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Methodological issues and new 
developments in the economic 
evaluation of vaccines
Philippe Beutels†, Eddy Van Doorslaer, Pierre Van Damme and Jane Hall 
The application of economic evaluation in healthcare, including vaccination programs, has 
increased exponentially since the 1980s. There are a number of aspects of economic 
evaluation of vaccine programs that present particular challenges to the analyst. These 
include the development of the appropriate epidemiological models from which to estimate 
the costs and benefits; the accurate prediction of uptake rates; the incorporation of quality 
adjusted survival gains; and the inclusion of intangible but nonetheless important benefits and 
costs associated with infectious disease and vaccination. The estimation of marginal 
intervention costs presents specific difficulties, especially for multivalent vaccines and valuing 
costs and benefits over time is heavily influenced by the choice of discount rate, which is still a 
controversial topic. Developments in the next 5years are likely to address all of these issues 
and result in more sophisticated and accurate models of vaccination programs.
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The application of economic evaluation in
healthcare has increased exponentially since the
1980s. Although the foundations of this were
established in the 1960s, pressure on govern-
ment budgets and the emergence of more and
more sophisticated medical technology have
encouraged the planners, funders and providers
of healthcare to adopt this systematic approach
to ensuring value for healthcare expenditure.
This is as true in the economic evaluation of
vaccination programs (EEVP) as in other parts
of the health budget, even though economic
evaluation has not been a mandatory compo-
nent of vaccine introduction as it is has in some
countries for new pharmaceuticals [1].

As economic evaluation has become more
widely accepted by policymakers, there have
been developments in the underlying theory
and methods, particularly in the conduct of
economic evaluations alongside clinical trials.
There are, however, a number of aspects of
EEVPs that present particular challenges to the
analyst, as outlined in a recent consensus state-
ment from a group of health economists with
experience in EEVP [2]. A much more detailed
account of these key issues is available [3].
These are the focus of this paper.

The essence of any economic evaluation is
the comparison of benefits and costs. For
vaccination programs, immediate benefits in
terms of reduced risks of infection and fewer
cases, will occur throughout the population
and may give rise to complex indirect
effects. Consequently, accurate estimates of
benefits require the modeling of the under-
lying infection process and thus the type of
epidemiological model used is critical. The
estimation of quality adjusted life years
(QALYs), requires the use of a quality
adjustment as well as the estimation of sur-
vival gains. Although the use of QALYs as
the benefit measure is not widely established
in EEVPs, this is important for any program
targeting infections with long lasting com-
plications. While QALYs are a more sensi-
tive measure than life years gained, there is
increasing concern as to whether they
encompass all the benefits of vaccination
which are important to and valued by con-
sumers. Therefore, there is renewed interest
in other measures of benefit, particularly in
willingness to pay for vaccination programs.

In EEVPs, the intervention costs often have
a great impact on the cost-effectiveness for
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two reasons, the incremental cost of the new vaccine and the
timing. The incremental cost depends on both the cost of the
vaccine and the cost of its administration, which in turn
depends on how well it fits into any existing program. Vaccina-
tion costs occur in the present while the prevention of disease
and any offsetting costs of treatment arise in the future. Hence
the choice of discount rate can be highly influential. The
uptake rate of the vaccination program is not only critical to
estimating the costs of the program but also crucial in
accurately modeling the effects of the program.

The next section provides a brief overview of published
EEVPs. The paper then discusses each of the above issues in turn.

Literature overview
The annual number of publications of economic evaluations
is shown in FIGURE 1 (SEE BOX 1 FOR SEARCH STRATEGY). Economic
evaluation in general (solid line), economic evaluation in
healthcare (dashed line) and economic evaluation of vac-
cines (bars) all increased. Restricting the focus to Web of
Science (as compared with PubMed, it excludes newsletters
and additional popular medical journals not listed in the
Citation Indices but contains scientific economic journals)
and to articles on vaccination in humans published in the
last 10 years (1993–2002), yields 200 analyses. FIGURE 2

shows the biannual distribution of these remaining papers
according to the specific pathogen studied. These results are
subject to publication bias, related to both wealth and lan-
guage, exclude many peer-reviewed non-English publica-
tions and do not encompass the gray literature i.e., reports
for ministries of health and national health councils, as well
as reports from institutions such as World Health Organiza-
tion, World Bank, UNICEF and MSF. Pharmaceutical com-
panies also perform in house EEVPs focusing on feasibility
and marketing potential, in various stages of vaccine devel-
opment. Nonetheless, our search provides some indication
of the distribution of analytic effort.

Most EEVPs were set in wealthy countries. The high fre-
quency of research on some vaccine-preventable diseases
[FIGURE 2] is partly due to the existence of multiple target groups
(e.g., travelers, healthcare workers, children and military

personnel for hepatitis A (HAV) and multiple vaccines (e.g.,
pneumococcal polysaccharide [PSV] and the new pneumococ-
cal conjugate vaccine [PCV]), demanding separate analyses in
different settings. What these vaccines also have in common is
that they are expensive compared with most other widely used
vaccines and that they are (were) mainly targeted at ‘low pro-
file’ pathogens. In wealthy countries they mainly affected many
elderly patients in the short run (PSV, influenza), few adults in
the short run (HAV, varicella-zoster [VZV]), few to many
adults in the long run (hepatitis B [HBV]), or generally mild
disease in most children (VZV). Furthermore, the population
effectiveness of some of these vaccines (particularly PSV and
VZV) has been, and still is, under debate. Due to the multi-
tude of studies on these vaccines, comprehensive reviews can
help understand the many specific clinical and analytical prob-
lems involved and may offer guidance to decision makers. Such
recent reviews are available for each of these much-evaluated
vaccines [4–8].

In contrast, during the same period, decisions with a very
large budget-impact were taken concerning Haemophilus
influenzae type b (Hib) and Meningococcal C (MenC) vacci-
nation in several wealthy countries, with a total of only nine
and three published evaluations, respectively. The total dis-
ease burden from either Hib or MenC is not likely to exceed
that of some of the above pathogens in many settings. Public
support for these programs may be due to the fact that they
prevent rare but severe disease in children, the publicity given
to a few cases with severe and even fatal consequences (a var-
iant on the so-called rule of rescue [9]), or concern at a new
public health threat.

The search identified very few EEVPs for developing coun-
tries, partly due to publication bias but also because of the
limited marketability of vaccines in these countries. This is
reflected, for instance, by the few evaluations on diseases
which have never been – or are no longer – a public health
threat in industrialized countries (FIGURE 2, TABLE 1).

It seems that economic evaluation is not yet a standard ingre-
dient of the appraisal process of new vaccine programs, even in
industrialized countries. But it is more likely to be employed to
add support for programs that lack popular appeal.

The choice of epidemiological model
EEVPs are, by necessity, usually based on modeling. In most
models, the population is made to flow between mutually exclu-
sive compartments of susceptible, infected (and infectious) and
immune people according to functions of discrete time (t = 0, 1,
2,…) or differentiable functions of continuous time (t ≥ 0)
[10,11]. This approach is deterministic if there is no random-
ness in the calculations, implying those rates of flow between
compartments are based on population averages. In reality,
individuals come in whole entities (and cannot be averaged
out to fractions) and the spread of an infection can be
regarded as a random process. It can be assumed that this
process can be simulated adequately with average rates (i.e., in
a deterministic model) if the population at risk is large and

A search was conducted using both PubMed (i.e., Medline)
and Web of Science (limiting to the Scientific Citation Index
Expanded and the Social Science Citation Index) using the
combined search string (cost OR costs OR benefits OR cost-
effectiveness OR cost–benefit OR cost-utility OR economic* 
evaluation*) AND (vaccine* OR immunisation OR immunization 
NOT animal) for the title only, both with and without the under-
lined part. This yields the results in Figure 1 (limited to the 
period 1980–2002). The search for vaccine-related papers 
yields more results in PubMed than in Web of Science as the 
former also contains newsletters and additional popular medical
journals that are not listed in the Citation Indices.

Box 1. Explanation of web-based search strategies used.
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the infection is not close to elimination. However, for small
populations (e.g., family size, small islands), stochastic models
are better suited because they introduce the randomness asso-
ciated with disease transmission [12]. Indeed, in a population
where infectious and susceptible individuals mix, some sus-
ceptible persons will be infected while other susceptible per-
sons will not. While we may know that on average in the long
run, say 50% of such contacts lead to successful disease trans-
mission, it may be that purely by chance, particular contacts
do not lead to transmission. Events such as this could have
far-reaching consequences in small populations or when virus
transmission has become generally rare (as for diseases close to
elimination). To our knowledge, EEVPs in humans have
always been carried out with deterministic models, which
seems acceptable in view of the relatively large populations
involved (and the fewer data requirements).

Static & dynamic models
A further important distinction can be made between so-
called ‘static’ and ‘dynamic’ models. In a dynamic model, the
force of infection (the probability that a susceptible person
acquires infection per unit of time) can change with time. As
subsequent cohorts are vaccinated, the proportion of infec-
tious people in the total population decreases. Consequently,
the force of infection acting on those remaining susceptible
declines as well. A dynamic model takes this into account by
cyclically recalculating the force of infection. In a static
model, the force of infection stays constant (i.e., the force of
infection is assumed to be independent of
the proportion of infectious people in the
population). Parameters in static models
are thus only age-dependent and not
time-dependent, as in dynamic models.
Static models usually calculate costs and
effects for a single aging cohort. However,
in reality, routine vaccination programs
are meant to continue indefinitely,
impacting on consecutive cohorts. Thus,
over time, the risk of infection changes.
Once herd immunity (i.e., the indirect
protection of susceptible persons in a
largely vaccinated population) is
achieved, vaccination will more than pro-
portionally reduce the incidence of infec-
tion, increase the average age at infection
and increase the length of the inter-epi-
demic period. Vaccination scenarios that
ignore herd immunity effects therefore,
will tend to overestimate the residual
incidence and underestimate the age at
infection of residual cases, as well as the
inter-epidemic period.

To date, the overwhelming majority of
economic evaluations has been based on
static models. The first full EEVP to use a

dynamic model was published by Lieu and colleagues [13] in
1994, based on a model developed by Halloran and colleagues
[14]. Edmunds and colleagues investigated the impact for a
hypothetical airborne infection, by comparing a static cohort
model with an age-independent dynamic population model [15].

They found the differences in results to be greatest at moderate-
to-high immunization levels and lowest at the extremes (effec-
tive immunization of 0 and 100%). Results were also more
similar for higher basic reproduction numbers (i.e., the number
of secondary infections caused by one initial infection in a
totally susceptible population). A recent overview of these
issues is provided elsewhere [45].

Dynamic models include a future stream of costs, i.e., the
vaccination of new cohorts as well as benefits, and may there-
fore be more sensitive to discounting. The combined effect of
both discounting and the multiple cohort set-up may be to
make particular population and single cohort models yield sim-
ilar results. Clearly, quantitative comparisons between static
and dynamic models for specific infections and vaccination
strategies constitute an important unexplored research topic.

When static models can be appropriate
Static models seem a priori suited to evaluate changes in vac-
cination coverage if herd immunity does not play an impor-
tant role (i.e., when the additional effectiveness per additional
vaccinee is constant). One particular example is an interven-
tion targeted at a particular risk group which is not a core
transmitter group of the pathogen. Immunizing such groups
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will not cause intertemporal differences in the transmission of
the virus to the groups in question (apart from usually block-
ing transmission if vaccinated), or in the population as a
whole, provided that the number of vaccinees remains rela-
tively small compared with the total population size. Exam-
ples of the sort of vaccination programs that fall into this cat-
egory are HAV vaccination of travelers to high endemic areas,
influenza and pneumococcal vaccination programs targeted at
the elderly or VZV vaccination of (susceptible) pre-adoles-
cents or healthcare workers. Another example is where vacci-
nation against an infection will not induce herd immunity,
simply because the transmission of the infectious agent does
not depend on the presence of infectious humans. Examples
of these include tetanus and rabies.

In other applications, ignoring herd immunity will have
some effect on the estimated cost-effectiveness of the pro-
gram. For diseases that are more benign the older the age at
infection (or indeed the severity of which is independent of
the age at infection), ignoring herd immunity will underesti-
mate the benefits of widespread vaccination. Indeed, such a
program would more than proportionally reduce the inci-
dence of infection and shift the average age at infection to
ages at which the disease is less (or equally) severe. Examples
of such programs include childhood pertussis vaccination,
universal HBV vaccination and universal Hib vaccination.
When the evaluation of such vaccination programs yields
favorable results, the analyst can assume that it will be even
more favorable in reality. Hence, the associated simplifica-
tion will not have changed the recommended decision.
However, if the results are moderately unfavorable, the
information provided by the analysis will only be of limited
value to the decision-maker.

When static models are inappropriate
Some infections, however, cause more severe disease the
older the age at infection. Hence it is important to assess
whether the net effect of herd immunity is positive or nega-
tive. In the extreme case, at intermediate levels of vaccina-
tion coverage, vaccination programs could, for some diseases,
cause more harm than good. Examples of these include
childhood VZV and rubella vaccination. Clearly, before such
programs are initiated it is vital to have a reliable estimate of
future vaccination uptake, an issue we consider in more
detail below. The use of static models to evaluate these pro-
grams can only be justified if a sufficiently high level of vac-
cination coverage can be attained during the firs tyear of the
program and can be maintained at such high levels (new vac-
cination programs that are most likely to meet this require-
ment are those that are introduced immediately as an extra
antigen in a combined vaccine, so that no additional injec-
tions are required and the coverage of other important vacci-
nation programs is not endangered (e.g., the addition of
varicella to the measles–mumps–rubella vaccine). At high
vaccination coverage, the shift in the average age at infection
would still occur but the number of cases would decrease in

all age groups, including the older age groups. This means
that the shift in the age at infection would not cause a greater
burden of disease, even in the age groups that are at risk of
more severe disease if infected. Immunity due to natural
infection would then simply be replaced by vaccine-induced
immunity in newly introduced susceptible persons. If, in a
static model, vaccine protection is assumed to be of limited
duration (or waning with time), a shift in the age at infection
will also be generated by the model. However, it will not
capture the complete shift observed in reality or produced by
dynamic modeling. The informative value of the analysis
would be very limited if results turn out to be moderately
favorable (or moderately unfavorable) and, if instantaneously
high vaccination coverage cannot be assumed, a dynamic
model would be necessary to make a relevant analysis.

Dynamic models are also necessary to analyze programs
targeted at core transmitter groups of a virus. Immunizing
such groups would have complex nonproportional effects on
the propagation of the virus in the population. Vaccination
of a limited number of targeted people could then have a
substantial impact on the epidemiology of infection, which
cannot be described by static models. Examples of such inter-
ventions include targeted vaccination against blood–borne
and sexually transmitted diseases of intravenous drug users
and people with high sexual partner change in areas where
the main routes of transmission are needle sharing and sexual
intercourse (e.g., HIV and hepatitis B).

Cohort models are likely to be most accurate for the first cohort
to be vaccinated and less and less so for further cohorts. This
implies that, even more than for dynamic models, repeated eco-
nomic evaluations are required as the epidemiological (and eco-
nomic) parameters change after a program is implemented. Cur-
rently, there is very little attention being paid to such kind of
analyses, as the tendency is to take a decision and not look back.

No model at all?
Empirical studies analyzing the costs and effects associated
with important changes in vaccination policy would be very
helpful in validating earlier predictions of modeling studies.
To our knowledge such studies are currently lacking. A
problem in a post hoc analysis is that it may not be clear
which costs (for instance vaccination costs from
1996–1999) can be attributed to which benefits (reduced
number of cases from 1996–1999?). Empirical cost studies
alongside vaccine trials are slightly less rare. Their main dis-
advantage is that they are confined to the trial in terms of
participants and duration. For many vaccines, this approach
would provide very interesting, though insufficient informa-
tion, as a trial does not capture all the costs and effects vacci-
nation would have in the real world, particularly those that
occur beyond the duration of the trial. Furthermore, it is
unlikely that all options are explored in a trial and a trial-
analysis takes more money and time than a model-based
analysis would. Cost studies alongside vaccine trials have
been published for PCV7 [16] and PSV [17] vaccination.
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New developments in modeling
A current problem with dynamic models is that they have to
rely on some core estimate expressing how a particular patho-
gen is transmitted in the population, based on the pathogen’s

characteristics (infectivity) and the population characteristics
(receptiveness and social behavior). This estimate is typically
formulated as a matrix that expresses which subgroups (usually
based on age) acquire infection from which other subgroups.

Figure 2. Average biannual number of publications related to economic evaluation of specific vaccines identified by searching We b of Science 
(1993-2002). Total number of publications per disease given on top of bars.
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Until now these ‘Who Acquires Infection From Whom’
(WAIFW) matrices were usually (particularly for infections that
can spread in a nonsexual way) based on epidemiological data
only (albeit combined with intuition and common sense).
Essentially this implied that some structure was imposed on the
matrix, without knowledge of its validity. Important future
research would document social contact patterns (based on sur-
veys) to inform this. In other words, the ‘who mixes with
whom’ and ‘who lives with whom’ information could be used as
a Bayesian prior to reduce arbitrariness in the estimate of the
WAIFW matrix. There are only a few (pilot) studies that have
attempted to document social mixing patterns related to the
spread of infectious disease [18].

One of the most important parameters in infectious disease
modeling is the force of infection. Another recent development
is the application of flexible statistical and mathematical models
to estimate the force of infection from prevalence and incidence
data [19,20]. Further advances in statistical methods can be
expected to improve the estimates of the force of infection and
the WAIFW matrix.

Some of the most recent vaccines have including the expen-
sive intranasal influenza (ca. US 40–50 per dose) and pneumo-
coccal conjugate vaccine (ca. US$30–40 per dose) present par-
ticular challenges for epidemiological modeling. Widespread
use of these vaccines is likely to exhibit complex indirect effects,
impacting on herd immunity, antimicrobial resistance and cir-
culating serotypes (whereby vaccine serotypes are replaced by
nonvaccine serotypes (‘serotype replacement’), vaccine sero-
types may offer indirect protection against nonvaccine sero-
types (‘cross-reactivity’) and the vaccine impact on disease bur-
den may vary with time). Taking account of all these factors
would require very large studies to gather data, some of which
may only be collected after vaccination actually starts.

In future, dynamic modeling should become the standard for
EEVP. In a dynamic model, even more than in a static model,
the predicted effectiveness and cost-effectiveness of the program
may be highly dependent on vaccination coverage (cost-effec-
tiveness and cost–benefit ratios obtained through a static model
are generally independent of assumed coverage [6]). Predicting
vaccination coverage accurately is therefore important for
EEVP, as well as for vaccine policy making in general. For some
programs, good data on participation rates exist but for new
vaccines this is not the case and in many countries existing pro-
grams may not offer a sufficient basis for predicting the uptake
of new vaccines. Furthermore, in existing immunization pro-
grams, changes to program structure or incentives can lead to
changes in uptake. Understanding this will allow policymakers
to design programs so as to optimize immunization rates.

Estimating & valuing health outcomes
Deaths prevented & life-years gained
Estimates of age and time of deaths are usually generated by
modeling (through case-fatality ratios from empirical data).
In order to estimate the loss of life-years from mortality data,
life-expectancy by age must be known. For a number of

infections, some people are at a greater risk of severe disease
and mortality than others because of their overall health sta-
tus (e.g., pneumococcal and influenza infections in the eld-
erly). People dying from these diseases are generally in poorer
health than average and would also have a lower life-expect-
ancy than average, at a given age. Failing to take the disease-
specific aspects of life-expectancy into account may thus lead
to overestimates of the benefits of the program.

On the other hand, long-term projections of life-expect-
ancy may be inaccurate because current overall mortality
data are used to estimate the life-expectancy of people in the
future, while life-expectancy is increasing with time. For
instance, in western Europe the average life-expectancy at
birth was about 40 years at the beginning of the 20th cen-
tury and about 75 years at the end of it. Therefore, it seems
that the benefits of interventions with long-term effective-
ness may be systematically underestimated in this respect.
One solution could be to apply a growth rate to the current
estimates of life-expectancy but at present it seems very
speculative to determine such a growth rate.

Quality-adjusted life-years gained
Quality-adjusted life-years (QALYs) are the most widely used
outcome measures that combine morbidity with mortality [21].

A change in the quality of life due to an intervention can
generally be written as:

∆QALY = L·∆q + q·∆L

The first term refers to quality of life variation (∆q)
during years that would have been lived without the interven-
tion (L) and is an expression of pure quality of life improve-
ment. The second term refers to the quality of life during years
gained by the intervention (∆L) and is therefore only relevant
for life-saving interventions. The impact on the quality of life
may be very important for some (i.e., many interventions are
not life-saving and only have an impact on the quality of life),
while it could be negligible for other interventions (i.e., inter-
ventions that predominantly extend the duration of life and
not the quality of life). Most vaccination programs seem to fall
within the latter category. They predominantly extend life and
often may only to a lesser degree have an impact on the quality
of life, for a short period of time. For many vaccine-preventa-
ble childhood infections, the morbidity following natural
infection is relatively short lived (i.e., days, weeks) and results
in either recovery or death. Hence most of the health gain is
obtained through the avoidance of mortality and the associ-
ated extension of life (i.e., years, decades). However, quality
gains form an important benefit for vaccination programs
aimed at infections leading frequently to long-lasting compli-
cations. In contrast, EEVPs of programs targeted at people
who already have a substantially reduced quality of life at the
time of the intervention (many therapeutic interventions but
also vaccination programs aimed at the elderly [such as influ-
enza and pneumococcal vaccination]) will overestimate the
health gains if quality of life aspects are ignored.
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Conceptual and methodological problems as well as the
considerable work and costs required for a proper job, often
lead analysts to ignore quality of life aspects. In a review of
EEVPs conducted in April 2001, only 19 such studies were
found [3]. Eight of these were on pneumococcal vaccination
(of which five papers were from the same study but spread
out over multiple papers by two groups of authors), three on
hepatitis A vaccination (a rarely fatal disease), three on Hib
(a relatively rare infection with great potential impact on
quality of life) and five more on various infections which can
have an important impact on quality of life (Neisseria menin-
gitidis meningitis, HIV, respiratory syncytial virus, Lyme dis-
ease and varicella in adults). The earliest of these
publications appeared in 1995 [3]. 

Beyond QALYs
However, there are situations where QALYs or other health
status measures do not capture all benefits that may be rele-
vant to consumers [22]. Cost-effectiveness and cost-utility
analyses, in which health gains are typically expressed in
these terms, may then not provide sufficient information for
priority setting. In the case of immunization, individuals
may value peace of mind from knowing they (or their chil-
dren) have a reduced risk of illness. For instance, the anxiety
caused by epidemic cycles of polio and more recently, anxiety
related to meningococcal infections and SARS in industrial-
ized countries, and HIV and sleeping sickness in developing
countries illustrate this point. Consumers may also value the
avoidance of the disruption to normal daily life, including
time away from work caused by illness or caring for a sick
child. Negative effects may occur due to the vaccination pro-
gram itself. Individuals may be anxious about the outcome of
vaccination due to the chance of adverse events, which may
in some cases be severe. Since all potential vaccinees (and/or
their parents) may incur such ‘anxiety costs’, the sum of all
these costs may be substantial for some programs (particu-
larly when there is rumor about alleged adverse events, as for
instance currently in the UK with MMR). These various
aspects (sometimes described as intangible costs and benefits)
can be taken into account by using cost–benefit analysis, in
which all health gains are valued in monetary terms.

Therefore, there is an increasing interest in the develop-
ment of willingness-to-pay measures to value the outcomes of
an intervention. In a study in North California, 1657 parents
who had their 1 to 8 month old infant vaccinated during the
previous 14 days were asked for their willingness to pay
(WTP [i.e., stated and revealed preference methods]) for
reducing the number of childhood injections per visit. The
median WTP was $25 for a reduction in the number of injec-
tions from 4 to 3, or from 3 to 2, whereas it was $50 for a
reduction from 2 to 1. Parents whose child showed clinical
adverse events indicated that the median WTP to avoid these
would be $50. The very wide range for each of these estimates
(minimally $0–1000) may indicate that people have different
perceptions of the risks involved, have different attitudes

towards risk and generally have difficulty in quantifying their
hypothetical WTP. Nonetheless the median value exceeded
the average estimated costs of adverse events ($7.7 per vacci-
nated child, including work loss to the parents (53%) in the
total study population [23]. Therefore, it seems that the intan-
gible costs of a vaccination program may not be negligible.
Clearly, more studies are needed to substantiate these results
and to determine whether WTP methods can appropriately
measure these costs. However, it remains questionable
whether healthy persons, who typically answer WTP ques-
tions, can imagine what it is like to be in various states of ill-
health; or whether persons not used to paying the full costs of
healthcare will provide accurate estimates of benefit [24,25].

Discrete choice experiments to understand
consumer preferences
The assessment of a monetary value for the benefits of vacci-
nation is part of the broader topic of understanding consumer
preferences. This can be addressed by means of discrete choice
experiments (DCEs). There are two components to DCEs,
the use of experiments to generate a data set on preferences
for health programs and the use of discrete choice analysis to
model these preferences. The approach was developed in
transport economics [26] and marketing [27], has been adopted
in environmental economics [28] and more recently in health
economics [29]. More detail on theory and methods can be
found in Louviere and colleagues [30]. The underlying
assumption is that individuals will choose, from among the
available options, the one that is best for them, i.e., the one
that maximizes their utility. Furthermore, any product, or in
this case, immunization program, can be described in terms of
its attributes or characteristics. In the case of vaccines, such
attributes might include the severity of the disease in ques-
tion, the side effects from immunization, whether it requires a
separate injection or can be combined into a multivalent vac-
cine, whether it is available at clinics, or requires a special doc-
tor visit. The analyst can then describe a number of proposed
programs in terms of the levels of these different attributes.
The experiment presents respondents with a number of hypo-
thetical choices described in this way. In choosing their pre-
ferred option, individuals will make trade-offs across the levels
of the different attributes, so as to maximize their utility given
each choice set. In the case of vaccination, the resultant mod-
els can provide an estimate of the probability that individuals
will be immunized, given the design of the program and the
attributes of the vaccine. Interpretation is not completely
straightforward as the parameter estimates are confounded
with variance of the error term; nonetheless the results can be
used to design immunization programs to optimize uptake. In
particular, where data from a discrete choice experiment can
be combined with revealed preference (market) data, it is pos-
sible to identify the differences in the scale of the parameters
that results from differences in unobserved variability between
samples [31]. Adjusting for relative scale yields parameter esti-
mates that will allow for accurate prediction of uptake. While
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this approach to forecasting demand is quite common in
other areas of economics and marketing, there are very few
examples of health program applications [32]. The models can
also be used to identify effective strategies for different groups
within the target population.

The inclusion of price as an attribute in the DCE will gen-
erate data about respondents’ tradeoffs between price and
other aspects of the program. This can be interpreted as WTP
for improvements in the vaccine and/or program design and
thus provides a money measure of the value of additional ben-
efits. Monetary valuations of benefits are required for any
cost–benefit analysis and, as noted above, there is increasing
interest in using cost–benefit analysis to encompass an appro-
priate range of benefits of healthcare and public health pro-
grams. This form of analysis has been limited in health appli-
cations because there is very limited price information for
health programs, even in systems where some consumer pay-
ments are common. There are other approaches to obtaining
WTP data, such as contingent valuation. However, there are a
number of advantages in using DCEs. First, respondents are
required to make choices and are thus forced into making
trade-offs across attributes, thus reducing the tendency to
accept the program that is offered. Second, although respond-
ents may be unfamiliar with new vaccines or program
changes, the description of options in terms of attributes can
provide information in a way that respondents can relate to
programs with which they are familiar. Third, the use of
hypothetical examples allows a range of attributes and levels
to be considered, providing a much richer set of information
about the possible policy options.

Cost estimation
Marginal intervention costs
In EEVP, the intervention costs often have a great impact on
the cost-effectiveness because they arise in the present to
prevent disease in the future (which will be scaled down by
discounting, see below). The costs of adding a particular
vaccine to the existing range of vaccines depends on how
well the schedule of the new vaccine fits in with the other
schedules, whether specific precautions need to be taken,
whether potential vaccinees need to be screened prior to vac-
cination or whether a specific target group is envisaged. For
example, the administration costs of adding varicella vacci-
nation to the existing MMR vaccination is likely to be lower
than the current average administration costs of either mea-
sles, mumps or rubella vaccination because it only requires
one extra injection at the same time as the existing injection
of MMR vaccine. The costs that are most heavily affected by
adding a new vaccine to the existing program are the varia-
ble costs of the program (e.g., time spent per vaccinee,
number of vaccines bought), whereas the influence on the
fixed intervention costs (e.g., buildings, general equipment)
is usually small, or even negligible (unless a new vaccine
requires a substantially different infrastructure in terms of
storage and transport). An example illustrating this point is

provided by Hall and colleagues who examined the immuni-
zation program in The Gambia (more recently these results
were confirmed by a similar analysis in Addis Ababa [34])
[33]. They found that the additional costs of adding hepatitis
B vaccine to the existing Expanded Program on Immuniza-
tion (EPI) vaccines (measles, polio, Bacille Calmette–Guérin
[BCG], pertussis, diphtheria, tetanus), would be 94% recur-
rent costs (of which 87% for purchasing hepatitis B vac-
cine). Nevertheless, nonrecurrent set-up costs of a new vac-
cination (consisting mainly of information campaigns of
both people in the target group and vaccine administrators)
could be substantial for some vaccines and countries (an
example for this is provided by Scuffham and colleagues for
VZV vaccination in Australia [35]). In some evaluations it
may be difficult to disentangle the part of the vaccination
costs that are related to the vaccination program under
review. For instance, the optimization of the coverage of
MMR vaccination in European countries aims in the first
place to avoid measles outbreaks in the future, in the second
place to avoid rubella infection in pregnant women and in
the third place to avoid additional cases of mumps. In an
analysis of measles vaccination in countries where MMR or
MR vaccines are most widely used, there might be problems
with the allocation of costs to individual components in the
combination vaccines. A subjective judgement may be nec-
essary to decide how the marginal vaccination costs should
be divided across the various antigens. For instance, the rea-
son for increasing coverage of MMR vaccination from 80%
to 95% in view of a measles elimination program, could be
judged to be 50% due to measles, 30% due to rubella and
20% due to mumps [36,37].

A problem of a more practical nature and only indirectly
related to economic evaluation, is for program managers to
choose one combination vaccine among the various vaccines
on offer, all with varying schedules, prices and antigens. Lin-
ear programming could be helpful in selecting the package
of vaccines that best fits the local organizational structure
and budget constraints [38]. It should be noted that these
techniques consider costs of purchase and administration,
schedule and other characteristics of the vaccination but not
the population benefits of a program and therefore cannot
serve as a substitute for economic evaluation.

Indirect costs
The terms indirect costs and productivity costs have been
used interchangeably [39]. In a more appropriately refined def-
inition, indirect costs encompass both costs of lost time
(either productive time or leisure time, or a combination of
both) and costs that are unrelated to diseases affected by the
intervention. An economic evaluation is always a partial anal-
ysis, based on a partial equilibrium. Although it is clear that
any change in economic activity (such as the investment in a
vaccination program) will cause many ripples throughout the
economy, the analyst assumes that we can artificially ‘seal off ’
an area of the economy, by postulating that all else remains
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constant. In practice, the analyst will have to find a balance
between what is theoretically correct and technically possible,
without undermining the credibility of the findings. It is
therefore not surprising that there is some disagreement on
which indirect costs to include in an economic evaluation.

Indirect cost estimates could be very influential for some
vaccination programs, particularly so for rarely fatal infec-
tions that cause the infected or their parents to incur time
costs. For instance, universal childhood VZV vaccination is
relatively cost-ineffective for the healthcare payer in terms of
preventing mortality and serious disease. However, from a
societal point of view varicella vaccination results in sub-
stantial net savings, thanks to avoided time losses of parents
and other caretakers [4]. Hence the inclusion of time losses
solely changes the decision. It is therefore unfortunate that
these costs, by lack of reliable and widely accepted method-
ologies are usually not deemed credible. In view of this,
there seems to be an important role for threshold analysis on
the cut-off value per lost unit of time (see for example Beu-
tels and colleagues [VZV] [40], and Beutels and Gay
[measles] [37]).

There is an ongoing debate about the appropriate methods
to estimate the costs of time losses, due to both morbidity
and mortality. The main contenders are the human capital,
friction cost and WTP methods. 

Indirect costs of other diseases acquired during the pro-
longed lifetime (i.e., ‘future costs’ also called unrelated costs)
are usually not taken into account because they are difficult
to estimate and because it is unclear whether it is methodo-
logically sound to include them at all [41]. Vaccination pro-
grams that are most prone to be influenced by the inclusion of
unrelated healthcare costs are those aimed at persons at increased
risk of comorbidity, such as pneumococcal and influenza vacci-
nation targeted at the elderly. For these target groups, the time
span between intervention and competing morbidity is relatively
short and therefore the current practice of omitting unrelated
healthcare costs creates an added bias in favor of these vaccina-
tion programs versus other ones (similar to the bias if gains in life
expectancy are based on average life expectancy). For illustrations
of this see Sisk and colleagues [42], and Meltzer [43]. As well as
unrelated healthcare costs, there are also unrelated non-
healthcare costs, usually considered as consumption net of
earnings which will be a net cost for the elderly but a net
contribution to the economy for young adults. When these
are included, the effect of preventing deaths in young adults
may substantially lower (i.e., improve) the cost-effectiveness
ratio [44]. When comparing cure to prevention, however, the
exclusion of unrelated costs (which is current practice)
would mostly seem to create a bias in favor of cure as those
people already sick generally have the highest immediate
additional healthcare costs. It seems therefore that current
practice of economic evaluation should be changed to take
into account future unrelated costs, if it is to inform policy
in a more consistent way. The impact this would have on
equity, however, would need to be assessed separately.

Discounting
Discounting is a technique in economic evaluation by which
future events (e.g., costs and health outcomes) are valued less
the further in the future they arise. Although there is general
agreement on the discounting of costs, the arguments for dis-
counting non-monetised health outcomes are contradictory.
Empirical evidence to date is limited to individuals’ time prefer-
ences, which in general would seem to be positive for health
(demanding a positive discount rate). However, choosing an
appropriate expression of social time preference is essentially a
normative issue that can only be resolved explicitly through
social debate or by eliciting representative social preferences.
Discounting costs without discounting benefits leads to the
paradoxical situation that any eradication program will yield
infinite benefits, implying that all resources should be spent on
research on eradicable diseases. However, the arguments for an
equal discount rate for both costs and health effects are essen-
tially negative, constructed to avoid logical inconsistencies. The
underpinnings and relevance of these are questionable, so that a
lower discount rate for health effects than for costs is not neces-
sarily wrong. Additionally the choice of the discount model
(i.e., stationary vs nonstationary models) and of the appropriate
rate of discount seems to be based primarily on convention.
Further empirical research is needed to strengthen or to change
the basis for this conventional approach.

Prevention programs in general and some vaccination pro-
grams, such as hepatitis B vaccination, in particular, are very sen-
sitive to discounting (of costs as well as health effects). Nonethe-
less, this is no cause for treating preventive interventions
differently from curative interventions.

Some of the other key issues mentioned above can be influ-
enced by discounting. For instance the impact of ignoring
unrelated cost, quality of life or herd immunity would all
become substantially greater at lower discount rates or by using
nonstationary discount models.

Conclusion
In this paper, we summarized a range of specific issues that
present methodological challenges to EEVP. We noted that
despite the ever increasing popularity of economic evaluations
of vaccines, there are still important areas that need more
research. In particular, we discussed the choice of mathematical
model and appropriate estimation of key epidemiological
parameters, the valuing of health outcome measures, the assess-
ment of intervention and indirect costs and the choice of dis-
count model in this specific context. Furthermore, we high-
lighted the important contribution of DCE to provide better
estimates of willingness to pay and vaccine uptake, two key
elements for estimating the benefits of a vaccination program.

Five-year view
New developments in vaccines will lead to more multivalent vac-
cines and to more specific vaccines targeted at particular suscepti-
ble groups. As the pressure on healthcare budgets is unlikely to
lessen, we expect the role of economic evaluation (EE) in this
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area to gain importance. As the new vaccines on the agenda for
policy-making in wealthy countries prevent ‘low profile’ illnesses
and are likely to be judged borderline cost-effective, decisions
regarding vaccination are becoming less straightforward.

The shortcomings of EE in this field, as outlined above, will
receive more attention. In particular, we expect that epidemio-
logical modeling will improve as more multidisciplinary
research, combining expertise in epidemiology, mathematical
modeling and economics is initiated. Increased understanding
of the process of disease transmission and the role and infectiv-
ity of different population subgroups, will provide the basis for
a more complex model structure. New models will not only
demonstrate the role of different subgroups and social struc-
tures in disease transmission but will also show the distribution
of vaccine effects and costs over subgroups. More investigation
of the behavior of individuals and groups in response to new
vaccine programs will provide more accurate estimates of
uptake rates.

To date, EEVPs have approached the measurement of ben-
efits as fairly simple health outcomes, such as the number of
cases prevented, or the number of life-years gained. We can
expect to see a more sophisticated approach develop over the
next 5 years. Life expectancy measures may take into
account the changing life expectancy over time and differ-
ences in subgroups. Developments in the measurement and
valuation of quality of life will be transferred to EEVPs. The
other aspects, both positive and negative, of vaccination pro-
grams and infectious disease, the intangible benefits and
costs, will be recognized and explored. These will be incor-
porated into EEVP results, using new measures based on
willingness to pay and estimated using the sophisticated
approaches of DCEs.

On the cost side, there will be concomitant developments
in modeling program and treatment costs to provide more
valid estimates of the marginal opportunity cost. More
debate on the role and significance of indirect costs is to be
expected. Similarly on the issue of discounting, some empir-
ical exploration of the social values for time preference and
more investigation of the significance of the choice of differ-
ent rates is expected. The solution to these issues will largely
depend on the evolution of health economic evaluation in
general, as at present there seems to be a tendency to advo-
cate different approaches to valuing health outcomes and
discounting.

Expert opinion
Evaluations of vaccination programs are usually based on
static models, which essentially assume that infectious diseases
are not infectious. Though this approach can be acceptable
for particular vaccination strategies and target groups, it is
often inappropriate. Dynamic models, which take the com-
municable properties of vaccine preventable diseases into
account, should be much more widely used and eventually
become standard practice for the evaluation of vaccination
programs. Improved methodology in estimating the force of

infection (a required estimate in both static and dynamic
models), and new initiatives for empirical data collection on
social interaction between different subgroups in populations
(to inform the ‘Who Acquires Infection From Whom’ matrix,
a required estimate in dynamic models only), should further
improve infectious disease models. 

There is a need in EEVPs for more consistent incorpora-
tion of quality adjusted survival gains, which would improve
the estimate and valuation of health outcomes, and hence
the comparability between programs. Furthermore, there is
a need for a strong consensus on discounting, in order to
retain the credibility of economic evaluation of prevention.
Indirect and intangible costs and benefits are difficult to
estimate, and often ignored. These may nonetheless be sub-
stantial for infectious diseases and vaccination programs,
and decision making could be misled if they are not
accounted for. The estimate of marginal intervention costs
also presents specific difficulties, especially when evaluating
one component in a multivalent vaccine. Joint evaluations
of all components of multivalent vaccines are therefore pref-
erable, and we should strive to make it standard practice in
the future.

Discrete choice event modelling provides an interesting alter-
native to predict uptake rates, an important element in estimat-
ing both the costs and effects of a program, and could also be
useful to estimate willingness to pay for vaccination programs.

Key issues

• Economic evaluation does not appear  to have been used 
consistently in policy making for immunization.

•  Dynamic modelling, taking the communicable properties of 
vaccine preventable diseases into account, should be more 
widely used and eventually become standard practice.

•  New empirical studies on social interaction and new 
methods to estimate the force of infection will improve 
predictions from infectious disease modelling. 

•  There is a need for a strong consensus on discounting in 
order to retain the credibility of economic evaluation.

•  Potentially substantial costs and benefits are routinely 
ignored, due to problems of estimation and credibility.

•  Discrete choice event modelling could offer an alternative 
to predict uptake rates and estimate the willingness to pay 
for vaccination.
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