1-e,)k
= (1-e)(1-e,)d.

Since d, is reduced from d by the factor f=(1-e)(1-e,), then the vaccine’s overall
effectiveness against death is 1-f:E, = 1-(1-e )(1-e2).

Likewise, the expected number of infections that an individual will cause during a pandemic is:
n=im.

Note that while i(t) and m(t), the instantaneous rates of infection and infectiousness, may exceed 1, the values of i and m, the
total numbers over the course of the pandemic, must be less than or equal to 1. Hence n < 1.

Similar to the calculation for vaccine effectiveness against overall probability of death, we have overall effectiveness of a
vaccine against transmission given by:

E =1-(-e)(-e).

Equation (1) plots overall vaccine effectiveness against death. The figure shows, for selected values of E, the combinations of
values of e and e, that will lead to the indicated values of E,. The point denoted A in figure 1, for example, shows 50% overall
effectiveness against death resulting from zero effectiveness against transmission and 50% effectiveness against death given
infection. Point B likewise shows 50% overall effectiveness against death but with this resulting from 50% effectiveness
against infection and o effectiveness against progression to death. Point C in the figure shows a plausible depiction of the
effectiveness of intramuscular vaccines against seasonal influenza. At point C overall effectiveness against death, E, is
somewhat less than 50% and results from a very modest effectiveness against infection and a more substantial effectiveness
against progress to death given infection.

Figure A1.1 would show overall effectiveness against transmission by everywhere replacing E, with E and e, with e,.

Clearly one could define vaccine effectiveness into more categories than in this appendix, e.g. by separately examining mild,
moderate, and severe disease or by separating severe disease from death. Sometimes the literature on evaluations of specific
vaccine effectiveness report effectiveness against mild or moderate disease. Halloran (2010) discusses nine concepts of
vaccine effectiveness that deal with some of the severity gradations that are aggregated here.

For each of our three headline metrics (NNV, CDA, and BCR), we use isoquant graphs to compare results across different
dimensions of analysis. These isoquant graphs also allow other analysts and national decision-makers to substitute their
own parameter values if they have alternatives to ours, especially where they may have country-specific data that are
more relevant than the data we were able to use from global studies and databases (see Section 3.3). Each graph includes
rectangles that represent sensitivity intervals around our estimates. The width and height of each rectangle is associated
with a sensitivity assessment for the key input parameters.

In the case of NNV, for example, the width of the rectangle represents variation studied in mortality rate and the height
represents variation in vaccine effectiveness (for an example, see supplementary figure F1.1).
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FIGURE B1.1

Overall vaccine effectiveness in preventing death, E,
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NOTE: E, is the overall vaccine effectiveness in preventing death; e, is vaccine effectiveness in preventing infection; e, is vaccine effectiveness in
preventing progression to death in an infected individual.
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APPENDIX C.
DISEASE BURDEN RATES

TABLE C1.1

Mortality rates by antigen, age group, and income group

Death rate per 105 population per year, 2018

Seasonal influenza Pneumococcal disease RSV Herpes zoster

LICs

20-64 3.2 6.6 17 13

65-74 42 59 1.4 12

75+ 160 180 4.3 10
LMICs

20-64 23 4.7 15 .072

65-74 26 37 11 .64

75+ 120 140 4.0 6.0
UMICs

20-64 15 3.1 14 .028

65-74 14 20 8 21

75+ 80 91 3.8 2.2
HICs

20-64 .89 15 .096 013

65-74 8.9 8.9 .58 10

75+ 73 57 42 14

SOURCE: IHME, GBD 2021

In addition to mortality rate, we calculated results for cases and DALYs. The population rates by age and income group are
presented in Table C1.2.
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TABLE C1.2

Cases and DALYs by age group and income group

Herpes zoster

Case rate per 105 population per year, 2018 DALYs per 105 population per year, 2018

LICs

20-64 44 5.5

65-74 120 19

75+ 160 67
LMICs

20-64 48 4.5

65-74 130 15

75+ 170 51
UMICs

20-64 47 33

65-74 120 8.9

75+ 150 24
HICs

20-64 55 34

65-74 130 83

75+ 170 21

SOURCE: IHME, GBD 2021
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APPENDIX D.

VACCINE DOSE COSTS

TABLE D1.1

Vaccine dose costs

Income Group COVID-19 Seasonal Pneumococcal Herpes zoster RSV
influenza

Low income $7.00 $1.70 $49 $100 $89

Lower-middle income $7.30 $2.80 $51 $110 $93

Upper-middle income $7.80 $3.40 $54 $110 $99

High income $17 $4.20 $120 $250 $220

SOURCE: From the MI4A vaccine purchasing database for 2024 (WHO, 2024).

NOTE: The database does not include vaccine purchases for all country income groups for all vaccines. Where there are missing data, we used COVID-19 to
establish a benchmark ratio between high income group costs and costs for other income groups. We use this ratio to fill in gaps. The resulting calculations are

distinguished by italics.

To create sensitivity intervals, we varied the dose price in HICs and UMICs by 20%. In LICs and LMICs where organizations
such as GAVI have helped to significantly lower dose costs, in some cases by more than 95% (GAVI, 2010), we calculate the
low end of our sensitivity range as a 90% decrease in our dose price estimate for LICs and LMICs and keep the high end as a

20% increase.

The following vaccines are selected from the MI4A database: "“COVID-19", “influenza trivalent inactivated vaccine”, "PCV20",

“RSV”, “Shingles”.
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