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ABSTRACT

This dissertation examines cholera vaccination policy in a developingg@ontext
based on a combination of epidemiological and microeconomic data repregeivéitg demand
for purchasing vaccinations, cost of illness, cost of vaccination, and herdiprotewpacts of
vaccination. The dissertation incorporates data from Matlab, Basglaliatlab’s population is
subdivided into four distinct population groups based on variation in diseatkand age.
Mathematical optimization is used to solve for the socially optime¢pracross population
groups that maximize either 1) societal net benefits or 2) the numbél.dfdsaved across
subject to a budget constraint. This analysis demonstrates that ialdptitharge the lowest
prices to children in high incidence villages and the highest pricelilts & average incidence
villages. Sensitivity analysis reveals that the use of crossasedhfias only a small impact on
program outcomes including both net societal benefits and total DALYs sagedafults who
purchase vaccines in average incidence villages would pay morecparevtb subsidize children
in high incidence villages). This analysis shows that cross-subsidieberiess useful for
scenarios in which the herd protection impacts of vaccination are sigréeasgpopulation

groups.
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Executive Summary

This dissertation develops new models to aid in improvingiragmlicy in developing
countries. The goal of the dissertation is to improve vaccine paliayht of the challenging
health problems and scarce financial resources available in dexgetmuntries. The new models
incorporate empirical data for private demand and the epidemiology of chateraaten herd
protection. The rural Matlab, Bangladesh area is used as a caseostlugyrate the models. A
number of studies about the epidemiology of cholera have been conductedit. timsagdition,

I led a study to estimate private household demand for cholera vaccinations in 2005.

One objective of this dissertation examines the reliability of mopettimates of
vaccination benefit, which are often controversial. Specifidalympare independent estimates
of vaccine benefits: direct willingness-to-pay (WTP) estimBdesholera vaccines compared to
additive estimates of the private cost of illness (COIl) eséisnplus valuations for reductions in
non-specific mortality risk. The value of generic mortality risk réidnds estimated from a
separate contingent valuation scenario included with the cholera vamtihatisehold demand
survey conducted in Matlab in 2005.

The overall average WTP for children’s vaccination is US$1.6.If @ildre split into two
groups, the average WTP for vaccinations for 1-5 year olds is US$2.4 cdnp&l8$1.2 for
older children age 5-17 years. Thus, WTP is considerably greateyuoger children who also
face a higher baseline risk of death from diarrhea. The expectadep@®l savings for 3 years
of vaccine protection are about US$0.04 for young children and US$0.02 for schabitdgm.
These values are about 1-2% of the estimated private WTHraatestfrom my contingent

valuation survey. This suggests that private COI savings inimolkate a poor estimate of the



private benefits of vaccinatioBx antemortality risk reduction benefits are estimated to be
US$1.70 for young children and US$0.24 for older children. These are equivalent to 700 of W
estimates for young children and 20% of WTP estimates for school-agesnhildius, the

vaccine WTP estimates are very close to the COI + mortakyeduction benefits for young
children. There is some discrepancy for older children who appear ta ¥&cg small risk of
cholera mortality. It should be noted that the COI + mortality risk estBnizeglect the cost of

pain and suffering for those that contract cholera. The fear of suffeagdead to increased

WTP for cholera vaccination for older children despite the small ritgrtisk.

Another objective of this dissertation is to incorporate empipgaate demand and herd
protection data into cost benefit and cost utility models that consideplawdtibgroups. The
newly developed optimization models should allow for a more thorough evaltagio is
possible with the commonly used approach in which price (and thereby coveesjaratfixed.
These optimization models can examine the potential for cross-subsidigaove program
efficiency both in consideration of social net benefits and in considerattwatih impacts based
on the number of disability adjusted life years (DALYSs) saved giveilasibvudget constraints.
Specifically, | split the population into four subgroups: 1) adults in avenagience villages, 2)
children in average incidence villages, 3) adults in high incidefieges and 4) children in high
incidence villages. These models can then be solved for a set of fourasstratewould
maximize either net benefits or total DALYs saved given a revenue dahstra

A third objective of this dissertation is to examine the advastagd disadvantages of
cost-benefit analysis relative to cost utility analysis, espg@maccounting for herd protection
effects. Judging from published literature, it appears that casy atilalysis is often preferred to
cost benefit analysis, probably because it is difficult and contievépsmonetize mortality risk
reduction and avoided pain and suffering.

I examined a number of different pricing models for vaccination programse Triesde

simple models in which all four groups are charged the same price and optimideld m



which different subgroups are charged different prices. The optimizedsvaitiampt to

maximize either net societal benefits or total DALYs saved. The nmtabbenefit curve is

almost flat over the range of likely prices, US$1.00 to US$3.00, for a chotmiaaton

program in Matlab. Over this range of prices, net societal benefits vavgdre US$200,000 and
US$220,000. Thus, there is very little difference in the absolute maximuemefits,

US$220,000, and the maximum net societal benefits possible from a revenuepnegteah,
US$210, 000. A public or donor contribution of US$32,000 could be used to boost net societal
benefits by about US$5,000, a 2% change.

The optimal prices that maximize net societal benefits tend to thiintightly bound
ranges around the marginal cost of vaccination. As a result, the priezscfoof the four groups
would typically fall within US$1 of one another when societal net beneétsnaximized. This
occurs because the demand functions are found to be independent of incidereecds across
villages. Since demand functions drive the calculation of direct and ind&gefits, the
difference in optimal prices result solely from small differenodserd protection effects and
public COI savings. However, public COI savings tend to be small relativeetd dnd indirect
benefits. In the deterministic model, it is assumed that herd protectimtsedife the same for
vaccinating adults or children. Thus, the targeting of vaccinationssiage groups is
unnecessary for maximizing herd protection.

Program outcomes are very similar for models that maximize DAL Yeds&elative to
net benefit maximization models, the optimal prices derived from modelséxatize DALY's
show more variability across subgroups. The optimal prices for group$igit incidence tend
to be smaller (i.e. for children relative to adults and for high incideilageas relative to average
incidence villages). As a result, predicted coverage rates at optioces pre greater for groups
in which the numbers of cases avoided per vaccination are greater. HoweyeEptlation-
average coverage rates remain about the same. Thus, herd proteetits) efiich accrue

equally to vaccinated and unvaccinated persons, are assumed to be indepenie!is of



vaccinated. As a result, there are very small differences in the nuaili2éd Ys saved for the
net benefit maximization model versus the DALY maximization model, deggitéifferences in
optimal prices. Monte Carlo Simulation results indicate that therdifices in net societal
benefits or DALYs saved for the Net Benefit or DALY models are less th#nabBoss a range
of 500 independent parameter draws.

The uncertainty in optimal pricing is driven primarily by uncertaintyhimfixed and
variable costs of vaccination programs. If program costs are greatesxpected, it would be
necessary to charge all subgroups higher prices in order to maintain revetnaityé/VNhen
higher prices are charged, coverage rates decline, herd proteaticts afie diminished, and
fewer cholera cases are avoided. Thus, variation in societal neitbanefDALYs are also
strongly impacted by uncertainty in program costs. Uncertainty in netablsenefits is also
driven by uncertainty in demand function parameters. If demand is greatexpleaiee, net
societal benefits increase because cholera protection is perteive more valuable to the
community. The uncertainty in DALYs saved is primarily driven by valitghn case fatality
and incidence rates, such that more DALYs are saved when incidencesaridtabty rates are
greater. It is believed that cholera case fatality rates may be iloWwatlab relative to other rural
communities because Matlab’s ICDDR,B hospital is available to prdwgtequality treatment.
If case fatality rate were greater than 1%, it is likely tetlera vaccination in the Matlab area
could be considered ‘very cost-effective’ based on World Bank Standaras)lpatt modest
coverage rates (20-40%). At higher coverage rates, the cost per Rx&kY would be higher due
to diminishing returns to scale of herd protection.

It is possible to increase the number of DALYs saved if external fundangitable.
However, the marginal cost per DALY saved tends to be high. The cost per D&Y \&ries
depending on the coverage rate of the program. At very low coveragelratagetage cost per
vaccination is very high because fixed costs are spread acrosd awsmntzér of vaccinated

individuals. As a result, the cost per DALY saved is also high. As covaragmases, the cost per



DALY saved decreases as more people become vaccinated and fixedeceptead across a
larger number of vaccination recipients. The cost per DALY is migidwhen the average price
charged is about US$3 and the average coverage rate is about 20%. Asec@tesaigcrease
beyond 20% the average cost per DALY saved decreases. This is becausknoiiishing
returns to scale of herd protection. This dissertation provides usgifyit into planning

vaccination programs in rural areas of developing countries.



1 Description of Policy Problem

1.1 Introduction

As more and more new vaccines and other health interventions are develoged, publ
health ministries and international donor agencies face increasifigtult decisions for
investing limited resources to improve health in less developed cou@riesapproach to
increasing the adoption of new vaccines at limited cost to government and doteocharge
user fees for vaccinations. This would allow recipients to congritouthe cost of the vaccination
program. However, the imposition of user fees would reduce vaccination covaéiegibecause
some people would be either unwilling or unable to purchase vaccinations.

When determining user fees, it is important to consider that vaccinatiwasbth public
good and private good aspects. Recipients have a physiological responsentativacteading
to increased immunity to disease. This is the private good adpegthysiologic response is
often exclusive to those who receive the vaccine. Since these recgeréss likely to become
ill, they are less likely to expose family members and other commuomtaais to disease. As
vaccination coverage rates increase, disease prevalence declinevarainated persons are
less likely to encounter infected persons or other disease vectoesconimunity (i.e. there is a
herd protection effect). This is the public good aspect since eachdimaiviaccination has an
impact on the indirect protection for the community. For vaccinatiorsless than 100%
efficacy, vaccinated persons would also benefit from herd protection.

Cost benefit analysis and cost utility analysis are typically usedaioate the economic
attractiveness of vaccination programs. Both approaches have adsaridg#isadvantages,
which will be discussed in this dissertation. However, when demonstratesllitetature, most

authors assume that vaccination coverage rates are pre-determinieat @eomnomic



attractiveness must be determined for these pre-determined coveeade @t free or
mandatory provision as part of mass vaccination or infant vaccination me)gréhis
dissertation attempts to evaluate how the choice of user fees (andtlyngble choice of
coverage rates) impacts cost benefit and cost utility metricenoobg used to judge the
economic attractiveness of vaccination programs.

The goal is to improve the allocation of scarce resources for a priospetcination
programs in a developing country. My analysis focuses on how empirical prieeagevand
indirect protection-coverage relationships can be used to optimizettihg s¢ vaccination user
fees. Empirical data from a number of cholera vaccination studies cotducteal Matlab,
Bangladesh are used to demonstrate these models. Empirical estimatesetiold demand for
cholera vaccinations are based on a contingent valuation survey conducted inn20ie5aE
estimates of coverage-indirect protection relationships aedoan recent studies of cholera
incidence following a 1985 vaccination trial that was conducted in MatlalseTtadies found
that incidence rates for both vaccinated and unvaccinated subgroupsweesely correlated
with vaccination coverage rates (Ali et al., 2005; Ali et al., 2008). Thuscamzded persons
that lived in areas with high coverage rates were considerablyikelystd contract cholera than
unvaccinated persons who lived in areas with low coverage rates. In additiorpicoatmodel
of coverage versus expected incidence was developed for cholera trandimthe Matlab area
(Longini et al., 2007).

My dissertation incorporates both price-coverage and coverage-incielgmessions
into cost-benefit and cost utility models to solve for socially optimaeprigvhile | focus on
examples using cholera vaccination data from Matlab, | believe thatrttwelds should be
illustrative of potential approaches for other locations and for differaccines. | examine both
cost benefit and cost utility approaches to identify if different pohoglels influence either the
theoretically optimal prices or the expected program outcomes thad vesullt from those

prices.



For cost benefit models, health outcomes must be expressed as monetary benefit
estimates via a welfare-theoretic approach. For cost utility sisalyealth outcomes are
expressed as non-monetary health utility units based on the number oéitgeapd disability-
impaired years saved via the intervention. Both types of benefiunesasan then be compared
to program costs. In the absence of herd protection, the change in diseaseyrpabidit
vaccination delivered is constant (given a population with homogenousriceld However, in
the presence of herd protection, the change in disease morbidity is no leogstamt function
of coverage. Thus, it may be possible to use price-coverage relatioimsbipsbination with
coverage-herd protection relationships to solve for socially optimarage rates. For each
model, | assume that vaccination programs face budget constraintmithgoliernment or donor
contributions to program financing.

This dissertation aims to answer three distinct, but relatediop®siFirst, how do private
vaccine willingness-to-pay estimates compare with other econatiticages of disease
prevention based cgx antereductions in private treatment costs and mortality risk? | use the
results of two contingent valuation surveys to answer this questioculatal average
willingness-to-pay (WTP) per vaccination by age group from the housethaliera vaccination
demand survey. An alternative vaccination benefit estimate canduatadl from separate
studies that estimated cholera incidence, private cost of illnessillingness-to-pay for
mortality risk reduction. This value of mortality risk reduction isnested from a survey of
willingness-to-pay to reduce mortality risk for each household’s youédt

Second, how can cost utility methods be used to incorporate herd protéfetits te
optimize vaccination policy making? To answer this question, | userexiist utility methods
but | attempt to maximize the number of DALY rather than simply estimatirayerage cost
per DALY. | used standardized methods ((WHO), 2003) to convert changes in inddence
changes in disability adjusted life years (DALY). The number of litgyéost depends on

incidence rates and case fatality rates by age group. Since cholera dmassedong term



disability (e.g., blindness or paralysis), the disability impactlsutzted from the average
duration of disease and a weight that represents the degree of iratapaeperienced. When
comparing different health interventions, an average cost per DALY saofiém used as the
definitive metric. In an appendix, | demonstrate how to calculate average agidahaosts per
changes in DALYs saved as functions of coverage to demonstrate how vanaiowerage rates
impacts cost utility. In addition, | solve for a set of optimal pricesparcified population
subgroups that maximize the number of DALYs saved in the community.

Third, given a common set of constraints and model input parameters, hoendiffer
the hypothetical socially optimal outcomes derived from cost benefits/eost utility analyses?
A related question is what are the underlying causes of differences in thedtigabdtsocially
optimal outcomes from cost benefit and cost utility analyses? To attseger questions, | create
optimization models that maximize either social net benefits or DARVsdsfor a given revenue
constraint. The optimization models solve for a set of prices to beechrgach of four
different subgroups. The societal net benefits are calculated frosnithef expected WTP
benefits and discounted public treatment cost savings less progranT bestet revenue
constraint is the difference between program costs and the sum of galagserand discounted
public treatment cost savings. Both of these models incorporate herctiproteersus coverage
functions in addition to price versus coverage functions. By solving eabbsaf bptimization
problems, it is possible to identify how the choice of outcome measuctsatfecision making.

This type of comprehensive vaccination policy analysis is not always cteadorior to
making decisions about introducing new vaccines. DeRoeck et al (2005)ewivpolicy
makers in seven Asian countries to understand their views on vaccines agalera and other
enteric disease. Policy makers in Bangladesh and other countriegdepattthey did not place
a high priority on providing cholera vaccines to areas with high endemienu@dates. They
cited a number of reasons for this preference, including 1) the sucaeas rehydration solution

(ORS) also known as oral rehydration therapy in reducing cholera mortalitde)ra to spend



limited resources on water and sanitation infrastructure or otheh liet@itventions (e.g. Hib and
hepatitis B vaccines) that are believed to have greater potentralucing childhood mortality,
3) the limited duration and effectiveness of cholera vaccines, 4) the bigtesf cholera
vaccines relative to Expanded Programme of Immunization (EPI) vaceing 5) the inability to
administer the cholera vaccine as part of the existing EPI schedlity. iRakers may also fail to
consider whether private spending might help offset the cost of vdoaipabgrams (via
charging user fees). In addition, empirical evidence of herd protectiorcfrol@ra vaccination
was not yet available when policy makers were interviewed for De Roesort.

The policy makers’ opinions of cholera vaccines demonstrate the need weconsi
Bangladeshi health policy in light of very limited financial resesravhich are insufficient to
adopt every newly-developed health intervention. As increasingly moc@nea and other
interventions are developed, policy makers should take care to congtuéebd protection-
induced efficiencies and private willingness-to-pay considerations fanming health policy.
Planning should be flexible enough to allow increasing localization ohijpigrefforts and
freedom for household decision makers to invest in their favoredantsons.

The models developed in my dissertation differ from more common approaches to
vaccine policy for developing countries, which traditionally reeadvound simple binary
decisions about whether or not to introduce specific vaccines. In low ircmméries, it is also
often assumed that these vaccines must be provided free of charge besidestsréudgets are
too tightly constrained to spend money on preventive efforts. Howevemrawisipn of free
vaccines places a large burden on already strained health ministry badetsluces
prospective purchasers’ abilities to assess their own local healthigsi It is uncommon for
policy makers to consider charging user fees or how to determine what anfmuhtstse
charged.

Recently economists have been researching private demand for newly ddvelop

vaccines. Their studies use surveys that present respondents witfullycdescribed
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hypothetical vaccine and ask how many vaccines would be purchased foptreleg’'s
household. This allows researchers to estimate demand functiortonation purchases and
also provides direct monetary estimates of the private value ohaticei (e.g., Canh et al.,
2006; Cook et al., 2006; Lucas et al., 2007; Islam et al., 2008; Kim et al., 2008; Whitthgign
2009).

Longini et al. (2007) developed an epidemiological model of the cholera vaccination
coverage-incidence relationship in Matlab and reported the expactdence reduction as a
function of coverage (relative to a baseline scenario without vdicrihaAt a vaccine coverage
rate of 30%, they predicted that probability of cholera infection would dsergy 90% for
vaccinated persons and by 70% for unvaccinated persons. If coverage wersemtoe50%, risk
of infection would further decrease, by 97% for vaccinated persons and by 8aat#&ocinated
persons. These findings demonstrate that the impact per vacde®asa function of coverage
and that the attractiveness of cholera vaccination almostrdgri@ipends on the coverage rate.
Because of this nonlinear relationship between coverage and vamtingtact, common
economic modeling approaches that rely on a single point-coverage estiayat®t be well
suited to policy making.

By combining private demand and epidemiological data, | can develop more helpful
economic models that demonstrate the impact of user fees on program oufdoenesrk
included this dissertation makes an important contribution to thetliters a number of ways:

e It provides the first estimate of WTP to reduce the mortebtyof children in a
developing country;

e Itis one of the first attempts to include private demand ardl fretection data
into a vaccination policy model for a specific location;

e |t demonstrates a new method of cost utility modeling, namelgfihe the

marginal cost per DALY saved, which is a function of coverage

11



e |t is the first to examine how to set user fees in condideraf multiple
subgroups with independent vaccine demand functions, incidences, cost of
illness, and impacts on herd protection. (The use of cross-subgidibe

presence of herd protection has not been previously considered).

1.2 Dissertation goals

The goal of this dissertation is to provide policy models and recommensi&bi improve
vaccination decision making in developing countries. This is accomplistmgyththe
development of new vaccination policy models that aim to better understanadibeffs
involved in charging user fees for vaccinations in less developed counsieg Matlab,
Bangladesh as an example. The framework developed in this dissertation shapjiidable to
policy makers working on other vaccines and in other countries. The disseftauses on data
collected for a cholera vaccination program in the Matlab, BangladeshTéuis site was chosen
because of an opportunity to conduct empirical research in the area andildigilay of
empirical data for cholera vaccination herd protection effects from a i@BGAli et al., 2005;
Longini Jr. et al., 2007). The area may consider a cholera vaccination progaamedsim term
preventative measure prior to future water and wastewatertmftage improvements. Thus,
one objective of the dissertation is to develop models that improve undangtahthe inter-
relationships between price, coverage, and health outcomes for a patndiatholera
vaccination policies. While these models are demonstrated with Matkh talieve that the
underlying models will prove to be broadly applicable for other vaccinesmanttder locations.
The recommendations derived from these models may provide a template fouather
communities in Bangladesh and other countries that suffer from endemecahawever, |
caution that differences in social, cultural, economic, and environmentalioosdiiust be taken

into consideration prior to extrapolation.
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In this dissertation | attempt to incorporate empirical pridat®and and herd protection
data into cost benefit and cost utility models that consider multiple sulsgrblag@ models should
allow for a much more thorough evaluation than is possible with the commodippgeach in
which price (and thereby coverage rates) are fixed. In addition, | demerthxathe marginal
cost per DALY saved is strongly dependent on the coverage rate athiénedemonstrates the
importance of considering target coverage rates after decidingevhettonduct the vaccination
program. The optimization models can examine the potential for crogsisalie improve
program efficiency both in consideration of social net benefits and indewaton of DALY's
saved given similar net revenue constraints. Specificallyjtlthpl population into four
subgroups: 1) adults in average incidence villages, 2) children in aviecdence villages, 3)
adults in high incidence villages and 4) children in high incidence gifag

In addition to the development of new localized vaccination policy moiheds
dissertation examines a number of additional objectives thattampeoving the current state of
the art in developing economic analyses of vaccines and the anilettihe data necessary to
inform vaccine policy. A third objective of this dissertationrakges the reliability of vaccination
benefit estimates, which are often controversial. Specifically | caaripdependent estimates of
vaccine benefits: direct WTP estimates for cholera vaccinepareh to additive estimates of the
private cost of iliness estimates plus valuations for reducitiongn-specific mortality risk. The
value of generic mortality risk reduction is estimated from a sepaoatingent valuation
scenario included with the cholera vaccination household demand survey cdndiMgglab in

2005.

The Matlab case study is unique because of the anudulata available. It is unusual to have dedhilata
for private vaccine demand, herd protection epidéogy, and even disease incidence in other locstilin
fact, it would be prohibitively expensive to collebese data prior to determining vaccine policglhat
locations for all diseases. However, | believa ppdssible to apply some of the lessons learned fhis
dissertation in a variety of contexts.
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An additional objective of this dissertation is to examine thergdgas and disadvantages
of cost-benefit analysis relative to cost utility analysis, esfig in accounting for herd
protection effects. Judging from published literature, it appears thaitditgtanalysis is often
preferred to cost benefit analysis, probably because it is difiadltcontroversial to monetize
mortality risk reduction and avoided pain and suffering. This dissmrtatiamines how different
outcomes arise from cost benefit versus cost utility analyses. Furgxamine what conditions
would lead to differences in optimal pricing for cost benefit versusutiisy analysis.

It is important to note that | approach cost utility analysis diftérem that | attempt to
maximize the number of DALYs saved given a revenue constraint (ratheirign salculate
the costs and saved DALYs for a pre-specified intervention. For codttlzaradysis, the
difference between benefits and costs is defined as the net benafitdet€rmining an optimal
allocation for a specific intervention, policy makers shoulenapt to maximize either net
benefits or DALYs saved across interventions. At present, vaccine pelaisions in developing
countries are generally limited to allocating resources acrassemntions. Little attention is
typically given to program design within a particular intervemtiT his issue has been raised by a
number of authors (Philipson, 1996; Gersovitz and Hammer, 2003; Francis, 2004; Ballier et
2007); however, | am unaware of any attempts to use empirical demand data to design
vaccination programs.

Another objective of this dissertation is to define a marginalmeasDALY function that
varies as a function of coverage. As shown by Longini et al. (2007), the natmanges in
incidence are highly variable. It is possible to reduce incidence of unsteat persons by 70%
by increasing cholera vaccination coverage from 0% to 30%; however, a fodtease in
coverage from 30% to 50% only increases effective protection for unvatipatsons from
70% to 89%. Thus, it is important to quantify not just the average cost pger Beéved, but also
the marginal cost per DALY saved. This will help prevent wasting reesuma additional

vaccinations, once an acceptable threshold of protection has beend@chieve
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13 Summary of the dissertation’s contribution

This chapter highlights my dissertation’s important and noveribomions to the
literature. First, the study incorporates a large data sétobéra vaccine benefits for a rural,
cholera-endemic setting. This combination of data sources has not bdahlayor any previous
evaluation at a single location. Many economic evaluations of vaccinepregniss important
private economic benefits such as increased productivity and reductisisondeath or pain
and suffering. In addition, most economic models are hindered because prograsrsdanmot
include price-coverage relationships. | can estimate theserdhifps from the results of the
stated preference studies. The estimated demand curves can als toecakaulate total
willingness-to-pay for the community. The Matlab study site is unigtieat very specific data
on different causes of mortality are available to inform policy. Urdtker vaccination policy
studies, all of these data are available at a single locatidrthus benefit transfer models are not
necessary.

Second, value of statistical life estimates are notoriously diffioc obtain because of
difficulties in educating respondents about the very small risks of deatx$ and the ability of
the proposed intervention to reduce those already small risks of deiatlstuidy (Maskery et al.,
2008) is only the second known attempt to elicit estimates in a rusabbigedeveloping country
(Mahmud, 2009) and the first to elicit estimates of parents’ willingst@pay to reduce their
children’s risk of death. In addition, cholera vaccine WTP estimatezarpared to cholera cost
of illness and generic mortality risk reduction estimates to tesbftsistency.

Third, the economic model developed in this dissertation is believedotoebef the first
to account for both the heterogeneous demand and herd protection. Most econonsdimodel
incorporate herd protection have assumed that cholera vaccination benefite same for
everyone in the community (Brito et al., 1991; Francis, 1997; Francis, 2004; Bowalier2&07).

| also contributed in the development of a simplified model (Cook et al., 20@9)aificle uses
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empirical private vaccine demand and epidemiological data to exantic@ation outcomes for
Kolkata, India. This article uses a different method for calculatiregtdand indirect vaccination
benefits and assumes a single demand function and incidence for the entiatigropdly model
includes consideration for separate incidence and demand functionstfaf éagr subgroups.
The Cook et al. article is discussed in more detail in Section 3.6.

Fourth, | think my dissertation provides one of the first attempts to examine
vaccination program optimization with different objectives, namely the maxiiorzof
net benefits versus the maximization of DALYs saved given a common revenue

constraint.
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2 Background

This chapter includes background information of the biology of cholemiation about
available cholera vaccines, a comparison of vaccination progréatisgeo water and sanitation
programs, and the Matlab study site. A more thorough review of economic and epadéral

vaccine research is included as Chapter 3.

2.1 Cholera

Appropriate vaccination policies depend on the epidemiology of disease. &ischer
endemic and epidemic diarrheal disease that primarily strikegtmsne persons in certain parts
of the developing world. It is endemic where the local climatenslacive to the survival of
vibrio choleraeoutside of human hosts. Epidemic cholera may also strike commumiiiies
poor-quality water and sanitation infrastructure, which allows the shdeaspread from person
to person even though the natural environment is not conducive to survivakatidaive
bacteria. The Matlab community suffers from endemic cholera.

The primary symptoms of cholera include intense, watery diarrhea, fadeapid
dehydration. It is easily treated by quickly re-hydrating the patightoval rehydration solution
(ORS) or IV fluids. The severe dehydration caused by cholera can kilhfsatvithin 24-48
hours; however, the introduction of ORS has reduced the case fat@li{CFR) to less than 1%
in areas with high quality treatment (Ryan et al., 2000; Sack, 2003).

Ali et al. (2002) constructed a spatial map of cholera risks in the Matlab area and
observed that the risk of dying from cholera increased with distanceHmnearest health
clinic. Thus, vaccinations may be especially useful in reducing mgrtaslit in areas that lack

convenient access to health clinics. In the Matlab area, the centr&R&dR|B diarrhea hospital



treats the majority of severe cholera cases. This hospital is unithet it has tested all diarrhea
patients that presented cholera symptoms and has maintained survedtanrds for almost 40
years (Longini Jr. et al., 2002). Historically, cholera incidence in thitald area has been highly
variable. Cholera incidence data for the Matlab area are examinetiinrd&ection 5.1.

The bacteria that causes cholera live in coastal estuarineswagesociation with
phytoplankton; high temperatures and algal blooms have been associatesl trattsinission
into humans and subsequent outbreaks (Schaecter et al., 1998). The bactetnad¢bathwdera is
Vibrio cholerag which has 2 major serogroups (O1 and 0139). The O1 serogroup has two
biotypes (classical and El Tor), each of which has 2 major sero@gasvgé and Inaba). Usually,
one of the two serotypes is responsible for the majority of epidemis iceary geographic area,
but the two serotypes usually replace one another over time in an endesnithee change in
serotype is believed to depend on the immune status of the population (Longjfirzil Jr2002).

The epidemiology of cholera is dependent on both the bacteria that cadsedse and
the water and sanitation infrastructure. If communities had properly dairgg, self-contained
indoor piped water and sewerage, it would be uncommon for cholera to be trahaocmntiss
households. In Matlab, however, most bathing is performed in nearby ponds, which edebghar
small groups of households. Emch et al. (2009) have shown that cholera vaccination her
protection effects are highly localized among households sharing these pond<iilera
infection requires the ingestion of a large number of bacteria, evdinckianages in local
incidence via vaccination may help to inhibit transmission to unvaecimgersons by reducing

the concentration aofibrio choleraein any particular pond.

2.2 Vaccines
This dissertation examines the next generation whole-cell-kille@chwhccines (either
with or without a recombinant b-subunit). This vaccine is deliveretyonatwo doses. It was

originally believed to have about 65% direct efficacy for threesyé@lemens et al., 1990a);
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however, after accounting for herd protection, the vaccine has been found w6&edirect
efficacy (Longini et al., 2007) at least in the first year. The nextgdion whole cell vaccines
have not been proven safe in infants less than 1 year of age. There is a@xtyeneration
cholera vaccine -- a live-attenuated vaccine (CVD103-HgR) — buddta on effectiveness and
safety is less established than for the next-generation orag¢whtkilled vaccines. Research
into the whole-cell-killed vaccine is ongoing with recent trials iatiam, Beira, Mozambique,
and Kolkata, India (Thiem et al., 2003; Lucas et al., 2005; Cavalliér, 8086; Thiem et al.,
2006). The Kolkata trial is the only one to use the International Vadegtitute’'s newly
developed vaccine, which is being made available for technology transfedteers in less

developed countries.

2.3 Comparing vaccines with water and sanitation improvements

Most households in the Matlab area retrieve their potable water frorowstehd
pumps located near their homes. These shallow tube wells have helped ¢oaledaase
diarrheal disease, but have also exposed the population to hazardous cémreeefratsenic
naturally found in shallow Bangladeshi aquifers. Exposure to arseniechesdhronic health
problems over the past 20 years. Basic pit latrines and hanging latrinesed for urination and
defecation throughout the area. These latrines have also helped redinsab@isease, but are
less than ideal. Some hanging latrines introduce pathogens directly into batlaisiguad the
shallow pit latrines may not effectively remove pathogens from theesawater of the shallow
tube wells.

While these water and sanitation facilities are an improvementloeerse of surface
water and open defecation practices, they are only the first step tongedater borne illness.
The next developmental step would be the construction of large scateawatganitation
infrastructure. Cholera vaccines are unnecessary in wealthietries because of advanced water

and wastewater treatment, better hygiene practices, and an owgitaH standard of living. The
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next steps in major water and wastewater infrastructure wowdd b&pensive network of pipes
to carry treated, clean water to households and transport wastawatefrom households. If
properly operated and maintained, this new system should improve health, assuntipgicmet
practices simultaneously improve. Disease incidence can be fumiienied with the ultimate
construction of wastewater treatment facilities that would remav®geans and other pollutants
prior to discharge into Bangladeshi streams or rivers. This step wamide exposure to
pathogens during bathing or play in local water bodies. Thus, long terstin&tare
improvements would likely have a great impact on public health, butitkgsiee significant
financial commitments, at least on the order of US$20 per month per houSételtecessary
local, national, or international financial resources will not like#gome available over the next
20 years given that the average monthly household income in the area is only Sbabitper
month.

Point-of-use treatment is considerably less expensive than the cdostofatew
infrastructure and may be used to reduce diarrheal disease from niyfigdeof bacteria and
viruses. Point-of-use treatment may incorporate one of many diffeadmdlogies including
some type of water filter, disinfecting additive (e.g., chlorine), dinsentation additive.
Considering that Matlab suffers natural arsenic contaminationmseathtion additives may be
preferred if reagents are selected to precipitate and remowashisic. There have been some
point-of-use treatment pilot programs in the Matlab area, and some oftbg sespondents
continue to employ point-of-use treatment devices. Accurate effectsrdagsfor point-of-use
treatment in Matlab are not available, but other studies have denedstra0-50% decrease in
all-diarrhea incidence at costs of about $15 to $50 per household per yeizel(Fes al., 2005;
Brown et al., 2007; Sobsey et al., 2008). The effectiveness of point of aiseent has not been
measured Jeuland and Whittington (2009) compared generic investments itvufjuisie

treatment versus cholera vaccination in low income countries. They coth¢hadgoint-of-use
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treatment is often more cost effective, but that results vargatmoations depending on the
incidences of disease.

The microbiological quality of water from hand pumps has not been rigorously
investigated across the Matlab study area, but it is widely leelithat cholera is more likely to
be spread through contaminated food sources or bathing areas (St.tlabyi$390; Emch et al.,
2009). Cholera infection requires a large dose of the infecting baetbich is unlikely to be
present in tube well water. It is important to note that point-of-usertesdtshould reduce other
types of diarrheal disease in addition to cholera, which is an impodasideration in
comparing investments. However, these devices require consideradilgr gréort to properly
use and maintain. Cholera vaccination reduces cholera incidence, but waultbhienpact on
other diarrheal disease. After receiving the required two doses, vackindividuals will be
protected for 2-4 years, but should continue to avoid contaminated wategssthatcause other
diseases. In addition, cholera vaccination leads to reduced cholera exXpoboth vaccinated
and unvaccinated individuals in the immediate area. Thus, it is also anptwtadjust for herd
protection when comparing investments, although, point-of-use treatment deaigedso have
indirect protection benefits. The examination of point-of-use treatim&wt a focus area for this
dissertation, but it is important to consider this alternative wherajeug health policy in

Matlab and other localities.

24 Description of Study Site

Centered on the town of Matlab, the study area lies some 55 km southwest obbDtiaka
has a population of approximately 224,000 ((ICDDRB) 2005). The ICDDR,B operatesitalhosp
in Matlab town whose services include free treatment to anyone with diatitselaospital treats
most of the serious diarrhea cases in the area. ICDDR,B also prowsiehdmth services to
approximately 111,000 people in Matlab town and 67 outlying villages. Once a month,

ICDDR,B’s Health and Demographic Surveillance System (HDS®ggatnformation from
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each person in the ICDDR,B service area as well as from an additional 113,0@0ip&&pl
other nearby villages who receive basic health care services framguent facilities.
ICDDR,B has collected this information for more than 40 years. Qeeydars, a number of
health intervention studies have been conducted in both the ICDDR,B and govesanizet
areas.

The HDSS data include annual mortality rates for a number of causge loyoup, as
summarized in Table 2.1 (ICDDRB 2002, 2003, 2004). The most common causes of death differ
by age group. For children less than 1 year of age, respiratory dis¢laseriost likely cause of
death; next most common are diarrhea and nutritional deficiency. For nhilgeel to 4,
drowning is the most likely cause of death; next are diarrhea and respdistease. Mortality
rates drop significantly for children age 5 to 9 years relative to youngdrashilMortality rates
for children age 10 to 19 drop again by half relative to children age 5 to 9 and areesiiess
than among children age 1 to 4 years. In comparison to the United Statesfymattsdiin the
Matlab area are about 6.5 times greater for children less than one ggat about 14 times
greater for children age 1 to 4 years and about 5 times greateildoeiclage 5 to 14 years
((NCHS) 2005). The mortality rates for older children and young adultsnaifarsfor the two
countries.

| collected data for the sociodemographic characteristics of sampehualds that
participated in a 2005 contingent valuation survey that estimated hadiséltioigness to pay for
cholera vaccinations and willingness to pay for mortality risk reducfarnsouseholds’ youngest
children. The survey is described in more detail in Chapter 4. Some houselwét@aomic
data from the survey are summarized here. These data only include hosisatiot least one
child less than 18 years of age, and located within two hours (via traditiangportation
options) of the ICDDR,B hospital. The average household size is about 5.8 persiodsng, on
average, 0.1 infants less than one year old, 0.7 young children (1 to 5 years), ahddl:age

children (6 tol17 years). The average respondent age was about 40 yeagesyandgest child
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was 6.5 years old, and about 50% of the children were less than 5 yearsldfeagender split
for the sample is almost even. Many of the adult males leave thibgesue employment in
the national capital of Dhaka or in other countries because of a lack of écappartunity.

The respondents had attained an average of about 3.6 years of educatiorb%bofiuth@
sample reported that they had never attended school. Average monthly househaddsredooot
US$75 and median income was US$60. A frequency distribution of average househotl incom
per month is shown in Figure 2.1. This figure shows that most households earned h5$886
and US$75 per month, although a small fraction earned considerably more. Thirtgncieret pf
respondents received electricity directly at their house frordaAyfew other respondents had
installed solar panels or used large batteries because of the lde&tota@ supply to their
village.

The primary source of drinking water for most respondents was hand pumps. About 60%
of respondents shared a hand pump with their neighbors; another 30% had their gv@3%Onl
used surface water. Because of the widespread use of hand pumps, nearly all o (@2¥%9)|
surveyed did not boil their drinking water, though some did treat water e#icho5%), via
sedimentation with alum (4%) or with filters made of cloth, ceramic, sandngasite material
(7%). The respondents primarily used improved pit, unimproved pit, and hanging ldrines
waste removal, the latter two of which may promote increased pregatetie environment of
the bacteria that cause cholera. People in the Matlab area have hadspegperience with
cholera vaccines, including the new-generation oral vaccines and a conyjpineid t
paratyphoid A and B, and cholera injectable vaccine. Currently, no cholera viscaira@able in
the area. Seven major cholera vaccine field trials were condudtatlat between 1963 and
1989. Between 1963 and 1968, there were 5 trials of injectable vaccines:.cathaderotype-
specific, and purified antigens. The combined vaccine was discontinuedliabe because of
side effects which included pain, swelling, redness, and fever and beeeipgents were often

unable to work for several days after vaccination. In 1974, there was &isixtii a toxoid
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vaccine. The seventh and final trial estimated the effectigesfasral cholera vaccines similar to
the vaccine analyzed in this dissertation (Longini Jr. et al., 2002PRCB's 1985 field trial
administered two oral cholera vaccines and a placebo. More than 62,000 pekplede doses,
approximately 27,000 took one or two doses, and about 31,000 were absent or refused to
participate (Clemens et al., 1990). Although the vaccination program onlyet@dugeldren and
mothers, significant herd protection effects were observed even at modestge rates (Ali et
al., 2005; Longini Jr. et al., 2007). Empirical herd protection data from Matlabnsieed in

more detail in Section 3.5.
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Figure 2.1. Frequency distribution of average montly income per household

In my 2005 survey about 31% of the respondents had reported receiving the @ana chol
vaccine during the 1985 trial. Most respondents, 90%, reported that they tisdiedsaith the
vaccines received by themselves and their family members. They thbagtrtost of the
vaccinated persons in their households (72%, including themselves and ethieens), were
sufficiently recently immunized to still have some protection agaimslera infection. In
addition to their experiences with the oral cholera and cholera-typhoid cahzioeines, people
in the Matlab area have had access to vaccines from the EPI prografmeelrBe| vaccines for

children include those against diphtheria, tetanus, pertussis, polidemeasl tuberculosis. EPI
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also provides tetanus vaccines for women of child bearing age (14 to 49 y&d3$)Z005).
ICDDR,B’s community health workers distribute the EPI vaccinesutittout the Matlab area
once per month. The private market for vaccines in the area is minintanijta few
pharmacies in Matlab town providing tetanus vaccines (US$0.30-$1.34, Tk 20-THd%@pas
vaccines (US$5.95-$6.40, Tk 400-Tk 430). Nationwide, Levin et al. (1999) repohehat t

private sector only accounts for about 2% of vaccines deliveredigl&iesh.
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Table 2.1. Average annual number of deaths for chdten in Matlab area by cause (based on data
from HDSS annual reports ((ICDDRB), 2003; (ICDDRB),2004; (ICDDRB), 2005)

Age range <1 1-4 5-9 10-14 15-19 Total
(Population) (5,764) (21,024) (24,985) (27,024) ,923) (102,741)
Disease related

Respiratory 70 8.7 2.0 1.0 1.3 83
Diarrhea 17 9.3 2.0 1.0 0 29
Cancer 0.0 2.0 1.3 2.0 0.7 6.0
Infectious 7.0 2.7 1.0 13 1.3 13
Nutritional 12 4.3 1.3 1.0 0.3 19
Gastro-intestinal 2.3 0.3 1.0 0.7 1.0 5.3
Cardio-vascular 0.3 0 0 0.3 0.7 1.3
Neonatal 130 0 0 0 0 130
Avg. no. deaths due to disease 245 34 14 11 9 314
Zitfl?gggitﬁil dren per yed) 43 1.6 057 041  0.39 3.1
Accidents, Injuries 0 0 0 0 0 0
Drowning 3.3 49 8.0 13 0.7 63
Homicide/Suicide 1.0 1.0 0.3 1.0 3.0 6.0
Other accident 2.3 1.3 2.0 2.3 1.3 9.3
Avg. no. deaths due to accident/infiry 17 58 16 8 9 108
Ziffgggiﬁn dren per year) 2.9 2.8 0.6 0.31 0.38 1.1
Other/Unknown 19.7 13.3 11.0 7.4 8.0 59
Avg. no. of deaths (all causes) 260 92 30 19 18 420
Pl 45 a4 12 om om 4
Rate of death in United State’ 6.8 0.29 0.24 0.18 0.65 0.3

(per 1,000 children per year)

 Deaths attributed to other/unknown were split éweertween disease and accident/injury.

® Data taken from NCHS (2005)
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3 Review of related literature

Policy analysis typically involves the application of natural andasscience to public
decision making (Friedman, 2002). This dissertation focuses primarily on theasippl of
economics and epidemiology to public vaccination. Economics is the study of tengffi
allocation of scarce resources. Epidemiology is the study of how disdsaesmitted throughout
a community. This chapter summarizes the current state of economicsderdiefogy research
for public vaccination programs.

This chapter is subdivided into seven sections. It begins with asdisowf the most
common approaches to the economic modeling of vaccination programs and ftediolisy The
next two sections examine studies that can be used to monetize vacciits, lether directly or
indirectly. Section 3.2 summarizes existing stated preference stdidieslera vaccination in
developing countries. Section 3.3 summarizes the value of statistidaelieure with an
emphasis on studies conducted in developing countries and studies thaedstahag of
statistical life for children. Section 3.4 summarizes existing ecananalyses of cholera
vaccination policy. Empirical estimates of cholera vaccinatiod peotection are described in
Section 3.5. The final section (3.6) evaluates the economic epidemidkrgyure, which merges
epidemiological disease spread information with economic theories ofibetiaiesponses to
changes in the risk of becoming ill (i.e. changes in averting behavigrsponse to changes in
disease prevalence). These insights aid the development of a long ¢emne y@olicy model that
incorporates changes in vaccine demand after prospective purchasesbseved herd

protection effects.



3.1 Common approaches to economic evaluation of vaccine programs

As more and more new vaccines and other health interventions are devpidped,
health practitioners and international donor agencies face incrigadiffigult decisions for
investing limited resources to improve health in poor countries. Econoalisas of the costs
and benefits of various interventions are one approach to prioritizingithesantions. Many
vaccines have a considerably longer duration than the cholera vaccinesot agatinst diseases
that are especially dangerous for infants. For these vaccinegsua#ly optimal to vaccinate
children as young as possible. In contrast, cholera, typhoid, influenza, and otheushibot
vaccines require a more nuanced approach in which it may be necesdantifp which age
groups should be vaccinated to optimize impacts. For short-duration \saedihéerd
protection or herd immunity effects, analysis is further complicatedebgebd to consider the
indirect protection provided by vaccinating different age groups.

Prior to examining modeling approaches, it is illustrative to defieevarious types of
vaccine costs and benefits. All vaccine interventions potenttty five principal private
benefits and three public benefits. The five private direct giotebenefits result from a
reduction in the risk of contracting cholera and accrue directly to vaedimalividuals:

(1) avoided direct medical treatment costs, such as medicine and doctor fees,

(2) avoided productivity losses (e.g., wages, school, housework) fanatnd
their caretakers,

(3) avoided disutility of enduring the pain and suffering of illness,

(4) reduced risk of death from illness, and

(5) reduced expenditures on activities or products that would spdgifibetrease
the risk of contracting the disease that is prevented by vaccination

These benefits represent the private hardships caused by choleramsgniptaddition to the

private benefits of direct protection, vaccination leads to public betiefit accrue to the entire
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community in which the vaccinated persons reside. These public benefitsrora reduced
public expenditure or via indirect protection:
(6) reduced government expenditure on subsidized treatment for the disease
prevented,
(7) indirect protection (a decrease in disease risk resultorg feduced exposure to
infected community members or other disease vectors), and
(8) macroeconomic benefits due to increased tourism or trade thaesdyfrom a
decrease in cholera prevalence.
The indirect protection benefits (7) are essentially the semtie direct protection benefits
identified in (1-5), except that the decrease in hardships resuftséduced exposure to disease
(indirect protection) rather than direct vaccine protection. Thuggeittddrotection benefits
accrue to the whole community while direct protection benefits onlyad¢o vaccinated
persons. The government treatment cost savings (6) represent énengent contribution to
subsidized treatment at public clinics, which can vary between 0-1008tabifreatment costs.
The macroeconomic benefits would accrue if tourism or trade increasaesdt of a decline in
cholera incidence. The seafood industry may be especially affected bpqeed cholera in
Bangladesh. It is unlikely that macroeconomic benefits would result ifrehedecination were
limited to the Matlab area exclusively.
Vaccination costs include...
(1) manufacturing costs,
(2) transportation costs from manufacturing sites to local distributies, s
(3) refrigeration and storage costs at distribution sites
(4) building rental or construction costs (if cholera vaccinatiamota be absorbed
into existing vaccination infrastructure),
(5) Labor costs to administer vaccines to recipients.

In addition to provider costs, vaccine recipients incur the followingcost
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(6) productivity and leisure losses due to time spent travelingndownaaiting at the
clinic,

(7) transportation costs if buses, cars or other vehicles are used,

(8) pain and suffering caused by vaccine side effects or injections.
Any vaccine user fees paid are considered to be a transfer pdyomengaccine recipients to
providers. The average cost per vaccinated individual is the sum of tagepeovider and
recipient costs.

While there are many economic analyses of vaccines available in pdbitshature,
few incorporate private vaccine demand functions or herd protextiverage relationships. The
journal, Pharmacoeconomicss devoted to economic analyses of health interventions including
vaccines. An excellent review of research in developing countries basbmpiled by Walker
and Fox-Rushby (2001). There is considerable heterogeneity in the methods emedlict
economic analyses. Methodological discrepancies primarily adsedifficulties in benefit
estimation and/or a lack of the data necessary to conduct analysag.le impossible to
explicitly account for all the costs and benefits of a vaccination anggnowever, there is no
consensus in practice as to which costs or benefits must be included or hmntify ghem. The
remainder of this section examines the strengths and weaknesses of ajgpimagshes to the
economic modeling of vaccination programs. The most common methods include cost
effectiveness analysis, cost minimization analysis, cost wdifigtysis, and cost benefit analysis,
listed in order of increasing complexity.
Cost effectiveness analysis is the simplest method, and requireatestwhl) the

provider costs and 2) the public health outcomes of the vaccination progPaatgams are

assessed based on the expected cost per unit change in health outcomess Bxagtie

?In this section, | use cost utility analysis toerefo analyses that examine the cost per disaitijusted
life years. This is because the DALY is a utilitgded or subjectively determined unit. In contrdefths
and cases are objective units of measurement, whiefer to as cost effectiveness analysis. In the
literature, cost effectiveness analysis and cadliytainalysis are often used interchangeably.
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effectiveness metrics include the cost per case avoided, the costtpesivaeded, or the cost per
hospital-day avoided. After calculating the cost per outcome, the least cadtlyihterventions
are prioritized. However, these metrics typically omit importantfitsn&he cost per case
avoided metric omits differences in the severity of disease. Th@eodeath avoided metric
neglects the impacts of long term disability and the economic benefitsadsdagith reduced
pain and suffering. The primary advantage of cost effectivenessanialgimplicity due to the
avoidance of assigning monetary or utility values to health outcomesgarcofitroversial
endeavor.

Cost minimization analysis evaluates health interventions baséyl @ola comparison
of expected vaccination provider costs and expected public treatmestciogs. Vaccination
programs are deemed worthwhile if expected treatment cost savings expeette vaccination
costs. Obviously, this approach completely ignores the private benefitestadtvaccination.
This approach is also poorly suited for countries that do not use public usulssidize
treatment, especially if potential vaccine recipients do not haveamsel The advantage for this
approach is again simplicity; only the public sector benefits and costsmieedjtiantified.

Over time cost effectiveness analysis and cost minimizationsasdlgve become less
common in the published literature, primarily because of the limitatr@mioned above.
Presently, cost benefit analysis and cost utility analysis are gefeecause of their more
comprehensive treatment of vaccination benefits. Cost utility asaiyscally estimates the cost
per change in a standardized utility measure such as the cost pertdiadhibted life year
(DALY) saved. A DALY is defined as the discounted sum of the life-yeatsdqeemature
mortality and the severity-adjusted mental and physical disutilitysebde (Russel et al., 1996;
(WHO), 2003).

The World Health Organization has developed a standardized set of mesdeli
estimating the number of DALYs saved by a particular intervention ((WHOR)208is

approach can be described in four steps. The first step sums the expected nufebgraotl
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saved by the intervention, which depends on the disease mortality ratfettieemess of the
intervention, and the age distribution of lives saved (i.e. such thainiagéfe expectancy is
greater for children than for adults). The second step sums the amtiurg phtients experience
the symptoms of disease, including long term disability for chronies#las or for disabilities
that persist after an illness is cured. The third step incorp@atesling factor that assesses
guality of life impairments caused by the disease in addition to longdisehility caused by
disease. This scaling factor is designed such that slight discomfat¢dsclose to zero, and
complete incapacitation (such as coma or chronic excruciating pain) wouwtbbeclose to one.
The scaling factor is typically determined based on surveys that askdesnts how they would
trade off a greater number of years spent with the disease (asahdity caused by the disease)
relative to a smaller number of years spent healthy (Ware Jr., 1987; Broo@eG184att et al.,
1993; Russel et al., 1996). For example, would the respondent prefer to live 5 arsreiye
ovarian cancer or 3 more years in perfect health? Finally, the life yaaed and the disability
adjusted life years saved are discounted depending on 1) when the imdars&itects occur

and 2) the future life span of the person saved. Thus, the calculation eenjlostsnents for life
expectancy, future time, and severity of impairment caused by diseaseitysweights for some
diseases are maintained by the World Health Organization to ensure coysastass studies.
(Fox-Rushby and Hanson, 2001; (WHO), 2003). A DALY weight of 0.105 is cited for diarrhea,
although there is no cholera-specific DALY weight.

Though considerable effort has been put into this approach, published papeaits exhi
significant discrepancies in the way DALYs are calculatedi€S, 2005; Beutels et al., 2007).
These discrepancies include the use of different severity, disemaior age weights. Some
studies subtract public and private treatment cost savings from thidgrrowst, resulting in a net
cost calculation. Many cost utility analyses have omitted herd immumégtefentirely (Beutels
et al., 2002; Beutels et al., 2007; Cook et al., 2008; Kim et al., 2009). Otheresralysrporate

herd protection data from other sites for a pre-specified coverag@ranstrong et al., 2007;
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Lee et al., 2007; Lloyd et al., 2007; Jeuland et al., 2009). The confusion causddrenckfs in
approach is often compounded by the authors’ omissions of the assumptiomsitieen their
calculations, making it difficult to draw conclusions across studiesk@iVand Fox-Rushby,
2000; Beutels et al., 2007). Critics of the methodology also point to isstetheiheoretical
validity of the DALY as a welfare measure (Bala and Zarkin, 2000; DaldrEdlin, 2002). For
example, there is no way to examine how health preferences change overdithesthtus, or
income (Klose, 2003).

Cost benefit analysis (CBA) requires monetization of the costs and berfiefits
vaccination program. A vaccine program would pass a cost-benefit tiatst ibenefits exceed
total costs. A benefit-cost ratio can also be calculated by dividiabldenefits by total costs.
This ratio can be used to prioritize interventions, such that those witligthest ratios would be
pursued first. The assignment of monetary values to benefits is bathltldhd controversial
(Klose, 2003). Returning to the numbered list of benefits, estimation of publpriaate
expenditure on treatment (1 and 6 above) is relatively straight+fdravel non-controversial
(e.g., (Cookson et al., 1997; Fischer et al., 2005). The estimation of productingy@above)
adds another layer of complexity, but is still common (e.g., Bahl et al., 2004; Cegggber
2004). Reductions in treatment expenditures and productivity losses camiagessfrom
surveys with patients and reviews of public facilities’ operatiegnas. The expected annual cost
of illness per person can be estimated by multiplying the averagef dbsss per case by the
change in disease incidence resulting from the health interventisrstiaightforward to
monetize these benefits, which would represent a lower bound estimaeredition benefits.

Private averting expenditures (5 above) can also be estimated fraegssurvcontrast to
COl studies, it would be important to also interview previously uninfectesbpgrIt may be
difficult to isolate averting expenditures for cholera relatovether types of diarrhea. After
receiving a cholera vaccination, it would be unwise for recipients to stoppdittg to avoid non-

cholera diarrhea.
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Valuations for reductions in pain and suffering or mortality risk redost{3 and 4
above) are both cognitively and empirically difficult. In addition, attengptatue mortality risk
reduction have often been challenged on moral and ethical grounds by authors wigaithisliev
immoral to attempt to assign values to human life, even on a statistisa({teiszerling, 1998;
Heinzerling, 1999; Heinzerling, 2000). Much of this objection appli¢gse@overnmental
regulation of the environment, in which persons have no say about the deletagaatsion
their health. Thus, controversy may be reduced for preventative healthrmpsotprat aim to
improve health of participants in contrast to environmental degradatiiech Warms health of
affected persons. The estimation of indirect protection benefitsol#eais often complicated by
a lack of empirical epidemiological data.

Many published economic evaluations of vaccine programs in developing csiatvie
been mislabeled as CBA, when in fact, the authors used a cost minimizatisisafigythey
assess whether vaccines were more or less costlgxhamepublic treatment expenditure). In
their review, Walker and Fox-Rushby (2000) found that 13 of 23 evaluations label&ha
were actually cost minimization analyses (i.e. these studies aleiylated benefit number 6 from
the list above). Thus, vaccination programs were only deemed worthwihiéy ifdved money
from the health provider context. Any program that is cost-saving froqrtdweder perspective
would definitely pass a benefit-cost test. However, it is also possibéedrogram to pass a
social benefit-cost test even if it is not cost-saving from theigeoperspective. Thus, these
studies should not be labeled as CBA. At best, they might confuse the audienorst, the
omission of these benefits can introduce considerable bias in thegionsldrawn (Fox-Rushby
and Hanson, 2001). For example, if mortality risk and/or pain and sufferinglecatsons are
omitted from an analysis of a disease with high case fatality ratesgpterm disability rates,

benefit estimates would be greatly underestimated.
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3.2 Stated preference studies of cholera vaccines in developing countries

In the previous section, | report that most monetary estimates of vaeneéts are
incomplete. Cholera vaccines are sparsely available in cholera ierateas. Historically,
cholera vaccines have been provided in vaccine trials or free of chatgeeloping countries.
The use of stated preference studies to estimate vaccine beregfiedavely new approach in
the literature. The two most common types of stated preference stu@ntngent valuation
(CV) and stated choice surveys. CV studies typically use surveys &s agsether respondents
would be willing to purchase a carefully defined vaccine at a specifie. @riee design of the
valuation scenario must ensure that respondents understand the impoitanesif the specific
vaccine. In addition, respondents must be encouraged to consider the purchaseatecis
realistically as possible relative to their existing budget conssrérrow et al., 1993; Carson,
2000). The valuation can be based on a yes/no response to a single price or a saréss dhp
use of a single price is more representative of a real world purchasisgdewhile a series of
prices allows for a more tightly bound estimate of the valuation for easbrmpgAlberini, 1995).
If the single price approach is used, the researcher will randesdgénously) assign one of a
carefully designed set of prices to each respondent. The use of CV thitoresearcher to
estimate a household demand curve as a function of price for the vaddimdemand curve can
then be used to calculate an average willingness-to-pay for vabeised on consumer surplus
estimates.

Historically, stated preference studies have been used by environewamists to
value the public benefits or costs of changes in environmental quadityqi@; 2000). The use of
CV for health interventions has recently become more common, although mahy healt
economists still favor the cost utility approach (Dolan and Edlin, 2002; KX€3; Lancsar and
Savage, 2004). In fact, most economists dismiss stated preferentestoecause respondents

are not bound to follow through on their stated responses (Arrow et al., 1998nC2000).
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Vaccine CV surveys may inquire about demand for the respondent only (e.g.,
(Whittington et al., 2002; Whittington et al., 2003), the respondent’s houselmldImpper et
al., 2004; Canh et al., 2006; Islam et al., 2008; Lucas et al., 2007), one of the respondent’s
children (e.g., Hsu et al., 2003; Prosser et al., 2004), or all children in theuoityn(e.g.,
Prosser et al., 2004). Theoretically, analysis is most straightidfeaestimating the
respondent’s own WTP because there are no constituency concerns abitaggsifor others. In
contrast, household demand studies are complicated by the fact that eeekens would be
required to make valuations based on the preferences of others.

Surveys that measure WTP for cholera vaccines would be inclusiifatfir types of
the private benefits identified in Section 3.1. Respondents should considletheke benefits
when stating whether or not they would purchase at the offered price. Ifti@ates of WTP for
vaccines are accurate, this approach is better than attemptingnatesach benefit separately.
Comparisons of WTP and COI estimates are available in some aities COI estimates
exclude valuations for reduced pain and suffering and reduced mort&jty$ estimates
should be greater than COI estimates. For example, household WT&estion a 100%
effective, 1-year duration malaria vaccine were about twice as agahe expected household
COl in Tigray, Ethiopia (Cropper et al., 2004). In one study, Hsu et al. (2003 atdithat
WTP for a varicella vaccine was actually less than their agtiof private COI; however, their
survey only included recovered patients and it was unclear for whom ttieevamuld be
purchased. Note that varicella (or chickenpox) patients achietimifémmunity after recovery;
thus, there is no need to purchase vaccines for children that have alréadddudm the
disease. It should also be noted that varicella symptoms are much meyeea®y mortality risk
is greater if contracted later in life. Since vaccine effectisemeanes with time, prospective
purchasers may prefer that their children contract the disealeeywhing to acquire lifetime
immunity and avoid the more severe symptoms that would be experienced if teahlager in

life.
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My research group has conducted a number of CV studies of cholera vaccaredem
several of which have been published in the literature (Lucas et al.,|12@07 et al., 2008; Kim
et al., 2008; Whittington et al., 2009). These studies were conducted aktpartnternational
Vaccine Institute’s Diseases of the Most Impoverished (DOMIlfidisciplinary examination of
cholera and typhoid disease burden and attitudes toward vaccination. | am mobBavgr other
cholera vaccine WTP estimates. The results of the cholera vatatties are summarized in
Table 3.1. Incidence was highest in Beira, Mozambique and lowest in Hue rvid¢tndue,
public vaccination programs in 1998 and 2000 achieved 75-80% coverage of reaiugnts,
reduced incidence to almost zero during the period from 2000 to 2003 (Thiem et al., 2006). A
vaccine trial was also undertaken in the bairro of Esturro in Beira, Mbgaein 2003. The trial
covered 57% of the bairro and conferred 75-85% protection for recipients irstt@rfionths.
Thus, respondents in these studies should have previous experience igith ¢hccines. It is
unclear how the trials may have influenced WTP estimates; trigdipants may expect free
vaccines or they might suspect that their trial vaccines arerstillding protection, which would
have rendered another vaccine unnecessary.

The Beira and Kolkata private demand studies incorporated ddithék approach for
survey respondents. This methodology uses a series of two intervialisaitgespondents to
spend overnight considering their purchasing decision. This has reducattdefative to
standard treatment among DOMI studies, and contributed to the loweegtintate for Beira
(Cook et al., 2006; Islam et al., 2008; Lucas et al., 2007; Whittington et al., Z0@%lue study
collected data in a single interview. Thus, it is difficult to clisecompare Hue estimates with
Beira and Kolkata results. The Hue estimate is greater thafothéblkata or Beira. This could
suggest that income is more important than incidence. However, it istamptar note that the
Hue study was conducted during the first cholera outbreak after thefuteascination
campaigns in 1998 and 2000. This might have led respondents to believe a choleri eyadem

in progress.
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Table 3.1. Comparison okx ante COl and WTP estimates from DOMI project sites

Location Annual | Annualex-anteCOI | WTP per Time-to- Self reported
incidence | (US$)? person (US$)| think (y/n) | annual
(1/12000§ | Private Public household

anome (USS$)

Hue, Vietnam | NA NA NA $7.4¢ N $1,200

Kolkata, India | 1.6 0.02 NA $2.7 Y $700

Beira, 2.4 0.08 0.11 $14 Y $800

Mozambique

& Data taken from Poulos et al. (2008)

® All income measures are from the WTP studies. Emfrom COI studies would be biased if the
infected population is significantly different thére rest of the population.

“Large scale cholera vaccine programs were condict®®98 and 2000. As a result, cholera incidence
was reduced to near zero for a number of years frian outbreak in 2003. There were not enougbscas
to generate COI or incidence estimates.

4Data taken from Kim et al. (2008)

Data taken from Whittington et al. (2009)

"Data taken from Lucas et al. (2008)

Both privateex anteCOI and private WTP estimates are available for Beira and Kplkat
India. The estimated WTP was about 150 times greater than annual COkatakanhd about 20
times greater in Beira. Together, these results suggest thaepCi@ estimates compose a small
fraction of total private benefits. The Hue study included fodewdiht cholera vaccine scenarios,
which varied in expected efficacy and duration. These included (1) thnb&®%6 effective, 3-
year duration vaccine, (2) a 70% effective, 3-year vaccine, (3) a 7éetief, 20-year vaccine,
and (4) a 99% effective, 20-year vaccine. The order from 1 to 4 should rardeitheswaccines
in terms of desirability as longer lasting and more efficacious vacshwmgd provide more value
to consumers. However, there was only a slight increase in stated Hdus@Hd (US$40 for the
least desirable vaccine compared to US$50 for the most desirabileeydtém et al., 2008).
This might suggest that some respondents had trouble understanding theavietes’
descriptions of vaccine effectiveness and duration. It could alsestuggery high discount rate

for future protection.
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The stated choice approach is the other common type of stated prefergagelsur
stated choice surveys, respondents typically are presented with 4 quaitengse sets of
alternative vaccines and are asked to choose which one of the pair they wharldTie choices
sets are variable in attributes (e.qg., price, effectiveness, duratieefiects, and convenience of
vaccine receipt). By analyzing the repeated choice tasks, ressactahequantify the value of
vaccine attributes based on tradeoffs between attributes and vadoase(biall et al., 2002;
Cook et al., 2006). The Cook et al. (2006) stated choice study was performedamthareas of
Hue as the Kim et al. (2008) cholera vaccine CV study. This study all@vedrhparisons
between respondent valuations for cholera and typhoid vaccines with vatyimgtes. They
found that cholera vaccines are preferred to typhoid vaccines and tbiaeveitectiveness was a
more important attribute than duration. The Cook et al. WTP estimaté&b@8haffective cholera
vaccines was close to zero, which was much less than the estimate fiom$hely. Since all
WTP estimates in the stated choice experiment are evaluatéderedadther choices, it is
difficult to directly compare estimates. In contrast to the CV resuitmdividually presented
vaccines, this might suggest that prospective purchasers would spemi®i@sigimore on a
more effective vaccine.

There has been little effort to estimate vaccine demand under vargidgnce rates. In
Table 3.1, there is some variance in incidence rates, but there aremis@ithdifferences in
socioeconomic status, cultural beliefs, and health system opefEttiene are some studies that
examine influenza, pneumococcal, and/or measles vaccine uptake rais teldisease
incidence or mortality rates in previous years. However, it is not possignerate WTP
estimates from these studies because the price was not variabletidn S5, | examine these
studies as part of the economic epidemiology literature reviewintipigrtant to note that | am
not aware of any attempts to estimate the indirect protection benefas@hations relative to

direct protection benefits.
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3.3 Review of value of statistical life literature

It is usually preferable to directly estimate benefits for the vacdimgevest as
demonstrated in Section 3.2. However, this requires consideradnetefbbtain separate
estimates in each location of interest. In Section 3.1, | identifiegfivgary private benefits of
vaccination, including mortality risk reduction. If | can estimatemegic value for the population
average willingness-to-pay to reduce mortality risk, this gewatiee could be standardized
across interventions based on the magnitude of risk reduction. Privatsti®dtes are already
available for Matlab. | can compare the direct cholera vaddiiE estimates to the value et
ante COl plus a generic mortality risk reduction WTP estimate aftersadp the generic risk to
the cholera-specific risk. In this section, | examine the mortalityreidlaction WTP research.

A number of studies in the developed world have attempted to estimate thefvalue
reduced mortality risk (for excellent reviews, see (Hammitt arath&n, 1999; Mrozek and
Taylor, 2002; Viscusi and Aldy, 2003; Blomquist, 2004). Three methods commoplgyad for
this purpose include (1) hedonic wage or compensated wage studies, whicrerheasu
employees trade off higher wages for riskier jobs; (2) statddsprece techniques, which use
surveys to ask how much respondents would pay for hypothetical products that coutdisdduc
of death; and (3) averting-expenditure studies, which examine how much people spead in t
and money on products that reduce risk of death (e.g., seatbelt and bicycleuselnsat safety).

The hedonic wage literature is the most widely implemented of the thpesaapes and
includes studies in some less developed countries. However, results asd\giméied to male
blue collar workers facing risk of death by accident. The avertipgraliture studies include
some estimates of parents’ values for risk reductions for theitrehjlbut the method is limited
by risk misperception and difficulties in valuing the non-monetanytitity of averting behaviors
(e.g. time expenditure and discomfort from helmets, seat belts, and carBstatgates from
stated preference studies are also available for some lesspaletuntries and avoid some of

the limitations of hedonic wage and averting expenditure product studiesveiguhese may
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introduce bias if respondents are not properly informed of risk magnitudes auséeeople are
not bound to actually pay for the hypothetical risk intervertion.

The average WTP per person divided by the magnitude of risk reduction per isettse
normalized value of a statistical life (VSL) or population totalP\Jer expected life saved. The
United States Environmental Protection Agency (USEPA) has used a V3$6f Umillion
when monetizing the value of reduced mortality risk in its analyses pbkittion programs
(Alberini et al., 2004a). In Europe, Environment Directorates-General sdfGst benefits for
age, health, and cause of death and uses a central VSL measure of €1 nliléoini(ét al.,
2004a). Mortality risk reductions often contribute the main benefits dthhesrad environmental
initiatives; VSL estimates from less developed countries would baldsetonducting cost
benefit analyses.

Table 1 presents results from illustrative hedonic wage, stadéet@nce, and averting
expenditure studies, with special emphasis on meta analyses, studlasted in developing
countries and of parents’ valuations for reducing their children’s ntgrtedks. If available, |
report the magnitude and type of risk reduction considered, average anraadual household
income, as well as a ratio of VSL to annual household income. The V8tame ratio is useful
for identifying trends in VSL amongst high and low income countries and fatifidag outliers.

Generally, the highest VSL estimates (both in value and ratio) have beareddrom
hedonic wage studies. Viscusi and Aldy (2003) provides the most comprehengive of
existing work and reported that the median VSL in the United Stateyeas2000) US$7

million based on the most reliable studies. Thus far, very few hedonicW@&igstudies focus on

3knetsch (2004) points out an important distinctimetween these methods. The hedonic wage studies
measure willingness to accept (WTA) increased nitytesk in exchange for higher wages. In contrast
the stated preference and averting expenditure adsttimeasure willingness-to-pay (WTP) to reduce
mortality risk. WTA measures are bound by the maximum wages or minimsiknavailable; WTP
estimates are bound by family income. In gener&@l \éstimates based on hedonic wage studies (i.e.,
WTA measures) tend to be higher than those basatiated preference and averting behavior studies (i
WTP measures), although exceptions do exist.
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the developing world, although there were three estimates for India aheéfootTaiwan. The
VSL estimates from the United States are significantly higherttiea® from India, which range
from US$150,000 to 360,000 in 1991 USD (Simon et al., 1999) to US$3 million in 1990 USD
(Shanmugam, 2001). Liu, Hammitt and Liu (1997) provided an estimate of US$150,000 to
360,000 in US$1986 based on a study in Taiwan. The VSL to wage ratio for the Indiag,stu
especially those by Shanmugam, are much higher than most others in Table lisBathand
Aldy (2003) and Mrozek and Taylor (2002) report income elasticity of VSmasts in the
range of 0.45 to 0.6 based on a review of international studies. The estiroatesimon et al.
and Liu et al. appear to be consistent with such estimates of the in@stietglof VSL (this is
not true of Shanmugam’s studies

Mount et al. (2001) use a model that examined family composition in the tohtex
tradeoffs between car safety and automobile purchase price and main@osirioeestimate
families’ WTP to reduce mortality risks for all members, and thenltwlede average VSLs by
age group. They generate roughly equivalent VSL estimates for parentsldrehoof (1997)
US$2.6 to $7.7 million. Carlin and Sandy (1991) and Blomquist, Miller and Levy (1996) examine
parents purchases and uses of child car safety seats to examinMSliklren. Carlin and
Sandy’s estimate is much lower because they do not attempt to place a ynesietaon the
time and disutility costs to parents when placing children in the ats>s&dditionally,
Blomquist et al. provide a comparison between adults and children and repdist iger VSL

estimates for children less than 5 years of age compared to other age gnokips, Owens and

“Shanmugam (2001) extended the work in Shanmugaf0f2y adjusting for individuals’ abilities to
select their jobs based on the assumption that saayehave unobserved attributes that allow thewmdxk
more efficiently in risky occupations. Using a difént econometric procedure, his VSL estimate aszd
about three-fold to US$3.0 million. This approactiesUS estimates and demonstrated the sensitilvity
results to underlying model assumptions.

®Because all states have passed laws requiring shiiédy restraints (either carriers or boostersjdat
children 4 years of age or less, | can infer thatfublic agrees that the societal value of maytak
reductions provided by car seats exceeds theis.cost
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Wiggins (2001) estimate lower bounds for VSL based on aggregate dateyfie lhielmet
purchases, prices, and uses. Their VSL estimates are slightly faghdults, although it is
important to note that helmet prices tend to be considerably gfeasatults than for childreh.

The VSL-to-annual-income ratios for the averting behavior studies @ammary of
averting behavior studies conducted in the United States, refer to Blom@@4))(are generally
lower than the median US hedonic wage estimate from Viscusi and Aldy (2a88¢ver, the
ratios from studies that attempt to account for the disutility of usifegysequipment and make
adjustments for perceived versus actual risk (e.g., Blomquist £086; Mount et al., 2001) tend
to be higher and approach estimates from hedonic wage literature. Althougtiveefi
conclusions cannot be drawn from these few studies, it appears that f8atestior children
are quite similar in magnitude to those for adults.

Relative to the hedonic wage and averting behavior studies discussegdtabmstated
preference VSL estimates tend to exhibit more variation and depend oadghiude of risk
reduction presented in the hypothetic scenario. The North American and Eusopearios from
Alberini et al. (2004a) and Alberini, Hunt, and Markandya (2004b) presemineral purpose”
scenario in which the hypothetical product reduce risk of death from all caheedS VSL
estimates from (Alberini et al., 2004a) are lower than those reportethi&r methods as
summarized in reviews by Viscusi and Aldy (2003) and Blomquist (2004) above.

In contrast to the “general purpose” studies, with the exception of Mahmud (2@99),
studies from less developed countries are based on hypothetical proteretsitons that would
reduce risk from one specific cause of death. While the use of spetdfieeintions (e.qg., air
pollution, SARS, etc.) present a more realistic contingent valuation szetharbaseline

mortality risk from one cause necessarily become much smallevediatiisk from all causes. It

®The range of prices for youth helmets is US$9 1 §@mpared to US$25-135 for adults. Because of the
large difference in price for the two age groupss hard to estimate accurately the differenc@/ifP for
mortality risk reduction for children in comparistmadults. These estimates are also very sensitive
assumptions regarding the useful life of a helriet,amount of protection provided by helmets, doad t
allocation of the helmet’s value between injuryyengtion and death prevention.
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is more difficult to communicate a small change in risk comparecettather general risk
scenarios. In addition, the use of specific causes of death might infiesudts if those causes
are dreaded, like cancer, or somewhat avoidable, like traffidexttsi (Subramanian and Cropper,
2000). Thus, there is a tradeoff between providing a more realistic&¥rsa and an easier to
understand change in mortality risk when choosing between general and spiifEntion
scenarios.

Bhattacharya, et al. (2007) estimate VSL for commuters in Delhi, lod&duce their
risk of death from road traffic accidents. As might be expected, they fihgelople who
commute to work have the highest WTP for improved safety and estimatedt\éBbut
PPP$150,000 (US$30,000). The ratio of VSL to average household income (US$3,000) in Delhi
is low relative to most of the other studies, but within the general rahgestiidy by Mahmud
(2009) is the only known stated preference study for mortality risk reduét@nsBangladesh
and is the only study from a rural area. It is based on a CV scenario for waitypithetical
intervention (a series of vaccinations) reduces a respondent’sneassii of death from all
causes by either 25% or 50%. This is a much larger change in baseline rifk #ranof the
other studies. In addition, the scenario required an up-front payment for dirseofeprotection,
while other studies used an annual payment mechanism. The use of the laggeichimseline
risk in addition to the 5-year up-front payment requirements are prolvepy factors in the
very small VSL estimates from that study, US$1,300 to 2,500 in US$2003. The V8htala
income ratio of 1 to 2 is by far the smallest ratio observed from any efutiees reported in

Table 3.2.
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Table 3.2. Summary of relevant literature for VSL redonic wage and stated preference studies

Researcher

Location, date, and data source

Average risk

Average annual

VSL estimate

VSL to annual

(10°) wage (US$) (US$) wage ratio ($/$)

Hedonic Wage Studi

Viscusi and Aldy 2003 US subsample, 2000 01-2 30,000 7 million 230
Summary of studiés

Liu et al. 1997 Taiwan, 1982-1986 2.25-3.82 4,16(0100 135,000 - 600,000 33-130
Taiwan Labor Force Survey

Simon et al. 1999 India, 1985-1991 1.5 1,150 130;0860,000 130 - 310
Occupational Wage Survey and
Annual Survey of Industry

Shanmugam 2000 Madras, India, 1987-1990 1.0 600 5 Ql7million 1,250 - 1,700
Survey of blue-collar workers

Shanmugam 2001 Madras, India ,1987-1990 1.0 600 illidm 5,000
Survey of blue-collar workers

Averting Behavior Studi

Blomquist 2004 US subsample, 2000 Not reported (80,0 1.7 - 7 million 60 - 240
Summary of studiés

Mount et al. 2001 US hedonic study of 1997 vehicle 7 - 50 34,000 3.4 - 6.4 million 100 - 190
fatality rates and costs (adults)

Mount et al. 2001 US hedonic study of 1997 vehicle 7 - 50 34,000 2.6 - 7.7 million 75 - 230
fatality rates and costs (children)

Blomquist et al. 1996 Adult car seat belt use 5 ,0Q2 1.7 - 2.8 million 75-130
with time and disutility costs, 1983

Blomquist et al. 1996 Child seat use (under 5 yehege) 10 22,000 2.3 - 3.7 million 100 - 160
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Researcher Location, date, and data source Average risk Average annual VSL estimate  VSL to annual
(10°) wage (US$) (US$) wage ratio ($/$)

with time and disutility costs, 1983

Carlin and Sandy 1991 US, 1985 IN survey of chdd c 10 23,000 430,000 - 550,000 19-24
seat use; crash safety data in WA

Jenkins et al. 2001 US, 1997, aggregate bicyclmdtel 0.55 37,000 2.0 - 4.0 million 54 -108
price, use, and protection (adult) (lower bound)

Jenkins et al. 2001 US, 1997, aggregate bicyclmdtel 0.4-0.6 37,000 1.1 - 2.7 million 30-70
price, use, and protection (children) (lower kahun

Stated Preference Studies

Alberini et al. 2004a Canada, 1999 and US, 2000 1 7,000 - 53,000 0.9 - 1.5 million 19-28
General 5 47,000 - 53,000 3.7 - 4.8 million 7D-9

Alberini et al. 2004b UK, Italy, France, 2002 1 @aQ 2.5 million 60
General 5 41,000 1.1 million 28

Vassanadumrongdee and Bangkok, 2003 0.3 9,000 - 11%million 150 - 170

Matsuoka 2005 Traffic accidents and air pollution 60 9,000 0.9 million 100
Bhattacharya, Alberini, and  Delhi, 2005 4-30 00B, 30,000 10
Cropper 2007 Traffic accidents

Hammitt and Liu 2004 Taiwan, 2001 0.2-0.8 14,000 0.5 - 2.2 millioh 36 - 160
Lung and liver cancer/ non-cancer

Liu et al. 2005 Taiwan and Taipei, 2003 0.18 13,000,000 4.7 - 11 million 220 - 850
SARS 0.6 13,000 - 21,000 2.8 - 6 million 130 - 460
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Researcher Location, date, and data source Average risk Average annual VSL estimate  VSL to annual

(10°) wage (US$) (US$) wage ratio ($/$)
Bangladesh, 2003 7.5-%45 1,200 2,300 2
Mahmud 2009
General 15 - 9o 1,200 1,300 1

2Viscusi and Aldy compile a number of studies. Tisk reduction, average wage and VSL are rangesshder conversion to 2000 US$.

®Blomquist compiles a number of studies. The riskuation, average wage and VSL are ranges showncafterersion to 2000 US$

Average household income is not reported in theystlihe income reported in the table is taken f(ohs. Bureau of the Census 2004).

4Risk of death is calculated based on the sum ké fism 1-car, 2-car, and multi-car crashes. Tlferdinces in risk are based on the average risk for
different categories of vehicles.

®Estimated VSL is calculated by average VSL for 200,000 and 8 in 100,000 risk reductions. Sepastimates for each magnitude of risk
reduction are not available. Only median VSL valassreported

"The risk reduction used was either 25% or 50% efdtaseline risk by age group. Hence, differentgagaps received different magnitude
reductions. Estimates based on subjective risk aisemade, but | only include estimates for olbjectisk.



Vassanadumrongdee and Matsuoka (2005) provide VSL estimates from Bangkok
Thailand and find no statistically significant difference in VSL eatés for reducing risk from
traffic accidents compared to air pollution-related cancer. In contfasmitt and Liu (2004)
find a reduction in cancer risk is preferred to a change in risk froitestal death. Liu et al.
(2005) present very high VSL estimates based on reduction of mortalifyomsiSARS;
however, the surveys were performed during an epidemic, which may halted-és great
uncertainty regarding the future incidence of disease.

The ratios of VSL to annual household income tend to be lower for the stataémpeefe
studies relative to other methods, with the exception of the SARS stuelyafios also appear to
be sensitive to the magnitude of risk reduction; the use of smaller hiipatinisk reductions
results in larger VSL estimates within a given study. The onlydspaference study that
examines parents’ willingness-to-pay to reduce their childréskof death is from the United
States (Dickie and Gerking, 2003; Dickie and Gerking, 2008)is dissertation reports the first
stated preference estimates of parents’ WTP to reduce theisatislkl’'of death from a less

developed country.

3.4 Cholera vaccine economic evaluations
This section examines eight economic evaluations of cholera vacchrieb,ave

summarized in Table 3%2The first five evaluations were performed prior to the DOMI project

"Dickie and Gerking (2003) tested parents’ WTP fatective sunscreen that would reduce morbidity and
mortality risks of skin cancer for themselves ameirt children in the US. They found that parentsewve
willing to pay about twice as much to protect ttaiildren than to protect themselves. In addittbey

found that parents’ stated WTP was about twentgsigreater for mortality risk reduction than fonno

fatal skin cancer risk reduction. They could notalep a VSL estimate comparable to those above,
because of the latent nature of mortality risk frekin cancer, especially for children. The resfuttsn this
study are similar to two studies that examine paf@ TP to avoid an episode of illness for theiildten.

Liu et al. (2000) and Dickie and Messman (2004hldound that parents were willing to pay more foeo

of their children to avoid an episode of illnesarttor themselves. In both studies, WTP was alvaigetas
high for very young children as for their parenhbs ratio decreased with age of the children.

®The first five studies were initially identified iCook (2007). Each of these studies have been
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and are more simplistic than the DOMI analyses. Of these five #ne two cost effectiveness
analyses, two cost minimization analyses, and a single cost utditysas. None of these
analyses account for herd protection. The last three studies include f@MIresults and are
considerably more thorough. Each of these studies accounts for herd protection antdfv
three incorporate private demand considerations. The remainder adhaprovides more
detail regarding each study.

MacPherson and Tonkin (1992) report the cost-effectiveness of vaogihmirth
Americans traveling to cholera endemic areas based on a 50%-effdutileecell killed vaccine
that costs C$28 per fully vaccinated person in (1992 US$). Further, they assusoentha
recipients would have adverse reactions to the vaccine including fealarsen and headache.
Their estimates are based on a 1 in 500,000 risk of contracting cholera flarsrémewhich
there would be a 1% case fatality rate. They find that preventing onendeseeiers costs C$28
million, and recommend that travelers not be vaccinated. Given the 1% fiattd, it would cost
C$2.8 billion to save one life, which is greater than any of the estimatented in Section 3.3.
They suggest that the vaccine might be cost-effective for somearavelvery high risk
epidemic areas (e.g., a doctor working in an area with an epidemic). ddyssnot
representative for residents of the Matlab area.

Naficy et al. (1998) provide a cost effectiveness analysis of foigrelift strategies for
controlling cholera based on epidemic simulations in a hypothetical eebagep in sub-Saharan
Africa: (1) pre-emptive treatment set up at inception of the campe#2jive treatment set up
after an outbreak is identified; (3) pre-emptive vaccination withalavcell killed vaccine; (4)
reactive vaccination; and various combinations of these four strat&@piestudy makes no
attempt to monetize the vaccine’s private benefits. They find thatdise cost-effective strategy
(i.e. lowest cost per case avoided or death avoided) is pre-empéatradre. Adding pre-emptive

vaccination would become more cost effective than treatment aloneciighper delivered dose

independently summarized and reviewed for thisediation.
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were less than US$0.16 per dose, which is not possible for any existingaclaaeine. While
adding vaccination to preemptive treatment costs more per case orwedéuait also prevents
more deaths. They report that it would cost $1,700 per additional deatkdwetdch is quite
reasonable compared to the VSL estimates in Table 3.1. In general,berdéficult to compare
refugee settings with endemic settings because the incidence aatityn@tes tend to be much
greater for refugees.

Murray et al. (1998) examine the cost-effectiveness of the whdl&Hted vaccine both
for a hypothetical refugee population with epidemic cholera and a hypotheticalunity with
endemic cholera. They compare vaccination to a post-infection treatmaeggtand a
theoretical water and sanitation improvement. Water and sanitagwovement is found to be
more cost effective than vaccination in both settings. This conclusiopesdient on the
assumptions they have made. They assume that the cholera vaccineosoul8%6.26 per fully
vaccinated person, and that the annual cost of water + sanitation + hgdigration would be
US$17 per capita (both estimates in 1990 dollars). Their estimatessalsoe that cholera
incidence is about 0.3% of the total diarrhea incidence in an endenmig settl about 2% in an
epidemic refugee setting. In addition, they assume that cholera ngagtaiiout 10% of all
diarrhea mortality in the endemic setting and about 40% in the epidetimg $both without
treatment). They find that combining a treatment strategy with wadesanitation improvements
is the most cost-effective strategy.

I note that the cost effectiveness of vaccination compared to waterratatica
interventions generally depends on the difference between cholera tyantdliall-diarrhea
mortality. If cholera mortality is a large fraction of all diarrheartality, cholera vaccination will
appear to be a better investment. For locations in which cholera mortaligyriall fraction of
diarrhea mortality, it would not make sense to prioritize choleranaiion before other

interventions that would reduce all types of diarrheal disease.
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Using the Matlab area as an example, Sack (2003) compares the existefess of
cholera treatment versus vaccination by performing break-even aafytbe cost per cholera
death avoided using different incidence rates and vaccination costs s8aekes that the
treatment cost per death avoided is about US$350 (based on a 20% dagedi@talithout
treatment versus 0.5% with treatment). He reports that vaccigés lbe more cost effective than
the provision of free treatment if per capita vaccine cost wesatan US$1 or if annual
incidence exceeded 1 in 1,000. However, this analysis ignores the disutilifinancial costs of
illness prevented through vaccination. Also, it may not be necessary to chooserbetw
vaccination and treatment. Instead, one could assess the marginaldfextfing vaccination
efforts to existing treatment programs.

The fifth study evaluates the retroactive use of a live oral va¢cviB 103-HgR) during
the 1992 cholera outbreak in Argentina (Cookson et al., 1997). Although thesstabgled as a
cost-benefit analysis, the authors only consider the avoided publicoftostatment in benefit
calculations. Thus, this analysis is really a cost minimization sisalhe public COI estimates
of direct medical treatment were very high (US$602 per case) during gleetAra outbreak
because their public health system was ill-prepared for the olatfrea authors find that a 75%
effective, 3-year vaccine that costs US$1.50 per fully vaccinatesdip would be cost-saving
from the government’s perspective. These results are of limited alpifiticto the situation in
rural Bangladesh because the public COI per case is about 30 timesMesiain(COI estimates
are presented in section 4.3). One reason for the discrepancy is tiseomdf “managerial
costs” for bimonthly helicopter trips used by medical staff to travdldmttbreak area in the
Argentine public COI estimate. Helicopter flights would not be needdeivatlab area, where
local treatment is readily available.

The sixth study undertakes a cost-benefit analysis of cholera vidmcimaBeira,
Mozambique (Jeuland et al., 2009). This study is based on similar assumptions @k the w

included in this dissertation. Specifically, private willingnesgdy, incidence, and public cost of
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illness data were collected for Beira and Matlab as part of the B®Nés of studies. Further,
the authors incorporated herd protection into their analysis by assumitigetipattern of herd
protection observed for Matlab would be similar to that expected in BeirdBdihee estimates for
WTP, incidence, and public COI are similar in magnitude to those | found foalMazte
Chapter 6 for Matlab estimates).

The authors make parametric assumptions regarding WTP for indiresttmotto
perform cost benefit analyses of three types of programs: school-tzes#ition of children
age 5-14 years, expanded school-based vaccination of children age 1-14 yeaiassan
vaccination of all ages greater than 1 year. For each type of prograanilloes investigate the
implementation of 3 user fees: free, US$1, and US$2.2. The authors ebimetie-cost ratios in
a range from 0.9 to 4.7, depending on program type, user fee, and whether herd protection was
incorporated. The programs with the highest benefit-cost ratiog tdrgaildren age 1-14 years,
but omit adults. In addition, programs with higher user fees tend to have higkét-best ratio
because 1) public COI savings tend to be small relative to program2)08t3 P per person
estimates increase as the price charged increases, and 3) mornetateesf herd protection
benefits are greater at lower coverage rates. The authors also corehsitigity analysis and
report that child vaccinations are very unlikely to fail a beroef#t test even under worst case
conditions.

Next, | summarize the findings of a seventh article that | worked on. Oclegrérforms
a cost benefit analysis of a cholera vaccination program in Kolkatia, and determines an
optimal user fee (Cook et al., 2009). The data used to conduct this anagsitaken from the
DOMI studies performed in Kolkata, India. We found that the socialfiieié vaccination were
much greater than the private benefits at low coverage rateshen.the vaccine is sold at high
prices). Thus, partial subsidies should be used to attain maximiahsemefits. We also
considered a pair of second-best policies in case it was not possiblertoidetthe optimal price

prior to initiation of the program, namely free provision and full-cosimgidn the Kolkata case,
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full-cost pricing would lead to greater net societal benefits tharviregination. Free provision
would lead to the vaccination of too many persons. The marginal impactdtigional vaccine
on community incidence decreased with coverage and would be very srhalh#@ih coverage
rates that would result from free vaccination.

Finally, the eighth study is a cost utility analysis of four siteswiegie included in the
DOMI cholera studies: Matlab, Beira, Mozambique, Kolkata, India, and Nrtdakadonesia.
The data used for Matlab should be about the same as the input data usedssettiegidn. Like
the Beira cost-benefit analysis, the authors examine three age-basiedtian programs:
school-based vaccination of 5-14 year old, expanded school-based vaccinatighysar olds,
and mass vaccination of all ages greater than 1 year. Programs witltémeesge rates (e.g.,
school children only) have lower costs per DALY saved because thenalddngid protection
effect per vaccine is greatest at low coverage rates. Program&emed to be ‘very cost
effective’ if the cost per DALY is less than annual GDP). If herd ptioteeffects are ignored,
none of the vaccination programs would be considered ‘very cost effettweever, when herd
protection effects are considered, school-age vaccination progranaglabM<olkata, and Beira
would be considered ‘very cost effective’. Thus, the inclusion or arclug herd protection
effects have a dramatic impact on cost effectiveness. Since the bierctipn effect per vaccine
delivered tends to be greatest at low coverage rates in endemicastadfectiveness
measurements depend on the number of people vaccinated and who is targetetdabor Ma
specifically, school-based programs for either 5-14 year olds or 1-14 gesarvalld be right at
the ‘very cost effective threshold’, while the cost per DALY savedifiversal vaccination

would be about 50% greater than the threshold.
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Table 3.3. Summary of cholera economic evaluatiorglies”

Study Vaccine type Perspective Setting Key assumsti Conclusions

MacPherson  Whole-cell killed, Cost North Incidence 1/500K, CFR 1%, C$28 million per case

and Tomkin  50% effective effectiveness American Vaccine Cost C$28 avoided, not recommended
(1992) (per case and pertravelers for travelers unless incidence

Cookson et al
(1997)

Naficy et al
(1998)

Murray et al
(1998)

Sack (2001)

Jeuland et al.
(2009)

Cook et al.
(2009)

death)
Live CVD 103-HgR, Cost
75% eff for 3 years minimization

Whole cell killed; 80% Cost-

eff for first 6 months, effectiveness
50% 6mos — 2 years (per case and
death)

Whole cell killed; 50% Cost
eff for children and effectiveness
70% eff for adults for (per case and
lyr death)
Cost utility (per
DALY)

Whole cell killed; 75% Cost
effective for 3 years  minimization
adults, 25% for 3 years
for children <5
Oral killed whole-
cell vaccine (rBS-
WCQC)

Cost benefit

Oral killed whole-  Cost benefit
cell vaccine (rBS-

WC)

Argentina

Hypothetical
refugee camp

Hypothetical
refugee camp
and endemic
areas

Hypothetical
endemic area

Beira,
Mozambique

Kolkata, India

Medical costs per case US$602,
Incidence 2.5/1000, Vaccine cost
US$1.50
Vaccine cost $1.00; Pr[outbreak]=
80%; incidence if outbreak =
37/1000

increases to 1/200
Vaccination program would
be cost-saving from public
sector financial perspective
Setting up treatment facilities
at inception of camp most
cost-effective strategy; could
be supplemented with
vaccination if cost <US$0.22
per dose

Incidence 8/1000 in outbreak, 0.3 —Combining treatment with

3/1000 in endemic; vaccine cost
US$6.3 (epidemic) or US$5.2
(endemic) per immunized person;
outpatient COl US$4.7 per case;
hospital COI $47 per case; W&S
improvements US$12 per person
per year, reduce cholera

water and sanitation
improvements most cost
effective strategy. Add
vaccines only if cost per FIP
falls below US$0.76

Incidence 4/1000 - 20/1000; varied Vaccines cost-effective in
total vaccine costs between US$0.4ndemic areas only if cost

and US$6.4

Vaccine cost US$0.80 — 4.00,

below $0.40 and incidence >
1/1000
Vaccination program is

Incidence 1.4 — 18 cases per 1000, likely to pass benefit-cost if
Public COI US$0-30, Private WTP children are targeted or if
US$0.7-3.20, Vaccine effectivenesaiser fees are charged
60% for 3 years, Herd protection is because WTP is higher for

similar to that observed in Matlab

Vaccine cost US$2.48ckdne
effectiveness 50% for 3 years,
Incidence 1.6 cases per 1000,

child vaccinations and herd
protection reduces risk for
unvaccinated.

Vaccination program is
likely to pass benefit-cost.
Net societal benefits are



gS

Public COI US$15, Private WTP  maximized at price less than
US$2.30, Herd protection is similar average cost.
to that observed in Matlab

Jeuland et al. OQral killed whole- Cost utility Matlab, Vaccine cost US$2.20-3.20, When herd protection is
(2009) cell vaccine (rBS- Bangladesh; Incidence 0.9 — 8.8 cases per 1000¢considered, vaccination is
WC) Kolkata, India; Public COI US$17-34, Vaccine ‘very cost effective’ for
N. Jakarta, effectiveness 60% for 3 years, Casachool-based programs in
Indonesia; fatality rate 1%; Herd protection is Matlab, Beira, and Kolkata.
Beira, similar to that observed in Matlab When herd protection is
Mozambique ignored or when adults are

included in the vaccination
program, it is unlikely that
programs would be ‘very
cost effective.’

8The layout of this table, as well as some of thia,da taken from (Cook, 2007)



In summary, while a number of studies have attempted to examine the economic
attractiveness of cholera vaccines, many are limited relagithe analyses included in this
dissertation. Of the non-DOMI studies, none considered any private bemefiis less the
private demand for cholera vaccines or the herd protection impactsetyignlikely that any of
these studies would have had access to detailed private demand or hetwprdd¢a. The
DOMI studies tend to be much more similar to the work included in this @iear | have been

involved at various levels on these studies; however, | expand upon these previais w

3.5 Cholera epidemiology and impact of herd protection

The first four sections of this chapter focus on the economics ofnedicei policy. This
section focuses on the epidemiology of cholera vaccination. Many vaccinaigrmams provide
indirect protection from disease as well as direct protection elctdorotection effects are
generally categorized as either herd protection or herd immufégtefHerd immunity involves
the transfer of live immunologic agents from vaccine recipients teempients. Herd immunity
only results from the use of vaccines that incorporate live bactevieuses. Herd protection
indirectly reduces exposure to disease by reducing the number of suscepsibies pleat could

otherwise spread disease if they were not vaccinated. Since theevased in the Matlab trial

9Compared to the Kolkata cost-benefit model thas assingle estimate for incidence and a singleepric
function for demand, this dissertation uses motelsconsider four different sub-populations with
separate incidences and demand functions. In additie Kolkata cost-benefit model uses a different
methodology for calculating indirect vaccinatiombéts, which incorporates an adjusted VSL estimate
and expected case fatality rates. Because thi®appuses different accounting methods for diredt a
indirect benefits, the total benefit calculatiopdeds on how benefits are calculated, not just tmaury
people are vaccinated.

There are also a number of differences betweeB¢ima cost benefit study and this dissertation. Ba&a
cost benefit study omits any consideration of ciidity metrics, while this dissertation comparagapmes
from cost utility and cost benefit analyses. Secdinel Beira cost benefit analysis does not congfuer
herd protection benefits that would result from tbéuced risk experienced by vaccinated persaoes, (i
herd protection benefits only accrue to unvaccoh@iersons). Third, this study does not solve fdinogl
prices. Rather, prices are assumed.
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was a whole cell killed vaccine, there was no herd immunity effect thas only a herd
protection effect?

At this point, it is useful to define some basic epidemiological coacEpidemiologists
have historically been interested in determining the “critical thrd5halkccine coverage rates
that “break the chain of transmission”. The critical thresholdl ibased on the relationship (1 -
1/R) where Rs the infectivity or reproductive rate of infection (i.e. the expectedber of
additional cases per infected individual). llinesses with largkereg of R require higher coverage
rates to achieve the critical threshold. The initial reproductiies R, is a function of the biology
of the disease (i.e. the ease of transmission from infected to shkcemtividuals), the
population density, average age at which infection occurs, and other socio-bétiagiora of
transmission. After the initiation of an outbreak, the reproductiee Ry declines from fas
individuals recover from disease and acquire temporary immunity (Fine). T9@8reproductive
rate can also be reduced by initiating a vaccination program. This rabdaaasmber of
susceptible persons by conferring partial or full immunity to some fraofithe population. The
reduction in reproductive rate decreases disease prevalence in the ciymniendecrease in
prevalence reduces disease exposure: both direct contacisfedtied individuals and contacts
with disease vectors that propagate from infected individuals.

Experimental epidemiology studies on rats in the 1930s first demonstratftettie of
herd immunity and protection for limiting or eradicating disease. Mtmst® by epidemiologists
have focused on highly-communicable diseases, which can have drastisimsrt periods
of time (e.g., smallpox and polio). According to Fine’s (1993) review of thetlireraghere have
been studies on critical thresholds for vaccination programs agaeiafipox, measles (the most
studied disease of the group), rubella, mumps, diphtheria, tetanus, poltaniydluenza,

malaria and tuberculosis.

This section draws from Anderson, 1990, AndersahMay, 1985, Gordis, 2000, and Fine, 1993.

57



A recent natural experiment offered an opportunity to examine the heettot
impacts of a school-based mandatory influenza vaccination program. Thesaxthamine
influenza mortality in elderly adults before and after the program (Réiehal;, 2001). They
report that one excess influenza death of an elderly adult was awereaetfy 400 vaccinations
of school children. Another study reports a 42% reduction in respirataggsks in the members
of households with a flu-vaccinated child compared to households in whiclohttreechildren
were vaccinated (Hurwitz et al., 2000). There is also evidence threthimtisehold herd
protection would reduce incidence in non-vaccinated family memBatsl(et al., 2005; Longini
Jr. et al., 2007). Intra-family herd protection is especially important feases that are primarily
spread via direct personal contact (such as influenza and varicella).

The basic model used to represent the epidemiology of disease spread isndrigwre
3.1. In this model, there are five basic categories to represent the populb&se.citegories are
summarized as susceptible (S), infected (1), recovered (R), expgseamdepassively immune
(M). The susceptible population may or may not become infected after expdseiiefected
population may either recover from disease or die. The recovered groupositié@nmune for
at least a short time. Depending on the disease, the recovered indiitliat achieve lifetime
immunity or become susceptible again. When children are born, they mayerpassive

immunity from their mothers, although they become susceptible again ifHigtiecote, 2000).

births| with birtihs without
passiye mmunity  paspive tmimunity
transfer . |horizontal transfer transfer
M from M S incidence E from E I from I R
c’ft"({ﬂ! E tif'({ﬂ?.‘* dedths dedths t!’-(‘({fh e

Figure 3.1. The general transfer diagram for the M&IR model with the passively immune class M,
the susceptible class S, the exposed class E, thfedtive class |, and the recovered class R (taken
from Hethcote, 2000)

58



Any herd protection model must accurately capture the epidemiologitaisac
associated with the spread and severity of disease as well aztiwefiess and duration of
vaccine protection. For diseases like hepatitis A and varicelégted individuals experience
lifetime immunity after recovering from the illness. Recovered indiais should not be
vaccinated because they already have immunity. These diseases aregqls in that disease
symptoms are considerably more severe if the disease is contraeted life. The varicella
vaccine could actually increase varicella mortality becausses dot confer lifetime immunity.
As a result, adult mortality could increase after the vaccinergdimted. As varicella vaccine
effectiveness wanes later in life, more adults would be susceptiblaseceaver adults would
have developed lifetime immunity as children (Brisson and Edmunds, 2002; Brisson and
Edmunds, 2003).

Next, | explore some of these considerations as they relate to chdlekabilio
choleraespecies requires a specific tropical environment to survive enalgnoatside human
hosts*' The global cholera incidence is mostly confined to a small number dblosavhere
cholera is endemic. The bacteria are often present in the environmey¢a@anraund basis,
although most cases occur during periodical outbreaks that emerge fit §pses of the year.
In areas where cholera is present, most individuals will have acquoimezldegree of immunity
to infection. However, recovered cholera patients cannot acquirenfé@tmunity to the disease
(Longini et al., 2007), possibly because of changes in the dominant phenotype eBeeaus
bacteria can survive outside human hosts, it would not be possible to eratimlata in a
manner similar to smallpox. Although cholera can be spread via direectwith infected
individuals (Hartley et al., 2006), cholera is primarily acquired fromestigg contaminated food
and water. During the seasonal outbreaks in Bangladesh, the baetenapdified by humans’

who excrete high concentrations of the bacteria near local ponds (Hug et al., 2005)

Hyibrio choleraecan also be transported to non-endemic areasfegténl persons or contaminated food
sources, but the bacteria will not survive indeélyi outside human hosts.
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Beginning in 2005, a group of epidemiologists and geographers re-examined tha choler
vaccine efficacy data from the 1985 trial (Ali et al., 2005; Emch et al., 2006t Ali, 2008;
Longini Jr. et al., 2007). They found strong evidence of herd protection effdith were
ignored in the original efficacy calculations. Indirect protection madeled based on coverage
rates in the areas surrounding individual neighborhood clusters of about 5-15 hisidebally
referred to abaris. Coverage rates and incidences are averaged across overlappazgydfiarea
with 0.5 km or 2 km radii centered on edudri. The incidence for unvaccinated persons was
inversely correlated with coverage rates across these overlapgileg.cChildren less than 2
years of age were excluded from the trial, but also experienced h&dtiomo This is important
because young children typically experience higher incidence rates congpatedrtage groups.
For young children, herd protection effects are significantly correlatécthgtcoverage of adult
women, but not with the coverage of other children. The authors do not repertdverage of
women is also disproportionately important for other age groups (Ali,62008).

Since cholera vaccines are less than 100% effective, both vacktarad unvaccinated
persons benefit from herd protection. Indirect protection for both vacdinattunvaccinated
persons depends on vaccine coverage rates. As the vaccine coverageaases, the number of
susceptible persons in the community decreases, retarding disessk #gra result, exposure to
infected persons and their associated disease vectors decrehsesdence rates decline for the
vaccinated and unvaccinated subpopulations.

Longini et al. (2007) expanded the analysis by Ali et al. (2005; 2008) tca¢stim
empirically the relationship between coverage and vaccine pmtéotMatlab. The results from
their analysis are summarized in 5 data points from 10-90% coveragan kfjponential
function to these data points for the vaccinated and unvaccinatedgpbgas shown in Figure
3.2. The expected percentage reduction in incidence for vaccinated andinate persons is

plotted relative to a baseline in which nobody is vaccinated. | notéhthatuthors extrapolate
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herd protection effects for adult males who were excluded from theTthiey do not report if
adult males are treated differently than females in the epidentalaogodel.

According to Longini’s model, the total effectiveness of vaccindidhe total impact of
the indirect protection resulting from herd protection and direct protectieacofnated
individuals. Unvaccinated persons only experience indirect protectiole, vaccinated persons
benefit from both indirect and direct protection. The direct protection foinated persons
reduces incidence by 65% relative to the unvaccinated group at any cawgeadéde indirect
protection varies with the coverage rate, and is demonstrated by theénicr@aotection for
unvaccinated persons. Indirect protection for unvaccinated personsexpackly from zero
when nobody is vaccinated to 30% protection at 10% coverage to 90% protection at 50%
coverage. The total protection for vaccinated persons is the prodadirett protection and
direct protection (i.e. 65%). The difference in the magnitude ofediuction for vaccinated
versus unvaccinated persons becomes smaller and smaller as covaesges and the
incidence in unvaccinated persons decreases. These vertical leled lslPrB, MPrB;,, and
MPrBs, in Figure 3.2 demonstrate the magnitude of differences in incidenceselnepaccinated
and unvaccinated subgroups at 10%, 30%, and 50% coverage rates resp&bvaiggnitude
of the change in incidence, MPrB, is correlated with the privalige of vaccination to the last
person vaccinated (i.e. the marginal private benefit of vaccination

Similarly, | assume that the marginal change in indirect protecéogeflts is represented
by MPuB in Figure 3.2. Thus, the marginal value of indirect protectiorrislated with the
slopes of the incidence curves. As coverage increases, the magdireadf indirect protection
per vaccine decreases from MRy MPuB, to MPuB;,. Indirect protection benefits accrue to
the entire community, while the private benefit of direct protection ardyuas to vaccine

purchasers.
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Figure 3.2. Direct and indirect protection as a fution of coverage (extrapolated from Longini et al.

2007)

Longini et al. (2007) also report the expected number of cases avoided per 1¢ésvac

delivered, which is shown in 3'8The number of cases avoided per 1,000 vaccines decreases as

a function of coverage from 40 cases avoided per 1,000 vaccines at 10% cavé@gades per

1,000 vaccines at 90% coverage. If the cost per vaccine delivered iedgsune constant, the

cost per case avoided would be an increasing function of coverage.

12This figure is based on cholera epidemiology obsetim 1985. Cholera incidence estimates are clyrent
much lower, which may result in different epideroigy.

62



45

35

30

25

20
o \\

10

Cases avoided per 1,000 vaccines

O T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Coverage (%)

Figure 3.3. Cases avoided per 1,000 vaccines

Emch et al. (2009) examined the relationship between herd protection andgsoat
smaller scales. Specifically, they examined relationships aenva®nmentally connected baris,
i.e. baris connected by common water bodies. Thus, unvaccinated persores that ar
environmentally connected to neighbors with high coverage rates are mulidtelgde contract
cholera than unvaccinated persons connected to neighbors with low eoratesy The authors
report that their revised methodology is more precise than their efbeis reported in Ali et al.
(2005). This suggests that discrete localized coverage rates a&@mportant for calculating
herd protection effects than an overall population average. In the extaseemore cases would
be avoided if 50% of each bari is vaccinated than if half of the baris adh®0% coverage and

the other half achieved zero coverage.

3.6 Economic epidemiology research
In the previous sections, | separately examine the economics and epidgrofatbglera
vaccination. In this section, | first review how herd protection has applied to cost utility

analysis. Next, | review how epidemiologists would optimize vaccingfograms without
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consideration for private demand. Finally, | summarize how other reseahzher attempted to
integrate economics and epidemiology into a more comprehensive anélyséth
interventions.

Many cost utility analyses have omitted herd immunity effects (Beeatal., 2002;
Beutels et al., 2007; Cook et al., 2008; Kim et al., 2009). Other analyses int®ipeEnch
protection data from other sites for a pre-specified coverage rae baftween 70% and 90% for
a targeted group (Welte et al., 2004; Armstrong et al., 2007; Lee et al., 2007; Liby®607)->
A majority of vaccination analyses are undertaken for infant mation programs. In these cases,
population coverage rates increase over time as successive cohoidstsfparticipate. Herd
protection effects are then estimated as population coverag@radesilly increase with time
from the initiation of the vaccination program. Vaccination benefésaggregated based on
incidence reductions for both vaccine recipients and for non-recipiesteblly, it is almost
always assumed that more than 70% of eligible infants would be vaccurater the newly
implemented vaccination program. The accounting for herd protectiarnsetfen reduce the cost
per DALY saved considerably, especially when incidence is indirectly eeldoc elderly age
groups who are most at risk from disease mortality (Lee et al., 2007; Llolyd2&Qy).

While cost utility analysis is useful to prioritize projects and taifle low-value
projects, it typically assumes that coverage rates are predfedcrdvhen accounting for herd
protection, it is useful to examine how coverage rates would affeatdggtmetrics. Thus, this
dissertation focuses on more flexible applications of cost utilityyaisathat may be used in
comparison with cost benefit analysis.

Epidemiologists have examined how to optimally distribute a limited numbercafnes
throughout a community. Epidemiological optimization models often assunthéhaitial

supply of vaccines is limited, and that everyone would want to receive ae#dcaiailable. The

3Both the Jeuland et al. and Cook et al. analysamime three scenarios in which different groupgirer
vaccinations: 1) young children less than 5 yeédrage, 2) all children less than 14 years of age, 3)
universal vaccination of all age groups.
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optimal allocation depends on the epidemiology of the disease; there is napimglach that
would apply to all vaccines (i.e. optimal influenza vaccination polickedyi to differ from
optimal cholera vaccination policy). In one of the first epidemiologydbapéimization analyses,
Longini et al. (1978) examine how to allocate influenza vaccines during amépiddore recent
examinations have considered the optimal distribution of vaccines in énenatfh of a bio-terror
attack (Becker and Starczak, 1997; Longini Jr. et al., 2004) or if vacgipéyss insufficient due
to production issues (Patel et al., 2005). In the aftermath of a terratdt,dtongini et al. (2004)
find that it is important to target the vaccine to people that hasadircome into direct contact
with infected individuals (or are likely to have direct contactifliienza vaccine supply is
limited by production problems, Patel et al. (2005) find that it is optiongfioritize school
children before other age groups because the influenza reproductive ratotrchildren tends
to be much greater than for other age groups. Even though elderly adults esusoaptible to
influenza mortality, the prioritization of school children has a greagact on elderly mortality
rates because influenza vaccines are considerably less than 1868&vefAnother study
examines the optimal distribution of vaccines for an illness that is pismspread through intra-
household contacts (rather than inter-household contacts) (Becker azalStae97). They
conclude that the optimal distribution should leave the same number oftduledegividuals in
every household, regardless of household size (i.e. coverage rates shouldebéngneaseholds
with more members).

Finally, | examine published articles that merge private demand corigidsraith
epidemiological modeling. The joint application of economics and epidemitiegyy to public
health problems is commonly referred to as epidemiological econorhisssTa relatively new
discipline; most of the seminal articles were written in the 199@s (@eoffard and Philipson,
1996; Philipson, 1996; Gersovitz and Hammer, 2003). The DOMI economic studiesenécho

vaccination that were presented in Section 3.4 would also qualify asréplioigical economics.
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The inclusion of herd protection effects into economic models of vamminatograms
has been examined by a number of authors (e.g., (Brito et al., 1991; Francis, 1997; Fi@dicis, 20
Boulier et al., 2007). Brito et al. (1991) examine the optimal tax or subsidyeddaiachieve
the socially optimal vaccine coverage rate. They assume that Ijesece 100% effective, 2)
benefits are homogenous across the community, and 3) that costs vary acrossritneityom
They also prove that compulsory vaccination is always non-optimal compaadex/subsidy
scheme. Francis (1997; 2004) expands upon this work by incorporating a commonatiattiem
model of epidemic disease spread, the susceptible-infected-recowmtet(aee the box model
in Figure 3.1). This dynamic model is applicable to epidemic disease sfmeatiich
prevalence increases until the number of susceptible individudfses loy the number of
recovered (i.e. immune) individuals. At this point, prevalence beginclimedack to zero.
Unlike Brito, Francis assumes that both vaccine costs and benefitsraogienous across the
community. Francis solves for a threshold prevalence such that 1) wkefepce is below the
threshold, no one is vaccinated and 2) when prevalence is above the thresnmptheeis
vaccinated. Francis also examines a static equilibrium for whichtamabdprice is derived.
Boulier et al. (2007) also employ the SIR model, but focus on how SIR paramégetshaf
optimal coverage rates. They also assume homogenous vaccine benefitdsamdtices
community. The optimal coverage rate depends primarily on the infectssushdisease.

While Francis and Boulier et al. clarify how common epidemiological petensiaffect
optimal vaccination coverage for different diseases, their methoddtmg/not show how to
incorporate heterogeneous demand data into the model. My model is onerst thdriclude
empirical vaccine demand data into a herd protection policy model @ieeogeneous benefits).
Since | assume that benefits are heterogeneous, only those withatestvéTP choose to
purchase vaccines as prices increase.

Other authors have examined how demand for preventative health products changes

relative to changes in disease prevalence. This relationshipngdefs prevalence elasticity or
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incidence elasticity (Gersovitz and Hammer, 2003). Prevalence elaityipically measured
based on survey panel data in conjunction with disease prevalencehgasanfey data are used
to estimate private usage of vaccines or other preventative probloetsealth data includes
disease incidence or disease mortality rates. Researchers haveazkthe cross-sectional and
longitudinal usage of condoms in response to changes in AIDS prevalence byicdhaty
United States. They find that even small changes in risk can incaabent use substantially
and suggest that epidemiologists should account for behavioral changesnmoithels of disease
spread (Ahituv et al., 1996). Geoffard and Philipson (1996) use a mathemdtieahiefogy
model in connection with behavioral response assumptions to identigshold prevalence for
HIV; people would engage in permissive behavior below this thresholdlpree and protective
behavior above this threshold. This threshold prevalence increabebevitost of protection and
the discount rate, and decreases with the cost of infection and the prolotibtysmission
upon exposure.

Philipson (1996) examines how long parents would wait to vaccinate theirechilith a
measles, mumps, and rubella vaccine as a function of measles pre%/‘ékammd 1989-1990 a
large measles outbreak occurred in the United States, the extent bfwatied from state to
state. At the time different states had promoted different levelsosidies and other efforts to
encourage early vaccination. Philipson reports that the public efigot®inote vaccination had
very little effect on the age of uptake, while local prevalence ofleehad an extremely large
effect. The AIDS and measles studies suggest that subsidiethangublic health efforts are
limited in their ability to affect private behavior, at leasttia United States context. There needs
to be a strong private incentive to pursue preventative activitieskAfgrivate incentives to

pursue vaccination in low-prevalence communities has often bedrasitelimiting factor in

“MMR is required for students entering formal edigrat Thus, all children would eventually be
vaccinated.
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disease eradication efforts (Geoffard and Philipson, 1996; Geoffard dipddth 1997). With
low prevalence, there is almost zero private benefit to vaccination.

The measles and HIV examples from the United States are likely yatseful for
guiding cholera vaccination policy in Matlab. HIV has no cure and is spreadribyitheough
voluntary sexual interactions or intravenous drug needle sharing. Thestpeactivities
require endogenous changes in the frequency and/or intéasipfeasurable activities rather
than simply pursuing a vaccination. In the American measles examplejatsmtis mandated
for public schooling and the disease incidence is already very low. Theyeriandate for
cholera vaccination in Matlab, and prevalence is significantly grdataddition, the measles
vaccine provides long term protection at a much higher efficacy than tleattyiavailable
cholera vaccine.

Other studies examine influenza and pneumococcal cross-sectiohahgitadinal
vaccine demand in response to changes in disease mortality in the UniésdIStat al., 2004)
and Japan (Ohkusa, 2001). In the United States, vaccine demand is corre¢latedriaility in
the previous year, but cross-sectional correlation to demand was letsag For Japan,
Ohkusa (2005) develops a cost-benefit analysis after researching thelasitcity based on
recipient co-pays and the probability that the elderly would be vaccimaigtlarge Japanese
cities. Ohkusa finds that an US$8 reduction in the vaccination co-pay wouldsearaccination
rates enough to prevent approximately 400 deaths per year in the avegagétyainfluenza
vaccine studies are a better analog for cholera vaccination bectweseza vaccination is not
mandated and because those vaccines confer limited protection (40-80% g peralje of
recipient) and duration (about one year) (Coleman et al., 2006).

Finally, | summarize a typhoid vaccination cross-subsidy article tohattgontributed

(Lauria et al., 2009). This article examines how to maximize the numbeses avoided by

Bt is assumed that condom use may be seen as diecyehe utility of sexual interactions by some
individuals.
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setting adult and child vaccine prices. It is assumed that adult and ¢béd are the only choice
variables, and that the program must be cost neutral from the vaoounep's prospective. In
addition to the revenues collected from user fees, it is assumelehaiccine provider could
offset costs with some percentage of expected savings in future peatimént costs. We use
average data from a number studies conducted in Asia and find that chi&hoeid typically
greater than adult incidence and that household private demand foragtdldations is greater
than adult vaccinations. We examine both deterministic and stochastitsmidueresults from
the deterministic model suggest that it is optimal to provide faeeines for children and to
offset revenue shortfalls by charging higher prices for adults eiderythe increase in cases
avoided from the cross-subsidy approach is relatively modest compared tectreetrom a
program in which adult and child vaccinations cost the same amount. The fiesn the
stochastic model are less clear cut and suggest that policy mekékely to be better off
charging both adults and children the full cost of vaccination becauseettergncidences

typically experienced by children are offset by the reduced vaccinatwardefor adults.
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4 Research Design and Data Collection

In this chapter, | summarize data collection methods including the resesigns for
two stated preference scenarios that were included in a survey totdhpdissertation. A
number of studies have been conducted in Matlab, Bangladesh over the lass2Uhear
ICDDR,B hospital has been collecting data regarding the number and typeseohdasles each
year since the 1960s. Recent studies have estimated cholera in¢idescet al., 2008) and the
public and private costs per cholera case (Poulos et al., 2008). The efsptontains a
detailed description of the two contingent valuation scenarios conduactegport of this
dissertation: 1) household willingness-to-pay for cholera vaccines amidi@yness-to-pay to
reduce mortality risk for children. The economic and statistical madeld to evaluate these

scenarios are summarized in Chapter 5.

4.1 Historical cholera incidence data

Accurate estimates of disease incidence are rare, but theR{EJias conducted
ongoing surveillance of the area since 1966 (Longini Jr. et al., 2002). Thislaooeeis based
on the number of patients treated at the ICDDR,B hospital, but does not icagedetreated at
other clinics or hospitals. All patients that presented at the alith cholera symptoms provided
stool samples that identified the serogroup, biotype, and serotype. Thermiroases treated at
the hospital from 1963 to 1998 is shown in Figure 4.7 (originally created by Longin2e0al).
The number of cases is highly variable from year to year, with an apprexiamgte of 100 to
1,200 cases. The dominant serogroup shifted back and forth between thaldassEl Tor

serogroups until the classical group disappeared around 1993. At the santledi@i39



serogroup first appeared. Longini et al. performed autocorrelation enaWsch showed that
both Inaba and Ogawa outbreaks were followed 12 months later by outbreaks ofghe sa
serotype. Ogawa outbreaks were also followed by additional Ogawa dastordg 6 months
later. Thus, population-level immunity for Inaba may be longer lastingfthadgawa infection
(Longini et al., 2002).

The ICDDR,B surveillance area is large, and includes more than 220,000 géwple.
people living in the most distant sectors of the surveillance area wangd® devote up to 5
hours to travel to the ICDDR,B hospital via traditional methods. ShecéCDDR,B hospital is
very well regarded and provides free treatment, it is expelotd most residents of the service
would choose to pursue treatment there. However, some of the choleraspatim distant
northern villages may seek treatment from closer clinics or hisspttavould take at least 4
hours for these residents to reach the ICDDR,B hospital via traditranaportation methods
(rickshaw and country boat). In addition, these residents have easiertadbessiain road to
Dhaka (Emch 2009).

Using data from ICDDR,B’s hospital surveillance records, the anncidience of
cholera ranges from 1 to 5 cases per 1,000 persons. Sack (2003) reported thanifidhe
ICDDR,B hospital incidence were about 1 to 5 cases per 1,000 persons, thenateate
could be about 4 to 20 cases per 1,000 persons in the surveillance area. A rissatadina
cholera and dysentery treatment at the hospital demonstrated tHahoein 1994 decreased
sharply for villages located more than 10 km from the hospital. Annual chob&dance was
about 3 to 6 cases per 1,000 persons for villages within 8 km of the hospital abtodass than
1 case per 1,000 persons for villages located more than 10 km from the hédipetal;, 2006).

Thus, cholera incidence may be underestimated for areas locatamhfahé& ICDDR,B hospital.
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Figure 4.1. Yearly reported number of cholera casedy Vibrio cholerae biotype and serotype, for the
period 1966-1998, in Matlab, Bangladesh. Arrows irdate the periods of various dominant
serogroups and biotypes. B, Bengal; C, classical; El Tor. taken from Longini Jr. et al (2002).

| obtained hospital surveillance records of cholera patients tretaiesl ICDDR,B
hospital over the period from 1985-2007. Table 5.1 summarizes incidence by wNagfour
overlapping time periods: the latest 3 years (2005-2007), the latest §3@28s2007), the latest
10 years (1998-2007), and the full 23 years (1985-2007). There is large vandtaih village

size and the annual incidence of cases treated at the ICDDR,B hd3ptahnge in village size
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is 55 to 9,400. The range of incidence rates varies from zero from 2005 to 2007 for a@fumber
villages to almost 35 cases per 1,000 persons over the full period in one idagesvit appears
that there has been a dramatic decline in the number of cholerareates at the hospital over
the previous 22 years; however, the literature does not report a reatua farcline. Figure 5.2
summarizes the annual number of cases treated at the hospital from 1983 throu@h&007.
figure includes the annual number and five-year rolling averageses traated at the hospital.
There is great fluctuation in the yearly number of cases, which is setbby the 5-year rolling
average.

There was a large drop in cases treated following the 1985 vaccinatiomtidence
remained low until 1992 when the 0139 strain was introduced and the number ofezises t
increased rapidly, exceeding the rates reported prior to the vacnitréi. After a peak of 1,100
in 1993, the number of cases treated has declined steadily over the pass1bhehospital
treated about 5,000 cases during the 10 year period from 1985-2004 compared to just @000 cas
during the 10-year period from 1998-2007 and 350 cases over the last three years. Thus, i
appears that the community may have made some progress in reducingdteemimolen over
the past 22 years. As a result, a cholera vaccination program magdigered less important to

the community in the present relative to the time of the last vacciriaabm 1985.

Table 4.1. Incidence by village over the last 3 ges, 5 years, 10 years, and 22 years (annual capes
1,000 incidence)

Village Village name Village 3yr 5yr 10 yr All yr
code population incidence incidence incidence incidence
A00 Uddamdi 3251 0.92 0.98 1.23 2.85
B0OO Charmasua 2038 0.49 0.69 1.47 3.35
Ccoo Sarderkandi 3987 1.00 1.00 1.15 3.41
D00 Charmukundi 2484 0.67 1.13 1.21 2.45
D28 Bazarkhola 1128 0.00 0.00 0.18 0.28
D29 Kirtonkhola 209 0.00 0.00 0.00 0.00
D30 Banuakandi 791 0.00 0.00 0.13 0.06
D31 Harina Bazarkhola 1099 0.30 0.36 0.36 0.29
D32 Khalisha 789 0.85 0.51 0.38 0.29
D33 Nayanagar 1087 0.00 0.00 0.09 0.17
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Village Village name Village 3yr 5yr 10 yr All yr
code population  incidence incidence incidence incidence
D34 Saidkharkandi 1389 0.00 0.14 0.22 0.16
D35 Mollah Kandi 627 0.00 0.00 0.00 0.07
D88 Sankibhanga 1490 0.00 0.00 0.47 1.68
D89 Sankibhanga 1143 0.58 1.40 1.49 3.86
Namapara

D90 Zahirabad 958 0.00 0.21 0.73 3.94
D93 Maizkandi 1334 1.00 0.60 1.20 3.85
D94 Hazipur 1504 2.22 1.46 1.99 3.78
D95 Tapaderpara 563 0.59 0.36 0.89 1.21
D96 Sakharipara 1116 0.90 0.54 0.90 1.26
D97 Nayakandi 738 1.81 1.08 0.54 2.53
D98 Bara Haldia 3379 0.79 0.71 0.74 2.35
D99 Mandertoli 2028 0.82 0.69 0.79 1.73
DXO0 Barogaon 3655 0.00 0.11 0.16 0.20
DX1 Naojan 1376 0.00 0.00 0.00 0.23
FOO0 Sepoykandi 1464 0.91 1.23 1.23 3.23
GO0 Thatalia 2970 1.01 1.28 1.31 2.60
HOO Lamchari 1239 0.27 0.65 0.40 1.65
JOoo Char Harigope 745 0.00 1.07 2.42 2.44
K00 Shahpur 954 0.00 0.00 0.00 0.10
LOO Tatkhana 587 0.00 1.70 0.85 0.70
MOO Char Nayergaon 203 0.00 0.00 0.49 0.22
NOO Aswinpur 2199 0.00 0.00 0.09 0.39
000 Nayergaon 1952 0.17 0.10 0.10 0.14
P00 Titerkandi 2137 0.16 0.28 0.14 0.17
Q00 Char Shibpur 261 0.00 0.00 0.00 0.00
ROO Nandalalpur 1449 0.69 0.55 0.62 0.66
S00 Tatua 939 0.00 0.00 0.00 0.58
TOO Amuakanda 1676 1.19 3.70 2.15 2.47
uoo Baispur 8830 0.49 0.86 1.25 3.17
Vo1l Kadamtali 379 0.88 0.53 2.64 6.36
V02 Nilokhi 503 0.66 0.80 1.19 3.34
V03 Char Nilokhi 623 0.54 0.32 0.48 2.85
Vo4 Char Pathalia 338 1.97 1.18 2.37 3.50
V05 Gazipur 3333 0.60 1.14 1.68 4.24
V06 Fatepur 2438 0.41 1.15 1.19 2.54
Vo7 Nayakandi 300 0.00 0.00 0.00 3.79
V08 Goalbhar 1174 0.00 0.68 1.28 2.56
V09 Naburkandi 1209 0.28 0.33 0.66 1.43
V10 Dhakirgaon 1798 1.30 1.11 1.45 3.31
V11 Nabakalash 2665 1.13 1.35 1.73 2.54
V12 Bhangerpar 674 0.49 0.89 2.08 4.52
V13 Baburpara 710 0.47 1.13 1.13 4.10
V14 Enayetnagar 771 0.86 2.85 1.43 4.42
V15 Bhati Rasulpur 761 0.00 0.26 0.53 1.73
V16 Binandapur 868 0.00 0.23 0.46 3.09
V17 Hatighata 1079 0.31 0.37 0.93 2.23
V18 Torkey 3953 0.34 1.21 1.06 1.90
V19 Lakshmipur 2934 0.68 0.95 1.43 2.39
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Village Village name Village 3yr 5yr 10 yr All yr
code population  incidence incidence incidence incidence
V20 Dagorpur 1332 0.75 0.60 0.90 2.66
V21 Khadergaon 552 3.62 2.90 1.63 2.31
V22 Beloti 634 0.00 0.63 0.47 1.79
V23 Baluchar 635 0.00 1.26 1.10 2.15
V24 Machuakhal 2942 0.91 1.02 1.02 2.27
V25 Char Pathalia 1361 0.24 0.73 0.73 0.90
V26 Narayanpur 3052 0.33 151 141 1.34
V27 Panchghoria 974 0.68 1.03 0.51 0.89
V28 Khidirpur 1559 0.00 0.26 0.19 0.90
V29 Shibpur (South) 491 0.00 0.41 0.00 0.28
V30 Harion 546 0.00 0.00 0.18 0.17
V31 Dighaldi 9433 0.95 1.08 1.14 2.67
V32 Mobarakdi 3332 0.40 1.08 1.29 2.51
V33 Shibpur (North) 447 0.00 0.00 0.45 0.61
V34 Satparia 810 0.00 0.00 0.25 0.51
V35 Durgapur 3731 0.00 0.21 0.32 0.38
V36 Ludhua 5605 0.36 0.36 1.05 2.59
V38 Galimkha 1571 0.64 0.51 0.45 0.61
V39 Gobindapur 346 0.00 0.00 0.00 0.00
V40 Masunda 802 0.00 0.00 0.25 0.17
V41 Paton 1857 0.00 0.00 0.32 0.24
V42 Adhara (South) 765 0.00 0.00 0.00 0.00
V43 Kanachak 1031 0.00 0.00 0.10 0.26
V44 Panchdona 623 0.00 0.00 0.00 0.22
V45 Bakchar 1101 0.00 0.00 0.00 0.25
V46 Silinda 403 0.00 0.00 0.25 0.23
Va7 Tulatali 1795 0.00 0.00 0.06 0.20
V48 Gangkanda 568 0.00 0.00 0.35 0.32
V49 Harina Bhabanipur 1245 0.00 0.00 0.16 0.22
V50 Bakharpur 55 0.00 0.00 0.00 34.71
V51 Induriakandi 525 0.63 0.38 1.71 7.71
V52 Nayakandi 216 0.00 0.00 0.00 3.16
V53 Chhoto Haldia 3040 0.77 0.92 1.32 3.05
V54 Balairkandi 600 1.67 1.00 1.33 1.82
V55 Induria 533 0.63 1.50 1.69 2.39
V56 Pailpara 1511 0.44 0.53 1.13 2.74
V57 Baluchar 1066 0.00 0.00 0.09 0.17
V59 Doshpara 1702 2.15 1.29 1.65 2.24
V60 Suvankardi 987 0.68 0.81 1.01 3.18
V61l Munsabdi 678 2.95 2.06 1.62 3.29
V62 Shilmondi 924 0.36 0.22 0.54 2.66
V63 Islamabad (East) 2114 0.00 0.00 0.09 0.84
V64 Kawadi 4619 0.00 0.00 0.04 0.11
V65 Nayachar 804 0.00 0.00 0.37 0.17
V66 Thatalia 846 0.00 0.00 0.00 0.38
V67 Majlishpur 604 0.00 0.00 0.33 1.58
V68 Sobahan 1041 0.00 0.00 0.00 0.13
V71 Khamarpara 505 1.32 0.79 0.40 0.27
V72 Upadi 6342 1.21 1.73 1.69 2.59
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Village Village name Village 3yr 5yr 10 yr All yr
code population  incidence incidence incidence incidence
V73 Sadardia 844 0.00 0.00 0.00 0.05
V74 Ketundi 1434 0.00 0.00 0.21 0.29
V75 Mukundi 323 0.00 0.00 0.00 0.28
V76 Chosoi 1843 0.00 0.00 0.05 0.12
V78 Soladana 237 0.00 0.00 0.00 0.77
V79 Pitambordi 363 0.00 0.00 0.55 0.50
V80 Daribond 1258 0.00 0.00 0.08 0.04
V81l Sonaterkandi 703 1.90 2.28 1.28 2.59
V82 Dhanarpar 1748 0.38 0.69 0.97 2.73
V83 Padmapal 613 0.00 0.00 0.65 2.89
V84 Shahbajkandi 2323 0.57 1.55 1.46 2.60
V85 Bhanurpara 516 1.29 1.16 0.78 1.85
V86 Adhara 946 0.00 1.27 0.95 1.11
V87 Hurmaisha 689 0.48 0.58 3.05 3.50
V88 Datikara 531 0.00 0.00 0.38 0.94
V89 Islamabad (Middle) 1467 0.23 0.41 0.48 1.61
V90 Narinda 1249 0.00 0.00 0.00 0.25
V95 Baluchar 2275 0.15 0.62 1.93 2.76
V96 Rampur 669 0.50 0.60 0.75 3.06
V97 Dhanagoda 338 0.00 0.00 0.00 0.40
V98 Santoshpur 125 0.00 0.00 0.00 0.00
V99 Baluakandi 520 0.00 0.00 0.19 0.70
VBO South Rampur 2792 0.84 0.72 1.90 3.29
VB1 Taltoli 1059 0.00 0.00 0.00 0.17
VB2 Sree Rayerchar 1156 0.29 0.17 0.35 0.31
VB3 Rayerkandi 3015 0.00 0.00 0.27 0.32
VB4 Ramdaspur 3610 0.65 0.66 1.11 2.53
VB5 Thakurpara 834 1.20 1.44 2.28 3.32
VB6 Sarkerpara 530 0.00 0.38 1.13 2.66
VB7 Mirpur 313 0.00 0.00 4.47 5.81
VB8 Farazikandi 1347 0.74 0.89 141 2.09
VBA Mehron 2483 1.34 0.97 0.72 0.84
VBB Nagda 4556 0.37 1.49 1.21 2.78
VBC Naogaon 4925 1.22 1.42 1.40 2.45
w00 Kaladi 6371 0.68 1.13 1.04 1.18
Average 1580 0.45 0.59 0.79 1.95
Minimum 55 0.00 0.00 0.00 0.00
10 percentile 381 0.00 0.00 0.00 0.16
25 percentile 624 0.00 0.00 0.16 0.28
50 percentile 381 0.24 0.39 0.59 1.7
75 percentile 1066 0.68 1.0 1.2 2.7
90 percentile 3333 1.2 1.4 1.7 35
Maximum 9433 3.6 3.7 45 35
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Figure 4.2. Annual and 5-year rolling average of hepital-treated cases

Estimates of cholera incidence by age group are obtained frorarat 2OMI study that
estimated incidence rates and cost of illness in multiple coufiréen et al., 2008; Poulos et al.,
2008). These incidence estimates are summarized in Table 5.2. Incidsnuglest for younger
children less than 5 years of age, followed by school age children, ansl atheltaverage across
age groups is 1.6 cases per 1,000 persons. These estimates are split mtocideigce group,
which represents the 10% of villages with the highest incidence ovprafieus 10 years and
the remaining 90% of villages. On average, the high incidence villagé&deie rates were
about four times greater than the remaining 90% (see Table 5.1). Thisdsdpalsistorical
incidence rates by village. Although some of these village-by-villdfgreices result from the
distance to the hospital, this is still the best estimate available

Emch (1999) examined the risk factors for hospitalization with chaledenon-cholera
watery diarrhea at the ICDDR,B hospital. He found cholera incidencsigrdficantly correlated
with environmental and socioeconomic variables (e.qg., baris in which fedibpseholds use
open latrines, more households sharing a tube well, households withridspopulation in a

bari is high, population density surrounding a bari is high, living in flood-olbed areas. Thus,
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use of improved water and sanitation has a positive impact on chotemisaion as expected.
Cholera transmission is also more prominent in densely populated baris and hou#teBolds
unclear why cholera transmission is greater in the flood-controlledrégihile households with
less land were more likely to contract cholera, household income and assetetierrelated to
cholera transmission. It may be that the amount of land available to howssisheloetter
indicator of wealth than income or asset measurements in a rural commtugiimportant to
note that most all of the households in the Matlab area are poor. Thugmiée in income are

smaller than what may be found in urban areas.

Table 4.2. Average annual incidence by age group

Age group Annual incidence (cases per 1,000 persons)
All Highest 10% of = Remaining 90%
villages of villages
Infants (age < 1 year) 4.6 14 3.5
Young children (age 1-4 years) 3.8 12 2.9
School-age children (age 5-14 1.6 4.9 1.2
years)
Adults (age >14 years) 1.0 3.1 0.8
All ages 1.6 4.9 1.2

4.2 Cholera cost of iliness

The public and private costs of illness were recently estimated biyearidOMI study, for
which | am a co-author (Poulos et al., 2008). The public cost of illnessnmatesd based on the
ICDDR,B hospital's operating records using a standardized micraigagpproach (Drummond
et al., 2005). Estimates are calculated based on 1) the length of pati@yds2) the type and
amount of medication dispensed, and 3) the type of diagnostic tests performeasEach t
performed is multiplied by an estimated unit cost for that test. Medaoats are similarly
estimated by multiplying the amount dispensed by an average unit cost. Thgluvetay costs

are more complicated because it is necessary to account for non-cpelefi-staff, operating
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and capital costs. These costs include 1) material costs such asavaieteelectricity,
telephone, meals, and security, 2) labor costs, and 3) capital costs whidimaatedsas a
percentage of operating costs based on studies performed in Thailand (Boenwp al., 2005;
Riewpaiboon et al., 2007a; Riewpaiboon et al., 2007b; Riewpaiboon et al., 2007c). Beeause
hospital provides treatment for a number of different diseasesgtéssary to determine how to
allocate administrative and other overhead costs across diseasepaRmutar department, the
ratio of services rendered for one type of disease is calculatada¢tathe total number of
services produced by that department. In total, the average public cost cdra elpidode was
about US$20, and is roughly equivalent for children and adults.

Private COl is estimated based on in-home interviews conducted widhapatients or
the caretakers of child patients. Cholera patients were integliatv7 days and 14 days after
they were tested at the outpost or hospital. The survey instrument ssfiEfic questions
about direct and indirect costs. The direct COI questions includegexpenditure for
medication, diagnostic tests, and general clinic costs. Other direct mcahwosts include non-
medical expenditure for transportation; special foods and drinks purchagediémts; and food
and lodging requirements for caretakers that accompanied hospitalimsdga

The indirect costs of illness measure the lost productivity of themtatisubstitute
laborers, caretakers, and travel companions. If the patient, their esretdkeir substitute
laborer missed time at work, the indirect COl is simply calculatédesiswage rate multiplied by
the number of work days miss&dlime lost from household activities, school, or leisure are
calculated as a fraction of the average wage: 50% for housework ot sotey 30% for leisure.
The value of lost time for children who could not perform housework or schoolisvhrkther

reduced by 25% for teenagers and by 50% for children between 5 and 12 yearS\td dgenot

'8 a patient reported a substitute laborer for samall days, the substitute laborer is assumedake up
for the missed work of the patient, although thbssitute’s personal lost productivity is accountedin
place of time spent on substitute labor. If a et or substitute laborer would have worked favame
that was unknown to the respondent, the average wag used in its place.
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value time lost by children under 5. The average private COI variagebgroup as shown in

Table 4.3.

Table 4.3. Public and private cost per cholera epigle andex ante COI

Children Adults All ages

Public COI per case Provider treatment costs (US$) 21 19 20
(ex post) Private payments to public

facilities (US$) 1 1 1

Net public treatment costs (US$) 20 18 19
Private COI per case Direct treatment costs (US$) 4 7 5
(ex post) Indirect treatment costs (US$) 4 11 7

Total private treatment costs

(US$) 8 18 12
Total COIl per case (ex ante) 28 36 31
Annual Incidence (cases per 1,000) 2.2 1.0 1.6
Annual ex ante public COl  (US$) 0.04 0.02 0.03
Annual ex ante private COl  (US$) 0.02 0.02 0.02

The average private direct COl is about US$4 for children and US$7 fos.delivate
indirect COI is much greater for adults (US$11) than for childrer$gQiSt is not surprising that
indirect COl is greater for adults, because they are more likely toimsst work. In addition,
we assume there is no productivity loss for children less than § gieaiThe sum of direct and
indirect private COI is about twice as great for adults relatvahildren. The annu&x ante
private COlI is roughly equal for children and adults. While childreriglence is about twice as
large as adults’, the private cost per case is about double. Thusfehendi in incidence is
balanced by the difference in cost per case.ek@ntepublic COl is greater for children,

because the cost per case estimates are roughly equal (whiddhieadence is larger).

4.3 Survey research design
Household cholera vaccine demand and willingness-to-pay for mortaktyeduction of
the household’s youngest child were evaluated in separate sectionagieargerview. Thus, all

of the respondents received both sets of questions. | begin this sedti@bsigf summary of
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the sample protocol used to select households. Then, | explain th@4ihiekt protocol used in a
subset of the surveys. | conclude with discussions of the valuationrissamsed for the cholera

vaccine demand and VSL scenarios.

4.3.1 Sampling

The Matlab area is generally homogenous in terms of its population, althougbahe ar
nearest to the hospital is slightly less rural than the surroundiages. Survey respondents were
chosen randomly from the Health and Demographic Surveillance System databatwo-stage
cluster sample without replacement. The first stage selectedl at 3,000 households, each
with at least one child less than 18 years of age. Two-thirds of thesénbloisseere located in
the government service area, and one-third in the ICDDR,B service heesaimple list was
subdivided into clusters of 22 to 28 households located in small areasgrabgut 1 krito 4
km? depending on population density. In the second stage | randomly selected clusters of
households and assigned one each to enumerators. Enumerators weredrstalictehalf their
interviews to males and only to interview the primary caretakdreothildren in the household,
typically one of the parentd The second stage sampling was implemented twice to coincide with
staging of the interviews. In total, 591 households granted interviewsigntvo households
refused. Another 160 households were dropped because the selected maldiyedeartid

worked outside the village and were not available.

4.3.2 Survey instrument

The survey instrument was based on a questionnaire used in a DOMI WTHhstudy
Kolkata, India and is included as Appendix 1. Two sets of 60 pretest intetvadpe] us to
adapt the survey to local conditions in the Matlab area and to set an &dprogorge of prices

for the contingent valuation scenarios. The study employed 20 local enors¢oatonduct the

Two respondents were the grandparents of children.
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interviews. These enumerators had experience working on other publit stadies conducted
by ICDDR,B, but they had not worked on a CV survey before. They received tws afee
training according to the guidelines recommended in Whittington’s resi€@¥ practices in
developing countries (Whittington, 2002). Afterward the enumerators praatipdeinenting the
guestionnaire via field tests and pretests.

The survey instrument had six sections of questions. The first sectiodaécor
demographic information about the respondent and members of the householdofide se
section had questions regarding the respondent’s perception of cholls@akked about the
respondent’s experience with cholera and about knowledge of other familyarsean friends
having contracted the disease and/or having died from it. The thirdrsddtussed how cholera
was contracted, spread, prevented, and treated; it also included qudstigtrtha respondent’s
previous experience with the oral cholera and TABC vaccines. Thisrsatto introduced the
CV scenario of the hypothetical new cholera vaccine, described thee/aceifectiveness, and
then tested the respondents’ understanding of the concept of vaccineaffesdi The visual aid
presented to respondents to help them understand vaccine effectivenedapies faom
Suraratdecha et al. (2005), and is presented as Figure 4.3. The fouadih cactained the CV
questions that were used to estimate WTP (described in Section At 3ifth section included
guestions to determine the value of a reduction in the risk of death f@si@ndent’s youngest
child (described in Section 4.3.4). The sixth section included socioecononiiosiedout
education, income, housing characteristics, household assets, disetisg-bebaviors,
economic status, and access to credit. This section also had questions otvarwkssage of

electricity, water, and telephones.
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Figure 4.3. Vaccine effectiveness visual aid (Suratdecha et al. (2005)

4.3.3 Contingent valuation scenario to estimate WTP for mortality meluction of the
household’s youngest child

This section includes more detail in the description of the infoomatiovided to
respondents because valuation for mortality risk reduction is coakigenore controversial and
difficult to present to survey respondents, especially those in dewglopuntries. The survey
guestionnaire informed respondents about children’s risk of death, preadmedthetical
nutritional supplement that would reduce the risk, and elicited responddhigjness-to-pay for
such a supplement in terms of its efficacy (two levels) and price (fuenpbssible sets of paired
amounts). The average risk of death from a number of causes is summarizaegter Ci{Table
2.1). Although the primary causes and numerical risks of death are mhifferehildren younger
than 5 years compared to older children, | used the same CV nutritional supplesnanibgor
all ages of children because of the length and complexity of the surteymest, the distances
traveled by interviewers to respondents’ households, and otheritbmgatf working in rural

areas. For respondents with more than one child less than 18 years, tiomsjadstys referred
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to the youngest child. Younger children were the focus because theyeartaoffeted for
vaccination and public health campaigns.

The entire nutritional supplement CV scenario is presented in Appendix firskhe
objective of this section was for respondents to consider all posskdefideath for children
and the relative likelihood of each. Following Corso et al. (2001), | presasteale that showed
pictures of a number of different causes of death such that the most commemagaesared at
the top of the scale and the least common at the bottom (Figure 4.4). Naxteasiniques
similar to Mahmud (2009), the enumerator instructed the respondent aboutilgyobsing coin
flips and die rolls as examples. The enumerator used Figure 4.5 to ekplakpected outcomes
for a single coin flip and for a series of 1,000 coin flips. After the cqireftample, the
enumerator turned to an example based on die throws. She pointed out thathabdity of
getting a 5 in a single die throw was considerably less than gettingaulaa outcome from a

single coin flip.

84



Respiratory Disease

i‘E '- 4

Drowning

Cance

Infections

Lightning strike

Gastro-intestinal

if deatl

85




Figure 4.5 Visual aid for probability of coin flip and die roll
[T T

Figure 4.6. Visual aid representing the average risof death for children in Matlab (adapted from
Alberini et al., 2004a)
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Next the enumerator introduced the hypothetical nutritional supplemémtabla
reduce the child’s risk of death. Each respondent received a randomly dsgignario such that
the supplement reduced the child’s risk of death from disease from 5 in 1,000 t¢agithar
1,000 or (b) 4 in 1,000 over 5 years. Respondents were shown another figure, which wds adapte
from a previous study by Alberini et al. (2004a) (Figure 4.7 or Figure 4.8). Tiases helped
respondents to visualize how the supplement would decrease the aimegtbaseline risk for
their child. | chose to use large risk reductions in the scenarios tovengrspondent
comprehension and because large changes in risk generate conservatestivigtes. Most
other VSL studies use smaller risk reductions relative to baselira.tdasking the valuation
guestions, respondents were told to assume that the cholera vaccine wadatdeand not to

consider the vaccine cost in their hypothetical purchasing decision.

Figure 4.7. VSL hypothetical risk reduction- high dfectiveness (adapted from Alberini et al., 2004a)
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Figure 4.8. VSL hypothetical risk reduction- low efectiveness (adapted from Alberini et al., 2004a)

| chose a monthly payment mechanism because of Matlab’s low average income and
because many respondents were farmers and did not have large amounts heash dhus,
the enumerator explained that the parent would need to continue buying thensumpaeery
month to maintain protection for the child. Each respondent was asked if dlbéy purchase the
hypothetical supplement at a monthly price that was randomly assigned frorayaafdive:
US$0.15, $0.30, $0.75, $1.50, and $7.50. Next, the respondent was asked if they would purchase
the supplement at a specified follow-up price, which was either higher ar, ldegending upon
whether the respondent agreed to the initial price. The respondentsgaereead a short cheap

talk script to urge careful and honest responses to the purchasitigmues
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4.3.4 Time to think treatment

Before the interviews began, respondents were divided into two groups. NTTméno ti
to think) respondents received the entire questionnaire in one siffimgtime to think)
respondents answered the first half of the survey, then were givenghido consider the
prospective “purchase” of the hypothetical vaccines for self andyfami to discuss the
decision with other family members; an interviewer returned the nexodaysh the survey.
The TTT treatment has previously resulted in lower estimatedllofgness-to-pay (Cook et al.,
2006; Lucas et al., 2007). It is possible that the TTT treatment wouldizerapresentative of
actual vaccine purchasing decisions because households would hatethink about their
decision, especially for vaccinations that must be purchased everydansgo maintain
efficacy.

Because the VSL section was always presented after the vacaimagiscit always
occurred in a single session—either in the single-day NTTT interaein the return-visit
portion of the TTT interview. Although TTT considerations were not tyrepplied to the
nutritional supplement purchase decision, TTT would have allowed respotweatsfully
consider their budget constraints prior to hearing the supplement scernaraisd possible that

respondents could have overestimated the importance of choleratyoetative to other risks.
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5 Model formulation

The policy models are developed in a number of stages. Both models requiiaation
of vaccination demand as a function of price, the epidemiology of cholera&agoniherd
protection and the interaction between demand, coverage, herd protection, amaktioscci
program outcomes. These program outcomes include coverage rates, casds avoiDdALYs
saved, which can be converted to monetary estimates of benefits and costs

The first section of this chapter includes a graphical summary af theesiretical
considerations. The second and third sections summarize thecstedistimation of the results
from the Matlab in-home surveys for household cholera vaccination demandarestimates
for households’ youngest children. The fourth and fifth sections detretapumerical
optimization models for maximizing net societal benefits and total Doy a cholera

vaccination program subject to a net revenue constraint.

5.1 Graphical model

The graphical model is used to demonstrate basic concepts. The relatiahsvip in
this section may not necessarily represent cholera vaccination iab\Mahe equations and
parameter estimates for Matlab are specified in later sectibisss@ction starts with an
examination of the simple relationships between price and coverageasatvell as between
coverage rates and herd protection impacts. These relationships esedxo estimate public
health outcomes, cases avoided and DALYs saved, as functions of price ageo#onomic
benefits can also be estimated from program outcomes. In the absence of herdmpyrotecti
economic benefits can be estimated directly from vaccination demand.cupegin with an

examination of vaccination demand. The demand curves in Figure 5.1 subdivideldetoa



adult, child, and total categories based on expected coverage ratediandwiqrice. It is
important to note that it is possible that a large percentage @$ aahal children would not
choose to pursue vaccinations even if vaccines are provided free af.dnawgder to receive a
vaccination, it is necessary to travel to and from a clinic or outposbamdittin line for service.
Since this dissertation examines policy in a developing country contex¢xpected that
coverage rates decline quickly as functions of price. Howevelpdssible that small groups of
adults and children have relatively high WTP (i.e. fat tails endédmand distribution). If herd
protection impacts are ignored, WTP benefits may be calculaetldifrom the integral of the

demand curve.
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Figure 5.1. Adult and child vaccination demand asunctions of price

The next figure (5.2) demonstrates a herd protection versus coveragasaiat The
figure is similar to the cholera vaccination herd protection figBu@) fpresented in Chapter 3. In
this figure, | demonstrate two distinct types of protection, assuming eagaveoverage rate of
about 35%. The purple or darker rectangle represents the baseling@uitection benefits (65%

reduction in baseline incidence) that would accrue to the 35% of the populaticectiaed
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vaccines. The green or lighter rectangle represents the additidivakt protection experienced
by both the vaccinated and unvaccinated populations. For vaccinated persens,dhencrease
from the direct protection rate of 65% to the effective protectiena®0%. Despite not
receiving vaccinations, unvaccinated persons’ effective risk etfioih would decline by more
than 70% if just 35% of the population were vaccinated. Thus, the expectedtipdotection

for unvaccinated persons would exceed the direct protection of vaccimati@absence of herd
protection at low coverage rates. Total incidence reduction fgrapelation would be calculated

by dividing the colored area by the total area.

Vaccinated herd Vaccinated protection

protection benefits i
Unvaccinated
protection

100

(o8}
o

B D
o o

Incidence reduction (%)
N
o

0 20 40 60 80 100
Coverage (%)

Figure 5.2. Delineation of direct versus indirect ptection with consideration for herd protection

The total number of cases for a hypothetical vaccination scenario wiithitoout
consideration for herd protection is shown in Figure 5.3. Without consideratibarfbr
protection, the number of cases avoided would be a linear function of tiragevate. The
linear relationship would depend on the baseline incidence, the dfeativeness of
vaccination, and the coverage rate. When herd protection is accountée faunber of cases

avoided is a nonlinear function of coverage, and the expected number adivazidesl is much
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greater. This suggests that vaccination benefits may be consjdendelrestimated if herd

protection benefits are unaccounted for.
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Figure 5.3. Cases avoided with and without considation for herd protection

The next figure (5.4) examines how total monetary benefits, which shoulflibet@n
of the number of cases avoided, and costs are influenced by herd protdatiootal costs are
assumed to be the sum of a fixed cost and a constant variable coshgésa linear function of
coverage. Monetary benefits can be estimated both with and without catisidef herd
protection effects. The total private benefits function is caedlbased on an integral of the
demand curve shown in Figure 5.1 without consideration for herd protection. If hexctiprot
benefits are ignored, the private benefit calculation is nonlinear lmedaugand is
heterogeneous. If coverage rates are assumed to be a function of wiegpécted that those
with the greatest WTP would be covered at low coverage rate®y.eolverage rates would
correspond with higher user fees, such that only those with high WTP would chposehase).
As coverage rates increase (due to decreasing user fees), thoseowéssively lower WTP
would choose to pursue vaccinations. Thus, the private benefits wowddseas coverage

increases; however the rate of increase decreases acrossrtheaage of coverage rates.
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The total social benefits function incorporates both direct and indiieetfits that result
from herd protection impacts. Because unvaccinated persons are alstegr@ad vaccinated
persons are protected at a greater effective rate), thesooiatal benefits increase at a faster rate
and societal benefits are greater than the private benefits df mliogection.

Net benefit calculations are the total benefits minus the total @ssthown in Figure
5.5. Similarly, the maximum net benefits are significantly larger afteounting for herd
protection impacts. In addition, the maximum net benefits occur at a higheagevate when
herd protection benefits are incorporated. Thus, the optimal ceveaxtegfrom a societal
perspective is greater when indirect protection benefits are pr@meounted. In order to
achieve this optimal coverage rate, it is necessary to use a Pigsutasidy to boost coverage
from the optimal coverage that results from private vaccination dasith the optimal coverage

rate for societal benefits (i.e. from 20% to 25% in Figure 5.5)..

500,000

400,000

Total social benefits Total private benefits-

no herd protection
300,000 /
200,000
/ Total costs
100,000

Y

0% 10% 20% 30% 40% 50%
Coverage

COl savings US$

Total cost, Sales revenues, and Public

Figure 5.4. Total benefits and costs of a vaccinati program
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benefits US$

Net social benefits and net private

Figure 5.5. Net benefits of a vaccination program

Figures 5.4 and 5.5 examine hypothetical vaccination benefits and costs ianyonet
terms; however, public health professionals often prefer to consider pudilic betcomes. In
Figure 5.6, | present cases avoided, DALYs saved, and total coststssiof coverage (with
consideration for herd protection). The total cost curve is again a furedion of coverage;
however, the DALYs saved and cases avoided functions are both incressitigrfs; however,
like, the benefit estimate curves, the rates of increase deslioeverage increases.

Returning to Figure 5.2, it appears that community incidence would decreaiie aapi
coverage increases from low coverage rates. At higher coveragieimatdence is already
reduced to almost zero. Thus, further increases in coverage wouldelaixeely modest impacts
on incidence. The decreasing marginal changes in incidence aréeckftethe average and
marginal cost per DALY saved functions, as summarized in Figure 5.7. €hegawcost per
DALY curve is u-shaped because of competing effects. At low coverage ttadixed
component of cost may dominate the variable component of cost becaesexéasosts would
be spread across a small number of recipients. The average castgpation declines as

coverage increases. At high coverage rates, the variable cost componkhti@minate the
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fixed cost component. However, at high coverage rates, the marginal chaages avoided per
change in coverage declines because most cases have already mbh @hois, the marginal
cost per DALY is greater at high coverage rates. The marginal qdS¥jheY increases
monotonically as a function of coverage because of diminishing herd poteffects and
because fixed costs do not affect the marginal cost calculatioralDtleere is much more
variation in the marginal cost per DALY than the average cost per DAh¥ average cost per

DALY varies from US$100-150 over a range of coverage rates from 10%-30%.

1,000 $300,000
800 - -+ $250,000
Cases avoided Total costs -+ $200,000

600 -
-+ $150,000

400 —
// DALYs saved -+ $100,000
200

Total cases avoided and DALYs saved

// 1 $50,000
- T T T T $0
0% 10% 20% 30% 40% 50%

Coverage

Figure 5.6. Total costs, cases avoided and DALYsw&l as functions of price
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Figure 5.7. Average and marginal costs per DALY sad

In conclusion, a number of important insights are obtained from Figures 5.gHtsau
First, the omission of herd protection may lead to considerable underestiohaases avoided,
total societal benefits, and optimal coverage rates. In additionvénage cost per DALY may be
overestimated. This could potentially lead to under-provision of nations. These figures also
demonstrate that it may not be optimal to provide free vaccinations.urefd, the net societal
benefit curves are downward-sloping over the range of coverage rate25486. Thus, it may
be possible to collect some user fees to offset the cost of the proginstil achieving
socially optimal coverage rates for the example shown. Finallyp Ishlsw that the average and
marginal costs per DALY are not constant and that single point essimaienot be sufficient
for cost utility analysis.

These figures assume that an entire community would purchase vacsratthe same
price. However, it may be optimal to charge different prices to diffexgbgroups (by age or by
incidence). The rest of the chapter summarizes the mathematical nhadelart be used to

develop similar figures using empirical data. | begin with a summary ahtiteling approaches
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that | use to estimate WTP for cholera vaccinations and for mortaktyeduction. The basic
modeling approaches assume no herd protection effects. These modes @&gpanded to

incorporate the herd protection effect.

5.2 Household demand for cholera vaccines (no herd protection)

This section demonstrates my models for estimating vaccinatisardkas function of
household characteristics and an exogenously assigned user fee. Followingydhelss of
Cropper et al (2004), Canh et al (2006), and Cook (2007), | assume the household decision-
maker’s utility function depends on each family member’s consumption & sameraire good
(X)), leisure timel(;), a vector of household characteristics, and the risk of becoming ill with a
specific illness §), and the expected treatment and productivity costs of illness imgased i
family member gets sickCOI). Assumingn family members, the utility function is:

(5.1) U=u(Xy,.... % Li....ln Si-.., S, COL,...COWL)
The decision-maker maximizes utility subject to the household budgetaiohgyiven in eq.

5.2'8
5.2) | +ivvi(T—Li):iXi + p\,iQi + pmiMi

The left-hand side of eq. 5.2 is the amount of income available to the housetiaart be used
for the numeraire good and for prevention and treatment of disease. Tkisisrttof household
non-earned incomé)(and earned income, whesgis the wage for family membeand the total
time available iF. The right-hand side of the equality is the sum of household expenditure on

the numeraire good, on preventiqR i€ the price of prevention and iQdexes the quantity of

®Note that | assume that lost productivity is inargied into the cost of iliness on the right haiuig ©f
the equation rather than the left hand side ofdtpeation. For a disease like cholera, the time tsiflen
should be very small relative to work and leisimeet
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prevention purchased for tifehousehold member), and on treatment of the disgase (
treatment cost anll; indexes the quantity of treatment purchased for household member i).
The head of household selects valueX,df, Q; andM to maximize household utility
subject to the budget constraint and to their health production functatagstéd from
(Grossman, 1972). The solutions to q series of these maximizationrpsopkdds a demand

function for preventive care

53 6=Ya.
=

where q is the amount of prevention chosen by the decision-maker, e.g., the numbaimdsac
the decision-maker purchases. Note that uncertainty is modeledittypliassume the decision-
maker takes into account the probabilities, mortality risks, anthtesé costs of getting ill in
arriving at g*. Rather than define household demand for prevention as an aduititrerf of
demand for individual members, | simplify household demand as a funcijaf ti{e prices of
prevention and treatment, household non-wage income (l), a vector of each houseHmd snem
wage (v), a vector of household characteristiéy @nd a vector of the health characteristics of
family membersH):

6.4 a=9(@ pnl,w, Z,H.

The total household willingness-to-pay (WTP) for vaccines dtner preventive

measures) fon household members is calculated by integrating the inversendefmaction g

() from O ton vaccine¥’.
(5.5) WTP=[g™(q,1,w,ZH)dg
0

The model requires some additional structure in order to estimaterémegpers of the

demand function g(in eqg. 5.4 and to calculate WTP. First, combine the characteristics of

¥As a Marshallian demand function, this assumesttteamarginal utility of income is constant.
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household, the vaccine and prevention (including terms |, w,ZandH in eq. 5.4, as well as
variables for the study like whether the respondent was given ehtiek and the respondent’s
neighborhood) into the vectdt. Further define the bid price of the vaccine offered to
respondents in the contingent valuation survef.aéssuming an additive and separable utility
function, the model | estimate statistically is:

(5.6) 9K, A) = explis - Ap) + &

To estimatgs andf, from the observed data, | use the negative binomial regression
model, a variant of the Poisson count model. The Poisson-distributed probattilityerving the

respondent buying vaccines for alhousehold membersis

exp(expi; S - AB,))-exp(X; 8- AB,)"

(5.7)  Pla=n]= "

The Poisson model constrains the conditional mean and conditional varidneel ata
to be the same. Relaxing this assumption, the negative binomial model addsadjatributed

error term taX;4 to allow the two to differ. The predicted number of uigjtpurchased by

household at priceA is given by eq. 5.8. Notice that when the bid price is zero (i.e. there are no

user charges), A=0, angl is simply expX/).

(5.8) § =expis- ABp)
To calculate the percentage of the sample that would purchase a\acaigpecific
price, | sum the expected number of vaccines purchasedHrhalliseholds in the sample and

divide by the total number of household members in the sample.

H H
(5.9) Percent coveragez expXis-Asp) / Z (Members in household i)

i=1 i=1

Because the sample was spread across a numbdtagesj | assigned each interviewer to a cluster of
nearby households. Because there are likely tanbbserved similarities among neighboring househalds
used a cluster correction for standard errors.
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Again, willingness-to-p&y to vaccinate the entire household (antindividual person) is the

area under the inverse household demand cury@ gnd to the left of household size
(5.10) WTR= j 97(@. X dg
0
Equivalently, | can also integrate the demand functignoger prices A.
(5.11) WTR = T expeis - Abp) dA
0
©
= — Lpp- expKpB-ABD) | = [exp&B)]/-Bp

WTP is simply the household consumer surplus calculated at®price Next, | define

an average WTP per person in each househdlTd/ n; (i.e. the total household WTP divided

H
by the number of household members). The population average WTP per persoryiisimpl
i=1

WTR / i n.

i=1
As price increases, the predicted number of vaccines purchaseesléatieach
household. | would like to estimate the average WTP per vaccine purctetbed than per
person) as price increases and demand declines. Misamon-zero, the household’'s WTP per
vaccine is comprised of the consumer surplus at gric@* plus the expenditure on vaccines
divided by the expected number of vaccines purchased (i.e8xg*fp)). Eq. 5.12
characterizes the consumer surplus at pkiegp*, and eq. 5.13 characterizes household

expenditures ah = p*.

ZThe theoretically correct measure of WTP is thekiimn compensating variation. Because we asked
respondents how many vaccines they would buy ae i | actually observe a Marshallian demand
function; consumer surplus, not Hicksian compengatariation, is the area | calculate with eq. 5.This
“uncompensated” demand should theoretically bestéglfor income in order to observe true Hicksian
compensating variation, but | make the common aptiomthat the income effect is likely to be so 8ma
that the Marshallian consumer surplus which | olesés a reasonable approximation of Hicksian
compensating variation (Willig, 1976)
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(o8]
(5.12) CS=—1/pp-expXp — ABP) |p~ =1fp- expXp — p*pp)
(5.13) Expenditures = p*expXf — p*£p)
and average WTP per vaccin&is

(5.14) Average WTP/vaccine = (Expenditure + CS) / expected coverage

_ (exp(XiB— p* B,)-(p* + 1/,) —p*_1/
exp(X - p* B,) P »

Thus, unlike the average WTP per person calcufated eq. 5.11, the WTP per vaccine is
dependent only on the price coefficient and theepait which vaccines are offered for sale.
Because my modeling approach uses the same peéiecemnt for every household, the WTP per
vaccine is the same for all households (thouglptbdicted number of vaccines purchased will
vary by household). If vaccines are provided freeharge the average WTP per vaccine
received is simply -Hp. The average WTP per vaccine should not be carsidenalogous to
the average WTP per person if a significant fracctbthe population would choose not to
receive free vaccines. The average WTP per penstudies zero values for those predicted not to
pursue free vaccines. In contrast, the WTP periraanly includes the fraction of the
population that is predicted to purchase vacciwegh varies as a function of price. The WTP
per vaccine is important for calculating the prévaenefits of vaccination as a function of the
price charged.

Note that this framework can be applied for vae@demand for household members of a
specific age group (i.e. young children, schoolérkn or adults). The only differences will be 1)
n indexes only the number of household membersanhage group, and 2) disease incidence

should be less variable among family members oilairages, and 3) the characteristics included

“Note that this derivation is only applicable for aaiditive, separable utility function with an exgeatial
price-demand relationship. For example if | usegl fpoice in place of price in eq. 5.14, this derivat
would no longer be correct.
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in the vectoiX; may differ somewhat. Note that my derivation doesassume a discontinuity in
demand for free vaccines. In the survey resultsespondents, | found that the fraction of
respondents that said they would receive free masqi85%) was much greater than the
estimated demand for free vaccines using the stalisnodels (35%Y. This suggests there may

be a discontinuity in the demand function for fraecinations.

5.3 Children’s value of statistical life

Theoretical approaches for modeling parents’ wgttiess-to-pay to reduce mortality risk
for children turn on whether parents value mowaiik reductions for children due to altruistic
intentions, or paternalistic intentions. As Joneg-(1991; 1992) explains, a purely altruistic
concern would optimally result in a direct wealtinsfer from giver(s) to receiver(s), who could
then freely choose to purchase an optimal levek&freduction without further involvement of
the giver. A purely paternalistic approach assuthatthe giver only values mortality risk
reduction for the receiver, being indifferent te threferences of the receiver. Of course parents’
regards for children are somewhere between pungsatt and pure paternalism. Parents are
concerned about a variety of aspects of their odild well-being besides their mortality risk.
However, parents’ interests in reducing their aleilds mortality risk is likely to be greater than
that of the children themselves, owing to childsdiack of experience with causes and risks of
death (Cropper and Sussman, 1988; Jones-Lee, 199ds-Lee, 1992?.

For the analysis, | simplified Jones-Lee’s unitdegision maker approach (1992) to

modeling familial WTP for a public good that reddarortality risk for all family members

“Note that respondents were told respondents tlaines would be available at a convenient clinitug;
there should be some travel and waiting time cegén for free vaccines. Given these costs, | migit
expect a discontinuity for free vaccination.

%An additional complication is introduced when comipg a mother’s and a father's separate valuations
for a mortality risk reduction for one of their ren. Some authors (e.g., Mount et al. 2001) have
developed game theoretic constructs to explore fpen@nts make joint decisions. Others (e.g., Cropper
al. 2004; Dickie and Gerking 2003) use a simplatam household model where a single decision-maker
optimally allocates resources among family members.
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simultaneously (as well as for the public at largiethe model, the household decision maker
decides whether to purchase a private good thaldweduce the mortality risk only for one
member of the family. Unlike Jones-Lee’s model, lilgpothetical nutritional supplement used in
my survey was a private good that would only aftaetsurvival probability of the family
member that used it, (i.e. the youngest childgsuane that the decision maker maximizes the
household utility function, which includes the fdyts consumption of a numeraire goagthe
probability of death for each offamily members prior to the next periog))( and a vector of
socioeconomic characteristics of each familyThe representative utility function is represénte

as

(5.15) U =u(wW, 7,7, ,..., 7, X).

s
| assume that the utility function is increasingvand decreasing for eagf and that

the marginal willingness to trade off a decreaseuiment consumptiony, for a decrease ia,

can be obtained by simple differentiation. The rivaigate of substitution between the

numeraire good and a one-month risk reduction fiermember can be considered as the VSL.

(5.16) VSL = (06U /ox;)/ (60U low)=ow/or; .

This calculation assumes that VSL is constantriégss of the magnitude of mortality
risk reduction. Given the large mortality risk retlans (20% or 60% of total health-related
mortality risk) specified in the VSL scenario, fiesults may be limited by this assumption.

The econometric model is based on a stochastitydtihctionv(h,y;X) + &, withh=1
if the respondent wanted to purchase the suppleamtit = O if not. The other components are
household incomg and a vector of socioeconomic variab¥esxpected to influence preferences.
The stochastic termy, is assumed to be independent and identicallyiloliged. Similar to other
studies (Alberini 1995; Alberini, Boyle, and Wel2003), | find that answers to the follow-up

price question in the survey were influenced bygengation of the initial price, and suffer from
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starting point bias issué3As a result, | only use the first price to mode tlecision to purchase.

The probability that an offer is accepted at pAces

(5.17) Priye9 =P v(L y; — A; X)=V(0, y;; X,)>& —& ]=F(-Av) = F(A ,0)

54 Net societal benefit optimization

The calculation of economic benefits begins witbatpns 5.14 and 5.15 such that the
private willingness-to-pay for direct protectidf;TPd, as a function of price for subgrouis

(5.18) WTPd = (p* - 1/8p) - exp&if) + Bpi - p*) = O - LiAp) - ai - exp@pi - p),
wherep* is the optimal price for subgroupsp is the price coefficient for subgroup i, aids
the demand intercept for subgraumvhereg; is expressed as the number of people vaccinated at
price equal to zero (not the fraction of populaopressed as a percentage).

Eq. 5.18 is maximized when price is set equal to aed coverage rates are maximized.
The maximum private WTP for direct protectid®®TPMAXd is

(5.19) WTPMAXd= (-1/6p) - expif) = (wi /fp).

In the absence of herd protection, only vaccingezdons’ risk of infection is reduced by a
fraction representing the direct efficacy of vaation. Unvaccinated persons’ risk of infection
would remain equal to the pre-vaccination basel&fore defining economic benefits of herd
protection, it is necessary to define functionahfs for the coverage-incidence relationships
effected by herd protection for both the vaccinaed unvaccinated subgroups. The variable
COV is coverage for subgrou@nd is based on the demand relationsgbiV, = o; - exp@p; -
pi*). The coverage-incidence relationship for unvaateid persons in subgroufiINCU)) is

assumed to be the following exponential relatiomshi

%A bivariate normal model was also used to jointigd®l the responses to the first and second prides.
coefficients estimates for the two questions weatisically different at the 1% level. | also estited
interval models based on normal, lognormal, andbiedistributions. The Weibull distribution best the
data and provided average WTP estimates that vegesimilar to those from the probit models. (Media
WTP estimates from the Weibull interval model wsnealler.)

105



(5.20) INCU; = INCU, - expi,1 - COV1+ 9,2 - COV2+ ...)
wherelNCU, is the baseline incidence for grougndyi,1 andyi,2 are herd protection
coefficients. The choice of an exponential funcemsures that the magnitude of incidence
reduction will be greatest at low coverage ratakthat the rate of change will decrease as
coverage increases.@fOV, represents the number of people vaccinated in ®aayroup, the
herd protection coefficients determine the impactéased coverage on indirect protection by
subgroup, allowing for differential rates of impdgt subgroup. Thus, an increase in coverage for
subgroup 1 may have a greater impact on herd piamtethan an increase in coverage for
subgroup 2.

Next, | assume that the direct efficacy of vactiom Eff, is constant such that the
vaccinated subgroup incidence is a fraction ofutmeaccinated incidence rate, specifically 1 -
Eff. Thus, the expected incidence rate for vaccinpgesons in subgrougINCV) is

(5.21) INCV, = (1Eff) - INCU..

TheselNCU, andINCYV, relationships can be used in combination withviliingness-to-
pay for direct protection functions to estimate va&ie of indirect protection. The estimated
benefits for vaccinated persons can be calculaasddon eq. 5.19 foWTPd and the difference
in incidence reduction with and without considematior herd protection. This difference can be
calculated from (Eff) - INCU’ —INCU,). | assume that vaccinated persons would value the
reduced risk of infection due to herd protectiooyvbver, | do not have any empirical data on the
prevalence elasticity of demand. In the absendata, | assume that vaccinated persons’
willingness-to-pay for indirect protectioW/TPvj, are proportional to the magnitude oftff} -
(INCU®% — INCU)) according to

(5.22) WTPvj = zv - Eff - INCU% —INCU) / (Eff - INCU%) - WTPd
whererv is a correction factor for the value of indireetsus direct protection for vaccinated
persons. The fractiofEff - INCU® —INCU;) / (Eff - INCU), represents the ratio of the

magnitudeof indirect protection to the magnitude of diremtection without herd protection.
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For example, assume that the baseline incidéN&)’;, is 1 case per 1,000 persons, vaccination
efficacy, Eff, is 65% and that the incidence for unvaccinatedgres INCU;, is 0.50 cases per
1,000. Without herd protection, the incidence aforaated persons would be (Ef) - INCU’, =
0.35 cases per 1,000 persons. With herd proteirtaidence declines to (1Eff) - INCUS =
0.175 cases per 1,000 persons. Thus, the rati@éct to direct protection would be 0.175/0.65
= 0.27, indicating that the additional indirect feion is about a quarter of the expected direct
vaccine protection without regard for herd protactiThis is multiplied by a correction factor,
7V, such that the sum of willingness-to-pay for dirgmed indirect protection for vaccination
persons is (1 + 0.75.27)- WTPdor 1.20- WTPd

Next, | develop an expression to estimate unvatethpersons’ WTP for indirect
protection. Recall that; is the fraction of the population that would reeea free vaccination.
For now, | assume that the rest of the populaf@®R, - o;, has no value for indirect protection.
Thus, | focus on the remaining portion of the pagioh that would accept a free vaccination, but
would not purchase a vaccination at ppgce Recall from eq. 5.19 that the total WTP for afre
vaccination program without consideration of herotgction iSWTPMAXgor —o; / Sp; for
subgrougd. Next, | define the change in WTP benefits in mgwviirom a program that offers
vaccines at pricpi* to a free program.

(5.23) WTPMAXd-WTPd = (-0i / fp) - (0™ - LIBp) - @i - exp Bpi - p*)

This would represent the potential value of pratector the unvaccinated if their
incidence were reduced to exadtyCU; = (1-Eff) - INCU, i.e. the expected direct protection
from vaccination without herd protection. Of coyrisés unlikely that the unvaccinated incidence
would be exactly (Eff) - INCU’. | set up a second ratio that relates the unvatainincidence
reduction due to herd protection relative to threatiprotection-induced incidence reduction
effected by vaccination in the absence of herdgatiin: (NCU’, - INCU)) / (Eff -INCU%). Using
this ratio, the estimated willingness-to-pay fadtirect protection for the unvaccinatélTPuj is

(5.24) WTPuj=zu - (INCL’ - INCU,) / (Eff - INCLP) - (WTPMAXd- WTPG)
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wherezu is a correction factor for the value of indireetsus direct protection for the
unvaccinated subgroup. In the sensitivity analysian also assume that persons unwilling to
purchase vaccines would have some non-zero WTgrdbection. This would occur if people
were unwilling to spend time procuring vaccinationsf they were frightened of vaccination
side effects. | again assume that WTP is propatitmthe magnitude of protection, similar to
egs. 5.22 and 5.24. | have already accounted éomtbnetary benefits for those with non-zero
willingness-to-pay, as represented by the demanctifon interceptg;. The remainder of the
population iSPOR —a;. The willingness-to-pay for indirect protectiorn those with zero WTP
for vaccinations is

(5.25) 7u - (POR —a) - (INCU% — INCU) / (Eff - INCU®) - TIME - MED_WAGE-

CORR.
whereTIME is the average time required to receive two dofekolera vaccinelED_WAGEis
median hourly wage rate, a@DRRIs a correction factor that relates the value tigguired for
vaccination and the median wage rate. This asstimethe maximum willingness-to-pay for
indirect protection by those unwilling to receivéee vaccination is equal to the opportunity cost
of time required to pursue a free vaccination.

Next, | examine the public cost of illness avoid€lis is equal to the number of cases
avoided multiplied by the average public COI pegecd discount these savings over three years
at 8% interest using a present worth functPWF. The following expression summarizes the
public COI savingsPUBSAY, for groupi.

(5.26) PUBSAVY=PUBCO| - PWF- (POP, - (NCU’ —INCU,) + COV, - (NCU; —

INCV)

The cost function is simply assumed to be a fixest plus a constant variable cost

multiplied by the coverage for each graup

(5.27) Total costs £ +C - (COV1+COV2+...)
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Now, | am prepared to calculate the set of optipnades that maximize societal net
benefits via unconstrained optimization. | excltitke unvaccinated benefits for those with zero
WTP for vaccinations, eq. 5.25. | revisit thesedfigs in the sensitivity analysis. Without these
benefits, net societal benefits are calculated fiteersum of eqgs. 5.18, 5.22, 5.24 and 5.26 less eq.

5.27. If  assume that there are four subgrougsctimplete expression would be
(5.28) 2.41 [(1 +zv -Eff - INCU% —INCU,) / (Eff - INCU%)) - (@* - 1/8p) - i -

exp(fp - p*) +zu - (INCU'; - INCU;) / (Eff -INCU®) - ((-ai / Bp) - (o - 1/8p) -
o - exp fp: - p*)) + PUBCO| - PWF - (POR - INCL', —INCU;) + COV, -

(INCU, —INCV)] - F - C - (COV; + COV, + COV; + COV)
= Z; [ WTPd+ WTPvVj + WTPuj + PUBSAY] - F - C - (COV; + COV, +

COV; + COVy)

An optimal set of pricegql*, p2*, p3*, p4*, can be solved for via Lagrangian analysis or
similar numerical methods. If public COI benefite amall relative to WTP benefits and herd
protection benefits are minimal, the optimal saativould set price equal to the marginal cost of
vaccination. Eg. 5.28 assumes that either theigpbbhlth ministry or an external donor would
be willing to pay the difference between socialhimal prices and revenue neutral prices.
However, the program may be constrained to be tevarutral. The net revenue constraint is

program revenues plus public COIl savings less progrosts as shown in eq. 5.29.
(5.29) )" [COV-p* +PUBSAV - F-C- (COV, +COV,+COV; +COV) > Z

whereCOV - pi* represents the revenue generate through vacairsgies to subgrouat price
p* and Z is a fixed external contribution which mayzeeo. The maximum societal net benefits
subject to a revenue constraint can be solved kegeange multiplier approach using the

following equation
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(5.30) L= z; [ WTPd + WTPvVj + WTPUj + PUBSAY] - F - C - (COV; + COW, +

COVs+COV;) —21- (Y [COV,- p* +PUBSAV - F-C - (COV, + COV, + COV; +

COV,) - 2)

wherel, is the undetermined Lagrangian multiplier, whigmdtes the marginal change in the net

societal benefits per unit change in present vagtgevenue. The optimal pricg$ can be found

numerically or by using calculus to solve for i $014,0L1/0(p;) = L 1/0(r)=0.

In summary, the net societal benefit maximizatiquations contain many variables

despite a number of simplifying assumptions, initigdhe following:

*

| assume that demand is independent of herd prateeffects. While this is
reasonable for the first vaccination period, it mgelikely that prospective
purchasers would change their behavior in subseéqueniods as they become
aware of herd protection impacts.

I model demand based on an average uptake of \aitgis for each subgroup.
However, there may be spatial differences in uptakes within subgroups.

| assume that indirect protection benefits can akeutated based on simple
fractional incidence reduction relationships beealisdo not have any data
regarding valuation of indirect protection.

| assume that the population can be modeled basectlatively simplistic
subdivisions of the population. | assume four sub@ins based on the
subdivisions | use in the empirical models in Chaft

| assume a linear marginal cost function.

5.5 Public health outcome (DALY optimization

The analysis in Section 5.4 requires monetizaticthe@economic costs and benefits of

vaccination. In this section, | reexamine vaccioragprograms in terms of public health outcomes,
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specifically, cases avoided and DALYs saved. laalyeestimated cases avoided in the estimation
of public COI savings. In order to calculate thenter of DALY's saved, it is necessary to
estimate disutility units per case. The disutitigpends on the degree of incapacitation
experienced during the illness, the duration okfls, the case fatality rate, and the expected
number of life years lost per case (Jeuland e2@03).

The average number of DALYs saved per case avasdealculated for each of i groups
over the duration of the program. The total nund§ddALYs incorporate both reductions in
morbidity (years of life lost to disability;LD) and mortality (years of life losY,LL). | used
uniform age weights that apply the same value texdra year of life regardless of the age of the
recipient. | also use country-specific life expecias,LE, based on ICDDR,B life tables for the
Matlab area ((ICDDRB), 2005). The numbers of liteags saved for each age group are
discounted using a 3% real discount rate.

(5.31) YLD saved per case = (IGFR) - DUR, - DALY weight

(5.32) YLL saved per case €FR /0.03- (1 — exp(-0.03 LE))

(5.33) DALY, saved per case avoided’eLi+ YLD, / (1 + 0.03)
whereCFRiis the case fatality ratBURI is the disease’s average duration, tisdhe time span
of vaccination protectiorDALYweightis a weight that compares the disutility of livimith the
disease to death. The total number of DALYs sasemtjual to the number of DALYs saved per
case multiplied by the number of cases avoided.olipective function for DALY maximization

is thus
(5.34) z; DALY; - (POR - (INCUOi —INCU)) + COV, - INCU; —INCV))

Without a revenue constraint, the maximum numb&Ad_Ys saved would result from
a free vaccination program. For comparison withrtbesocietal benefit optimization, it is again

necessary to include a net revenue constraint.rigtisesvenue constraint is the sum of
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vaccination sales revenue and public treatmentsaashgs less program cost. The full

Lagrangian equation for DALY maximization with atmevenue constraint is thus

(5.35) L.= Z; [DALY; - (POR - INCU’ —INCU) + COV, - (INCU; — INC\}))] -
A2 z; [COV.: p* + PUBSAY] - F-C- (COV, + COV, + COV; + COV)) - Z]

wherel; is the undetermined Lagrangian multiplier, whigmdtes the marginal change in the
DALYs saved per unit change in present value netmae. The optimal pricgs* can be found
numerically or by using calculus to solve for i 0l4,0L ,/d(p;) = oL 2/o(rw)=0.

I am not aware of any published articles that exarhiow to maximize DALYs saved
subject to a revenue constraint. This may be useshwonsidering how to set prices across
subgroups for a single intervention or it may begilale to expand this analysis to consider how
to set prices for multiple interventions given agé¢ revenue constraint. It is necessary to
understand the price-coverage and coverage-hetection relationships to employ this analysis.
These data are not commonly available, which wouddlude the widespread use of this
approach.

For locations where data are available, it is Usefaompare approaches that maximize
societal net benefits with those that maximize DALWhen comparing eq. 5.30 with eq. 5.35,
the net revenue constraints are the same. Thiistadites arise from the marginal change in the
DALYs saved per unit change in present value nafrree compared to the marginal change in
the societal net benefits per unit change in ptess#ne net revenue. The herd protection effects
should be similar for both the societal net bereitulation and for the DALY calculations. All
else equal, the subgroups with greater impactsot fprotection should be charged lower user
fees. For example, since school-age children hayreater impact on influenza vaccine herd
protection than other age groups, they should begeld lower user fees since herd protection

effects may be experienced across subgroups.
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When comparing one subgroup to another, differemcbaseline incidence rates and
DALYs saved per case would influence optimal prisesh that, all else equal, subgroups with
higher baseline incidence raté8CU%, and more DALYs saved per case avoid2Al Y;, should
be charged smaller user fees. In contrast, if pUb®I savings are small in comparison to
program costs, net societal benefits are maximideeh all groups were charged the same price
(i.e. a price similar to the marginal cost of vaation). In fact, incidence rates may not have
much influence on WTP benefits. For example, inkdtd, private WTP for cholera vaccines was
higher in a average incidence, middle class neididmnl than in a high incidence, low income
neighborhood (Whittington et al., 2009). If pultiieatment cost savings are large compared to
program costs, subgroups with higher incidencesratel higher public COI per case estimates,

PUBCOI should be charged lower prices.
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6 Contingent valuation survey results for household cholera vaccinath demand and
children’s value of statistical life

This chapter presents the estimates of householdrehvaccine demand and estimates
of children’s VSL based on results from my contimgealuation studies. Section 6.1 summarizes
respondent and household characteristics of syragicipants. Section 6.2 presents a statistical
analysis of household cholera vaccine demand.@e6tB presents a statistical analysis of VSL
estimates for the youngest children of househadddh on the nutritional supplement scenario.
Finally, Section 6.4 presents a comparison of ioifpliSL estimates generated from a
combination of cholera vaccine WTP data and chdl¥phdata with the VSL estimates
generated from the nutritional supplement scendhe. article published iHealth Policy
summarizing the household cholera vaccination densimcluded at Appendix 2. The

children’s VSL study is formatted as an article §abmission and is included as Appendix 3.

6.1 Household sample characteristics

Prior to examining household demand for choleraivations, | summarize
socioeconomic and other characteristics of the Eargince the optimization models subdivide
populations into high and average incidence sulpg,osummary statistics are provided by these
subgroups in Table 6.1. The high incidence groppesents households located in the villages
with the highest incidence (top 10% based on dasated at the ICDDR,B hospital over the
previous 10 years). The average incidence grougsepts households in the remaining 90% of
villages. Incidence rates were not a samplingrioite thus, these groupings were created after
data were collected. In my sample, the top 10%illafges experienced incidence rates that were

twice as large as the remaining 90% of villageseNloat estimates for the entire Matlab area



would indicate that the top 10% of villages expecieabout four times greater incidence than the
remaining villages (See Table 4.1). In additiom, ithicidence rates observed for villages in my
sample are about twice as high as for surveillanea as a whole in Table 4.1. This suggests that
incidence rates for all of the villages in my saenpiay be greater than for the remainder of the
surveillance area. Recall that | was unable to $aufnpm the entire ICDDR,B surveillance area
due to travel time constraints. It is notable tiadib of high-to-average incidence villages is &rg
for shorter observation periods (i.e. using a 3-ypdservation period instead of a 10-year

period).

Some of the overall average characteristics warerarized in Chapter 2. The average
respondent was about 40 years old with less thanygars of education. The average household
had about 3 adults, 2 school-age children anditildren less than five years of age. These
households had average household incomes of al8#it3Jand monthly per capita incomes of
about US$21 after adjusting household sizes by OE@iivalency scales. Education rates were
slightly higher in the average incidence villagag, differences were generally not significant.
Respondents in the high incidence areas were wignify more likely to be unable to read a
newspaper. The differences in educational achiemedid not appear to influence income as the
average household per capita incomes were exaetlydme across groups. Emch (1999) also
found that neither household income, nor houseaséets were correlated with cholera incidence
based on a study of patients treated at the ICDDRdpital.

Descriptive statistics of experience with and adkits towards cholera and vaccines are
summarized in Table 6.2. Households in the averagidence villages were significantly more
likely to treat drinking water, although very fewuseholds treated water in either group. In
addition, most of the high incidence villages wieated in the government service area. This is
not surprising because there have been fewer heddtted research studies conducted in the
government service area. In the high incidencagdls, a larger fraction of respondents reported

that they had experienced a case of cholera wiitlgilnousehold. However, more respondents in
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the average incidence villages reported that tmeyksomeone outside the household that
experienced cholera. Respondents from averageeimoédvillages were also more likely to
believe that cholera is common in their commurittgt their children are likely to contract
cholera and that cholera is serious or very sefimuadults. Thus, it appears that the fear of
cholera may actually be lessened in villages wheralisease is more common. The differences
in attitudinal variables are not large, but they significant.

Importantly, the average travel time from villagehbspital is not statistically different
between average incidence and high incidence etlaghis suggests that differences in
incidence rates are not caused by differencesspitad accessibility across villages. It is also
important to note that residents of high incidevilages were significantly less likely to be

selected for the time-to-think treatment.

Table 6.1. Variable definition and descriptive stastics (Respondent and household characteristics)

Average High

incidence incidence
Variable name Description Mean (SD) Mean
(SD)

(N=524) (N=67)

Respondent characteristics

Male respndent Gender =1 if male, =feifale 0.50 (0.50) 0.43
(0.50)
Age Age (yrs), continuous 40 (10) 40 (9.0)
Practice Hinduism Religion = 1 if Hindu, 0 = else 0.07** 0** (0)
(0.26)
Education 1-5 years =1 if respondent completedykabs of school, 0.36 (0.48) 0.33
0 =else (0.47)
Education 5-10 years, =1 if respondent completed 5-10 years of scho6l18* (0.39) 0.13*
vocational vocational school, or madrassa, 0 = else (0.34)
Education more than 10 =1 if respondent completed university, 0.13 (0.33) 0.04
years postgraduate or professional course, 0 = else (0.22)
Unable to read = 1 if respondent is not able td meaewspaper,  0.51*** 0.69***
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Average High

incidence incidence
Variable name Description Mean (SD) Mean
(SD)

(N=524)  N=67)

0 =else (0.50) (0.47)

Household characteristics

Infants number of infants (<1 year), continuous 2010.34) 0.16
(0.37)
Young children number of children age 1-5, contimio 0.75 (0.72) 0.66
(0.69)
School-aged children number of children 6-17, cottis 1.7 (1.1) 2.0**
(1.3)
Adults number of adults age 18-65, continuous BA)( 3.2 (1.6)
Monthly income per hh income divided by number of hh members 14 (11) 14 (12)
capita (US$ per month), continuous
Log income per capita Natural log of hh income diégd by number of 7.3 (0.7) 7.3 (0.72)
hh members, continuous
Gender of hh's youngest =1 if male, =0 if female 0.52 (0.5) 0.45 (0.5)
child
Age of hh's youngest Age (yrs), continuous 6.5 (4.9) 5.6 (3.9)
child
Household income =1 if hh income is between about'2and 58' 0.15(0.36)  0.07
quartile 2 percentiles (0.26)
Household income =1 if hh income is between about'sand 75' 0.23(0.42) 0.16
quartile 3 percentiles (0.37)
Household income =1 if hh income is between about"7and 99' 0.27 (0.45)  0.27
quartile £ percentiles (0.45)

& This corresponds to an average household montbyme of US$75 (Tk. 5000).

® The household income could not be divided intacegaartiles because a number of households often
reported the same income. For example, about 1 A%eqiopulation reported an income of Tk 100 per
day. For these duplicate values, households weigrel to the lower income quartile. As a reshi, t
lowest income quatrtile included 32% of the houséwol
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Table 6.2. Variable definition and descriptive statics (Perceptions of disease, vaccine history and
characteristics of research design)

Average High
incidence incidence
Average Average
Risk behavior, perceptions of disease, vaccindtistory (SD) (SD)
Treat drinking water =1 if household treats water for drinking, 0 =0.20** 0.07**
9 else (0.40) (0.26)
) =1 if someone in household has had cholera,
Someone in household has = g|ge 0.36* (0.48)  0.46* (0.50)
had cholera
Know person who has had =1 if knows someone outside hh who has ha@l29** 0.13**
cholera (outside hh) cholera, but not some in hh, 0 = else (0.45) (0.34)
Cholera is very serious for = 1. if respondent bell_eves cholera is (very) 0.65* (0.48)  0.54* (0.50)
adults serious for adults, 0 = else
) _ =1 if cholera (very) serious for children, 0 =
Cholera is serious for else 0.84(0.37)  0.85(0.35)
children
Cholera likelv for =1 if respondent believes he or she is likely
y or very likely to contract cholerain next5  0.21 (0.41) 0.18 (0.38)
respondent _
years, 0 = else
Cholera likely for = 1 if respondent believes his or her child will0.42** 0.25**
respondent’s child likely contract cholera in next 5 years, 0 = els@.49) (0.43)
Believes cholera is =1 if respondent believes cholera is commorD.24** 0.13**
common in community in his or her community, 0 = else (0.43) (0.34)
Respondent believes =1 if respondent had oral cholera vaccine a
vaccine is still working believes that it is still effective, 0 = else %1'24 (0.43) 0.27(0.44)
Respondent unsatisfied =1 if respondent was not satisfied with
P previous vaccine for self or family member, 00.025 (0.16) 0.015 (0.12)

with vaccine

Average annual incidence
in villages over previous 10 =average annual cases per 1000 persons

years

Average travel time to
village by traditional
methods

= else

=minutes to travel to village reported by

Characteristics of research design

Time to think (TTT)

ICDDR,B

enumerators 72(31)
e . . . _ 0.49**
=1 if given time to think ovaight, =0 else (0.50)
Health service area; = 1 if ICDDR,B, =0 if g gg#*

government (0.49)

1.0%+ (0.3)L** (0.2)

82 (26)

0.34**
(0.47)

0.05%*
(0.20)
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6.2 Household cholera vaccination demand

Next, | summarize household cholera vaccinationatehresults from the contingent
valuation survey. The average fraction of househwthbers vaccinated decreases as the price
increases and for respondents given time to thifik}. In the raw data, | find that many
respondents (74%) either decide to purchase vactinall family members or for none of their
family members. Relatively fewer respondents (26P@ose to purchase vaccines for some, but
not all of their family members.

Negative binomial regression results for the hoakktiemand model are summarized in
Table 6.3. Average marginal effects, which reftéet change in population average demand for a
unit change in a single variable, are summarizethivle 6.4. Statistically significant variable
coefficients typically correspond to statisticaignificant marginal effects. Price is highly
significant and there is an average marginal dsergastated demand of 0.12 adult vaccines and
0.20 child vaccines per family for a price increfrsen US$1.00 to US$1.50. The change in
vaccine demand is larger for children because ¢émeaehd intercept for children is greater. Note
that the adult and child price coefficients areikinin magnitude.

Village incidence rates appear to be negativelyetated with demand; however,
coefficient estimates are not statistically sigrdfit for either adult or child models. While it
might be expected that higher incidence villagesikhhave higher WTP, it appears that the
discrepancy in incidence rates were not large emacgoss the sampled villages to result in
statistically significant differences in WTP. Inditibn, attitudinal data suggests that households
in high incidence villages tend to believe choisrkess serious than households in other villages.
Generally, respondents residing in the ICDDR,Biserarea and TTT respondents state that they
would purchase fewer vaccines for both age groayes,age marginal decreases are about 0.34
adult vaccines and 0.48 child vaccines if given RO 0.21 adult vaccines and 0.18 child
vaccines for the ICDDR,B service area. Male respatgland respondents from wealthier

families purchase significantly more vaccines; agermarginal demand increases by 0.16 adult
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vaccines and 0.30 child vaccines per 1 log uniteiase in monthly per capita income. Average
marginal demand decreases by 0.003 adult vaccime8.812 child vaccines as respondent age
increases by one year. As expected, responderitdanger families are shown to purchase more

vaccines. This is true for all age groups.

Table 6.3. Household cholera vaccine demand negatibinomial regression results

Model Adults (n=582) Children age 1-17
(n=582)
Price (Tk) —0.0049*** —0.0054***
(-9.1) (-11)
Average annual incidence over last 10 years -116 1 -9
(-1.25) (-1.21)
Time to think —0.47*** —0.44%**
(-4.9) (-5.2)
Male respondent 0.33*** 0.077
(2.76) (0.80)
Resident from ICDDR,B service area —-0.29* -0.17*
(2.44) (-1.80)
Age 0.054 —0.011**
(0.84) (-2.0)
Education 1-5 yrs. 0.16 0.10
(1.23) (0.98)
Education 6-10 yrs. 0.38** 0.24**
(2.39) (1.97)
Education >10 yrs. 0.11 0.09
(0.57) (0.62)
Log income per capita 0.25*** 0.29***
(2.79) (3.9)
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Model

Adults (n=582)

Children age 1-17

(n=582)
No. of infants < age 1 -0.055 0.02
(-0.37) (0.17)
No. of children age 1-5 -0.038 0.40***
(-0.53) (6.9)
No. of children age 6-17 -0.088 0.39***
(-1.64) (8.9)
No. of adults age >18 0.35*** 0.02
(11.2) (0.65)
Practice Hinduism 0.31 0.04
(1.59) (0.23)
Serious or very serious for children -0.16 -0.15
(-1.1) (-1.9)
Serious or very serious for adults 0.28** 0.26***
(2.46) (2.93)
Cholera likely for respondent 0.24* 0.18*
(1.84) (1.65)
Cholera likely for children 0.15 0.02
(1.34) (0.26)
Someone in hh has had cholera 0.05 -0.028
(0.43) -(0.30)
Know someone other than hh member that -0.25* -0.11
has had cholera
(-1.77) (-1.03)
Resp had prior vaccine; was satisfied and 0.19 0.19**
thinks vaccine still works (0.92) (2.07)
Resp. had prior vaccine; not satisfied -0.57* -0.06
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Model

Adults (n=582)

Children age 1-17
(n=582)

Treats water

Constant

Pseudo-R

(-1.22)
-0.021
(-0.16)

—2.67*
(~2.9)

0.020

(-0.19)
0.15
(1.54)
—1.87%
(=3.29)

0.19

* indicates significance at the 10% level
** at the 5% level
*** at the 1% level
T—statistic in parentheses

Table 6.4. Average marginal effects for householdegative binomial regression

Price (US$; 1 unit US$0.50)

Average annual incidence over last 10
years

Time to think

Male

Resident from ICDDR,B service area
Age (yrs)

Education (category- 0, 1—5, 6—10, >10)
Log income per capita (log Tk per cap)
No. of infants < age 1

No. of children age 1-5

No. of children age 6-17

No. of adults age >18

Practice Hinduism

Cholera likely for respondent

Cholera likely for children

-0.12%** (-8.0)

-81 (-1.2)

-0.34%** (-4.3)
0.22* (2.5)
-0.21%* (-2.53
0.0032 (0.67)
0.056 (1.3)
0.16* (2.5)
-0.044 (-0.39)
-0.026 (-0.49)
-0.064 (-1.6)
0.25 (11)
0.26 (1.4)
0.22* (1.9)

0.10 (1.2)
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-0.20%¢-10.2)

-98 (-1.22)

-0.48%* (-5.2)
0.083 (0.80)
0.18* (-1.85)
-0.012** (-1.95)
0.062 (1.27)
0.30%** (3.81)
0.015 (0.11)
0.43% (7.1
0.42%% (9.4
0.017 (0.60)
0.054 (0.27)
0.23*7L.

0.01 (0.10)



Someone in household has had cholera 0.031 (0.34) 0.03 ¢-0.30)
Unsatisfied with previous vaccine -0.35* (-1.9) 1D(-1.0)

Treats water -0.013 (-0.14) 0.17 (1.44)

* indicates significance at the 10% level
** at the 5% level
*** at the 1% level
T—statistic in parentheses

The number of vaccines purchased increases signifycfor respondents who believe
that cholera is a serious disease for adults orhefieve that adults are likely to contract chalera
The average marginal increase in demand if respasdelieved that cholera is likely for adults
is about 0.22 for both adult and child vaccines dltiference is much smaller and not significant
for the same belief for children. This discrepaircthe importance of attitudes for adults
compared to children might result if parents areenisk averse about their children’s health
than their own. Respondents who had previouslyivedea cholera vaccine generally stated that
they would purchase more vaccines for their familigless they were not satisfied with the first
vaccine. Previous recipients wanted additional weescdespite the widespread belief that their
previous vaccine was still effective in reducirgkril find that respondents who treat their
drinking water purchase more vaccines for childlen,the difference is of borderline
significance. The possible correlation between ivecdemand and water treatment would
suggest common preferences for risk averting behavi present a single model in Table 6.3,
but | tested a number of different models. For eplam also estimated models to separately
predict demand for high incidence and average @émgd subgroups. The results from these
models could be used to fit separate demand furecfir high incidence villages. However,
these models had fewer significant variables aediliood ratio tests suggested that combined
models performed better. In addition, since incaderates did not significantly influence
demand, | chose to use the same demand functiohggfoincidence and average incidence

villages in the optimization models.
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Figure 6.1 shows raw and predicted household defrfmradtiult and child vaccines as
functions of price. Comparing the raw data to tredrted data, it appears that the predictions
may underestimate demand at low prices and overatgtidemand at higher prices. It is
important to note that the raw data do not acctarmon-price variables used in the multivariate
predictions. Figure 6.1 shows that the predictadtion of children vaccinated is higher than that
for adults at any price. These findings suggegtréspondents place precedence on vaccinating
children over adults. This is consistent with mydings that cholera incidence and diarrhea
mortality are greater for children, especially yguildren. My best WTP estimates are about
US$1.0 per adult and US$1.6 per child age 1-17syddre median WTP corresponds to the price
in Figure 6.1 at which 50% of an age group popaoifais vaccinated. The median WTP is about
US$0.35 for children and it would be necessaryatp gdults to achieve a 50% coverage rate. The
large differences between mean and median WTP a&stinndicate that there is great variation
in WTP for cholera vaccines among households.Herotvords, there is a large portion of the
population that is only willing to pay small amosimtf money if any for cholera vaccines, while
there is also a small fraction of the populatiothviiigh WTP. Specifically, although the
estimated average adult WTP is about US$1, | prélatit only 25% of the adult population
would choose to purchase a US$1 vaccine. The rémgarid% of adults would choose not to be

vaccinated if price were set at the average WTihat.
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Figure 6.1. Predicted and raw coverage rates asiduns of price by age

In summary, vaccine demand is strongly influencggtice, income, self-perceived risk
and severity of disease, and whether respondesgss/es time to think about their decision.
While self perceived risk tended to be significastjimates of actual incidence by village are not
statistically significant for adults or childrem fact the coefficient estimate is negative, which
would indicate that, all else equal, householdséRperience greater incidence would be less
likely to purchase a vaccine. While this may selbogical, | did find that risk perceptions were
generally less in the high incidence villages. Tégdents of high incidence villages were less
likely to think cholera was serious or that thaimily members would likely contract the disease.
Thus, fear of the disease may have been greatee imverage incidence villages.

However, there is a caveat for this finding. N¢t&ttincidence measurements are
confounded by distance to the ICDDR,B hospital {iikages further from hospital are more
likely to self-treat or visit other health facigs). The distance from village to hospital has a
negative correlation with incidence at the 25% ificgmnce level (the sample was restricted to
villages located within 2 hours travel distancéna$pital. The correlation would likely have been

greater if | had included all villages.) Ali et £006) also found a strong negative correlation
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between incidence of cases treated at the hogpithtlistance from the hospital. However, on
average for my sample, the travel times from higtidence villages are not statistically
significantly different than for the remaining 9@8fvillages. Thus, while travel distance is
important, it is not the only driver of variatiom incidence.

There is likely to be less incidence variation frone village to the next in the Matlab
area than between slum, middle class and afflugeighborhoods in urban areas (e.g., in Matlab).
In those situations, it is likely that proper aceting for incidence would have a greater effect on

vaccine demand and policy analysis in general.

6.3 VSL estimate for children

The results from the VSL study are discussed irendetail in Appendix 3. For this
study, parents were asked if they would be willimgurchase a nutritional supplement that
would reduce their youngest child’s risk of deatinf all disease-related causes by an
exogenously assigned 20% or 60%. Parents wereaghiyd about their youngest child and
would have to pay for the supplement every montinamtain protection. | summarize the raw
demand data by age and percentage risk reductibabile 6.5. | do not include results for
children less than one year of age because the#liba risk is much greater than other ages and
because | am not sure how breast-feeding motheukvirterpret the usability of the
hypothetical nutritional supplement. Householdg/lrich the youngest child is less than a year
old are omitted from all analyses. As shown in €ahll, the annual baseline risks of non-
accident mortality are about 2.1x1for the children between 1 and at 2.9 years, Di%dr
children between 3 and 4.9 years and about 0:5drCchildren older than 5. The effective risk
reduction is the baseline risk for that age growitiplied by the percentage risk reduction that
was randomly assigned, either 20% or 60%. With @iffierent baseline mortality risk rates for
each of the four age groups and two exogenousigraess percentage risk reduction scenarios,

there are eight different effective risk reducti@mues faced by survey respondents as shown in
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Table 6.5. Since sampling was not stratified by, agene of sample sizes by price are quite
small. As a result, there would appear to be samkeskn the demand curve; however, these
disappear when results are aggregated over theevghohple. Generally, the fraction of the
parents willing to purchase monthly supplementgHeir youngest child is greater at lower
prices and for larger effective risk reductions.

It is easier to visualize trends by combining thésta into two subgroups: a large risk
reduction group and a small risk reduction grougsd an annual risk cutoff of 4 x 1@ define
the high and low risk groups and plot raw demand fasction of price in Figure 5.4. This figure
shows that the distribution of WTP for the largeknieduction may have a large tail, which
indicates that a small fraction of the populaticowd purchase the supplement at very high
prices. The tail appears to be much smaller foidher effective risk reduction group. Although
stated demand is greater for the group that redehelarger risk reduction, the difference in
demand is smaller than would be expected if WTRevigearly correlated with risk reduction
magnitude.

Nonparametric Turnbull lower-bound estimators (Haatd McConnell 2002), can be
calculated based on the raw demand reported ireTabl The average WTP per month varies
between US$0.6 and US$3, and generally decreasles affective risk reduction increases. It
should be noted that these estimates are verytisertsi uptake at the highest price. Given the
small sample sizes associated with each cell,ggesaffirmative response to the highest price has
a large impact on the Turnbull estimator. Thesenfbull estimates can be converted into VSL
estimates for each subgroup by dividing the avenagiethly WTP by the monthly mortality risk
reduction. Because the data per cell are limitedelage the VSL estimates across the large and
small percentage change scenarios for each agp.grba average VSL estimate is smaller for
children between 1 and 2.9 years, but relativetystant for children older than 3. It is not
surprising that VSL estimates are smallest forythengest age group because their baseline risk

is twice that for children between 3 and 4.9 yedirage and four times greater than children older
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than 5 years. In order to observe equivalent VSimases across age groups, the young
children’s WTP would have to twice as great relatiy 3-4.9 year olds, and four times greater

than older children to balance the difference imtaiiby rates.

0.8 ]

0.6
\ Risk reduction > 0.4/1000
0.4
0.2
Risk reduction < 0.4/1000 \

0 T T T T T T T
0 1 2 3 4 5 6 7 8
Price (US$)

Fraction of households willing to pay for
monthly supplement for youngest child

Figure 6.2. Raw demand for hypothetical mortality iisk reduction
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Table 6.5. Raw demand data and Turnbull estimatesybage

Age Baseline %risk Effective annual Coverage Coverage Coverage Coverage Coverage Turnbull Turnbull
group annual change risk change at at at at at Avg. WTP  Avg. VSL
risk (1x10°) US$0.15 US$0.30 US$0.74 US$1.49 US$7.44  per month
(1x10°)
20% 0.42 0.9 0.7 0.8 0.4 0.2 $2.0 $40,000
129 51 (n=9)  (n=17) (n=16)  (n=21)  (n=6)
yr 60% 1.26 0.9 0.6 0.7 0.6 0.1 $1.5
(n=10) (n=22) (n=13) (n=16) (n=8)
20% 0.22 1 0.6 0.4 0.6 0.1 $1.3 $60,000
349 14 (n=9)  (n=14)  (n=8)  (n=8)  (n=11)
yr 60% 0.66 0.9 0.7 0.4 0.4 0.4 $3.1
(n=7) (n=16) (n=15) (n=5) (n=8)
20% 0.12 0.6 0.8 0.5 0.3 0.1 $0.9 $60,000
5-9.9 0.6 (n=11)  (n=15)  (n=21) (n=18) (n=7)
yr 60% 0.36 0.8 0.7 0.6 0.2 0 $0.6
(n=16) (n=18) (n=20) (n=19) (n=10)
20% 0.08 0.7 0.6 0.3 0.3 0 $0.6 $60,000
>10 0.4 (n=15)  (n=18)  (n=20)  (n=16) (n=7)
yr 60% 0.24 1 0.6 0.4 0.4 0 $0.7
(n=10) (n=9) (n=18) (n=22) (n=9)




Multivariate probit models are used to identify Hueioeconomic determinants of
demand for the nutritional supplement. The depeineemable is a binary representation of the
decision to purchase the supplement and the indepérariables include price, effective risk
reduction and a series of socioeconomic variaklesfficient estimates from three multivariate
probit models with cluster corrected standard erese included in Table 6.6. Table 6.7 shows
the marginal changes in the probability of purctfasa 1-unit change in each variable after
averaging over the sample. The first model, Modelnits respondent age and water treatment
variables to avoid collineraity issues. Note thalcdcage was omitted from the list of independent
variables for all models because the effective etsknge is a direct function of child age; thus,
the inclusion of age would result in collineari@onsistent with the raw data results, the analysis
revealed that price and magnitude of risk reductienstrongly correlated with the decision to
purchase the supplement. The probability of pureliesreases by about 5% for a US$0.50 price
increase and increases by about 2% for a 1/10Jd@@ge in annual risk. When respondent age is
added to the model, the coefficient for effectiis reduction becomes smaller but remains
significant. The coefficient for male respondestpositive and the average marginal effect (4-
7%) is quite large; however, these findings aréljigncertain and not significant at the 10%
level. There is no difference in demand among nedents living inside versus outside the
ICDDR,B service area. All models show that respaoitsigith more education and higher income
are significantly more likely to purchase the sappent. Average marginal probability of
purchase increases by about 10% for a one-caté@gusase in education compared to 5%
increase for a one-income-quartile increése.

Respondents who are given time to think overniglouathe hypothetical cholera
vaccine are significantly less likely to agree twghase the hypothetical nutritional supplement

for their youngest child. The 16% average margilegrease might result from the additional

%For marginal effects, | had to estimate a model teabined dummy categorical variables into a sing|
ordered categorical variable for income quartiled education categories.
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time that they could have used to consider budgetamnstraints prior to approaching the
supplement section of the interview. Parents aoeital® more likely to purchase the
hypothetical supplement for male children, but thfference is of borderline significance. When
the youngest child is the only son, the differeiscgignificant at the 5% level. Respondents’
estimates of baseline risk of death for childretheir villages are not included in the multivagiat
analysis because so many respondents were ungiievide estimates. In addition, | learned
that respondent estimates of mortality risk aremmmised by the way the question is presented.
Our respondents provided estimates of the numbeitzfren that lived in their village (mean
2,300, SD 22,000) and then estimated how many ndighfrom disease in the next 5 years (mean
62, SD 500). Many respondents (22%) were unaléasaver one or both of the questions,
despite encouragement to venture a “best guess’niddian estimated risk of death based on
these answers was 10 in 1,000, which is about 2gBehthan the actual risk of death from
disease for children age 1 to 4 years and abo@b40@her than the risk of death from disease
for older children. We discovered than another 49%he respondents reported that there were
500 or fewer children in their village. These snealimates of the child population would limit
the resolution in respondents’ estimates becawsexpected number of children that would die
was always an integer.

Table 6.6. Multivariate regression of parental demad for nutritional supplements for their
households' youngest children

Model 1 2 3

T-statistic in parentheses

Supplement price -0.0036*** -0.0036*** -0.0036***
(-6.9) (-6.8) (-6.9)

Male respondent 0.11 0.20 0.12
(0.75) (1.3) (0.76)

Resident from ICDDR,B service area -0.036 -0.041 .040
(-0.21) (-0.20) (-0.20)
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Model 1 2 3
Received time to think for -0.41%** -0.41%** -0.40*
Cholera vaccine experiment (-3.7) (-3.4) (-3.4)
Respondent age -0.011
(-1.5)
Respondent older than 55 years -0.25*
(-1.7)
Risk reduction (annual*1000) 0.45** 0.32* 0.39**
(2.6) (1.9) (2.3)
Education 1-5 yrs. 0.36** 0.35** 0.33**
(2.2) (2.2) (2.0)
Education 6-10 yrs. 0.61*** 0.53** 0.60***
(3.0 (2.5) (2.8)
Education >10 yrs. 0.77*** 0.71*** 0.82%**
(3.0 (2.7) (2.9)
Log income per capita 0.31*** 0.31***
(4.6) (4.4)
HH income quatrtile 2 0.30
(1.6)
HH income quartile 3 0.36***
(2.8)
HH income quatrtile 4 0.37**
(2.0)
Youngest child is male 0.17 0.17 0.15
(1.6) (1.5) (1.4)
Treats water 0.15 0.16
(0.65) (0.77)

132



Model 1 2 3
Hindu respondent -0.55* -0.58** -0.57*
(-1.8) (-2.0) (-2.0)
Constant -2.1%* -1.6** -0.21
(-4.7) (-2.5) (-1.2)
Log likelihood -296 -297 -297
Average WTP per month US$1.50 US$1.50 US$1.50
VSL estimate US$22,000 US$16,000 US$19,000

* indicates significance at the 10% level
** at the 5% level
*** at the 1% level
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Table 6.7. Average marginal effects estimated frordeterminants of parental demand for nutritional

supplements

Model

1

2

3

Supplement price (increment $0.50)

Male respondent (yes/no)

Resident from ICDDR,B service area (yes/no)

Received time to think for cholera vaccine
experiment (yes/no)

Respondent age (increment 1 year)
Respondent older than 55 years (yes/no)
Estimated risk reduction (1/10,000 annually)
Education (increment 1 education category)
Log income per capita (increment 1 log unit)
HH (increment 1 income quatrtile)

Youngest child is male (yes/no)

Hindu respondent

Treats water (yes/no)

-0.048 (.0071)

0.040 (0.059)
-0.(0L@81)

-0.16 (0.043)

0.0L89)
0.103)
0.0227)

0.066 (0.042)

-0.21 (0.10)

0.049 (.0071)
0.074 (0.059
-0.0014 (0.082)

-0.16 (0.046)

-0.0047 (0.0032)

0.0013 (0.068)
0.10 (0.035)

0.12 (0.028)

0.(16045)
-0.22 (0.10)

0.058 (0.090)

-0.0048 (0.0072)
0.051 (0.059)

-0.0038 (0.082)

-0.16 (0.046)

-0.0958)
0.16 (0.068)

0.11 (0.037)

0.053 (0.22)

0.061 (0.044)

-0.22@p

0.063 (0.085)

T-statistic in parentheses

Average willingness-to-pay for a nutritional suppknt is estimated from the parameter

estimates for each of three probit models. The jatipn average WTP for supplements for

households’ youngest children is about US$1.50wpeth for all three models. This estimate is

within the range of Turnbull estimates presente@iahle 6.5. The probit WTP estimate is an

average across all age groups and effective rakcten scenarios, and is not directly

comparable to any of the Turnbull estimates. Nio&¢ &ge groups are based on the different ages

for each household’s youngest child not for alldrien in all households. Approximate VSL

estimates can be calculated by dividing the caefiicfor risk reduction by the price coefficient.

Although the average WTP per month was constansaanodels, VSL estimates varied from

134



US$16,000 to US$22,000 because the coefficienigkreduction varied across the model
specifications depending on whether respondentagdancluded and how respondent age was
specified.

These VSL estimates represent the average traoetwieen mortality risk reduction and
price in the demand equation. As demonstrated IoheT& 5, it is likely that WTP for a nutritional
supplement would not be a linearly function of thagnitude of risk reduction. Rather, VSL
estimates depend on the magnitude of risk redugtiesented. | believe this is generally the case
for this population. Thus, parents appear to beemaglling to purchase the supplement for
younger children that face greater baseline rigkieath. However, they are still willing to
purchase the product for older children with muctaker risks of death as long as the price is
reasonable. The VSL to annual income ratio is athBt25, which is at the low end of the values
reported in Table 3.2. It is important that theasiin Table 3.2 refer to adult VSL. | am not

aware of any estimate of parents’ VSL for theitatan.

6.4 Comparison between cholera vaccine WTP estamatel nutritional supplement VSL
estimates

| can now compare my nutritional supplement VSlulsswith cholera vaccine WTP
estimates. In general, vaccines should reduex anteprivate expenditure on treatment,eX)
anteproductivity losses for sick patients and theinetakers, 3) reduced risk of pain and
suffering from cholera symptoms, and 4) reducddafscholera mortalityEx anteprivate cost of
illness (COI) estimates are inclusive of the fiveb types of benefits, while generic mortality risk

reduction valuatiof would cover the fourth type of benefit.

Z'Generally, | think that the value of generic matyarisk reduction multiplied by the magnitude of
vaccine risk reduction plus the expected privagatinent cost savings would be approximately equal t
vaccine WTP. Recovered cholera patients are uglikelexperience long term disability, which would
complicatecomparisondetween generic mortality risk reductions and vaeSVTP.
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| expect that vaccine WTP estimates from my CV suswshould be inclusive of all four
of these benefits. Cholera vaccine mortality riskéfits can be calculated based on the product
of vaccine effectiveness, VSL estimates, and chateortality rates. These mortality risk
reduction benefits can then be addedx@nteprivate COI (also multiplied by vaccine
effectiveness) for comparison with WTP estimatdgesE calculations for VSL + COI benefits
are summarized in Table 6.8.

Because the ICDDR,B diarrhea hospital provides tiregment for cholera patients, the
patients’ex anteprivate COIl are modest. | do not have explicibdat cholera mortality, though
| do have estimates for diarrhea mortality. | krttnat cholera patients comprise about 10-25% of
all diarrhea patients treated at the ICDDR,B hasggersonal communication with hospital
staff). | also know that less than 1% of cholertgpas will die if treated properly (Ryan et al.,
2000). | presume that mortality rates for otheetypf diarrhea treated at the ICDDR,B would
also be quite low, but | do not have that data.tRerupper and lower bounds of cholera mortality
risk estimates, | assume that 10% to 50% of atrléa deaths are caused by cholera. My best
estimate is that 20% of diarrheal deaths are debdtera. This is based on the facts that 1)
cholera is a virulent form of diarrheal disease andholera cases comprise 10-25% of all
patients with diarrhea presenting at ICDDR,B hagpit

For this comparison, | assume that the cholerainaatill be 50% effective for 3 years
to allow for a direct comparison to the choleracihae WTP study. (Note that recent herd
protection research suggests that 65% is a bétéetieeness estimate for the direct protection of
vaccination.) The COI and mortality risk reductimenefits are summed and discounted at an 8%
financial rate over a 3-year perigtMy best estimates of VSL are US$15,000 for both ag

groups. The lower bound for both groups is US$1@,0®e upper bound for young children is

#The financial discount rate (8%) is greater thanBALY discount rate (3%) used to discount futiife |
years. The larger value is more representativen afi@rest rate that might be necessary to proaloan to
pay the upfront costs of a vaccination program Imictv future public treatment cost savings are etqukc
This financial discount rate should be differergtrtta discount rate for future life years.
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assumed to be US$25,000, while the upper boundldier children is US$50,000. | chose a
higher upper bound for older children because t¥8ic estimates in Table 6.5 appear to be
greater.

The overall average WTP per fully-vaccinated cfiilel 2 doses of cholera vaccine) is
US$1.6. If children are split into two groups, theerage WTP for vaccinations for 1-5 year olds
is US$2.4 compared to US$1.2 for older children®d& years (Islam et al., 2008). Thus, WTP
is considerably greater for younger children wismdhce a higher baseline risk of death from
diarrhea. For sensitivity analysis, | assume ttwael bound estimates are about half of these
values and that upper bound estimates are twigeeas. Similarly, | assume that the lower bound
and upper bound estimates of private COI are atalfiand double the values reported in Table
4.3. The lower bound and base estimates of WTBasged on estimates for respondents given
time to think. The upper bound estimates corresponalues for respondents who were not
given time to think.

Vaccine WTP benefits should be inclusive of alethofex anteprivate treatment
savingsex antemortality risk reduction benefits, aea antereduced pain and suffering benefits.
| cannot separately evaluate the value of redua@dand suffering, so | assume it should be the
difference between WTP benefits and the other tgpeenefits as shown in Figure 6.3. This
figure shows the relative contributions of eactetgp discrete benefit to the overall private WTP
estimate. The expected private COIl savings fora8syef vaccine protection are about US$0.04
for young children and US$0.02 for school-age ckitd These values are about 1-2% of the
estimated private WTP per vaccinated young chil8$2l4, or per vaccinated school-age child,
US$1.20, as estimated from my CV survey. This ssigghat private COI savings in isolation
are a poor estimate of the private benefits of ation. Ex antemortality risk reduction benefits
are estimated to be US$1.70 for young childrend®#0.24 for older children. These are
equivalent to 70% of WTP estimates for young cleitdand 20% of WTP estimates for school-

age children. The remaining benefits are reducedgal suffering, the value of which can be
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back-calculated from the other types of benefitshasvn in Figure 6.3. The back-calculated
value of reduced pain and suffering is about US$@7 young children and about US$0.95 for
older children. These would represent 28% of taf@P benefits for young and 80% of total
WTP benefits for school-age children.

In the CV survey, respondents were asked to idetitd most important benefit of a
cholera vaccination. Most respondents stated tleatost important benefit was either to prevent
pain and suffering (51%) or to reduce risk of d€2#6). Very few respondents (8%) cited
avoided treatment costs or lost wages as the pyibverefit. These stated beliefs are consistent
with my comparison betweax anteCOl, ex antemortality risk reduction benefits, and WTP for
vaccination estimates. For older children, my lestimate of WTP for vaccination (US$1.20) is
much greater than my best estimate of COIl + VSimases (US$0.25). | speculate that parents
may have overestimated the risk of death from chdlar older children, who actually have a
very small diarrhea mortality risk. Alternativetie value of reduced risk of pain and suffering
might be a more important consideration relativentotality risk for this age group. Similar to
the nutritional supplement results, | find thatgrds are less willing to purchase vaccines for
older children (i.e. WTP is lower); however, théaaf vaccine WTP to vaccine mortality risk
reduction is still greater for older children besatheir risk of death was much less than for
younger children. Notably, the value of reducedh@aid suffering is very similar for young

children (US$0.70) and older children (US$0.95)\ae/ similar.
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Table 6.8. Summary of incidence, COI, VSL, and vadate WTP by age

Young Children

School-age children

Upper/ Lower

bound Best Lower Upper Best Lower Upper
Private COI Direct
per case treatment $4 $2 $8 $4 $2 $8
(ex post) costs, US$
Indirect
treatment $4 $2 $8 $4 $2 $8
costs, US$
Total
private
treatment $8 $4 $16 $8 $4 $16
costs, US$
Annual Incidence (cases
per 1,000) 3.8 1.9 7.2 1.6 0.8 3.2
Estimated cholera fatality
rate (20%/10%/50% of 8.8E-05 44E-05 2.2E-04 1.2E-05 5.8E-06 2.9E-05
diarrhea deaths)
geSaLth US$ per statistical $15,000  $10,000 $25,000 $15,000 $10,000 $50,000
Annual ex ante private COI $0.03 $0.01 $0.12 $0.01 $0.00 $0.05
Annual ex ante mortality $1.30  $0.44  $550  $0.18  $0.06  $150
Discounted vaccine benefits for 50% effective — 3 year vaccine®
Discounted private COI
benefits, US$ per vaccine $0.04 $0.01 $0.15 $0.02 $0.00 $0.07
Discounted mortality risk
reduction benefits, US$ per $1.70 $0.57 $7.10 $0.23 $0.07 $1.87
vaccine
Discounted total benefits
(COI + mortality), US$ per $1.70 $0.57 $7.20 $0.24 $0.08 $1.90
vaccine
Stated WTP for cholera
vaccination from CV survey, $2.40 $2.40 $3.80 $1.20 $1.20 $2.30

USs$

#Benefits are discounted using 8% annual discouat RWF for 3 years=2.58
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Reduced
mortality

risk: Reduced
. US$1.70 pain and
’ suffering: Reduced
US$0.70 pain and
suffering:
US$0.96
Reduced
Reduced mortality risk: Reduced
ex-ante US$0.23 - ex-ante
a0l Gk
US$0.04 US$0.02
Young Children (age 1-5 years) School age children (age 5-17 years)
WTP Benefits: Us$2.4 WTP Benefits: Us$1.2
Cholera annual incidence: 3.2/1000 Cholera annual incidence: 1.6/1000
Cholera mortality risk: 8.8E-05 Cholera mortality risk: 1.2E-05

Figure 6.3. Graphical presentation ofx ante benefits

The lower bound COI + VSL benefits tend to be serdtan the lower bound WTP
estimates, while the upper bound COI + VSL estisi&gad to be greater. The difference between
lower bound and upper bound COI + VSL estimategerater than for WTP benefits, because
the uncertainty in mortality rate and VSL estimates multiplied together. Overall, the COI +
VSL estimates appear to be consistent with the \&&tnates after accounting for the
uncertainty. This might seem somewhat surprisirgabse the number of deaths due to cholera
comprise a relatively small fraction of the totalhmber of child deaths in the Matlab area. As
demonstrated in Table 3.2, scenarios with largérreductions usually generate smaller VSL
estimates (within the same population). Howeves Mdluation scenario for the cholera vaccine
required an up-front payment of the entire coghefvaccine, which was then effective for 3
years. As a result, the mortality risk reductiaonira one-month supply of the nutritional
supplement is similar to the protection providedhry cholera vaccine over a 3 year period (i.e.
the risk of death from cholera was about 1/36 eftttal risk of death from disease for young

children).
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7 Matlab policy model

7.1 Policy model input parameters

This chapter incorporates the Matlab-specific diatian the previous chapter into an
integrated economic model that summarizes the emstbenefits of cholera vaccination. In
addition to these data, | need to make a numbassifmptions. Model input parameters are
summarized in Table 7.1. This table includes my bsSmate for each parameter in addition to a
range of possible low and high values. | splitMetlab area into four different subgroups:
children in high incidence villages, children irea&ge incidence villages, adults in high
incidence villages, and adults in average incidefitages. The population is split such that 10%
of the population resides in high incidence vilegad the remaining 90% live outside these
villages. Based on Table 4.1, it appears thatgekawith the top 10% of incidence experience
about four times greater incidence than the reta¥illages. This represents the maximum
potential difference between the highest incideviik@ges compared to the rest of the Matlab
area. It is possible that incidence is undereséthat many villages because patients seek
treatment at other facilities besides the ICDDRBital, especially patients that live in villages
located farther from the hospital in the northeart pf the surveillance area. In personal
conversations with hospital doctors, they statedl ey believed that certain areas are more
prone to cholera than others. However, it is pdsghat these doctors are somewhat biased by
their experience of working at the hospital. Alegively, differences may occur at geographical
areas smaller than villages, such that differeacesmall after averaging across entire village
populations. Among the villages in my CV survey p@mwhich included the majority of those

located within two hours of the hospital, the t@3d.of villages experienced twice the incidence



of the remaining 90% of villages over 10 years.réstrict the observation period to 3 years
instead of 10 years, the top 10% experience mame4himes the incidence of the remaining
90%. | explore this maximum difference (i.e. 4 tenggeater incidence in the top 10%) to
understand whether it is useful to attempt to talnggh incidence geographical areas in Matlab.
Thus, the baseline scenario represents an uppedlbffierence in incidence rates between high
and average incidence villages. Smaller differemacesexplored in the sensitivity analysis. If it is
not useful to target prices assuming a larger égamcy in incidence, it definitely would also not
be useful for smaller discrepancies.

Thus, | adjusted my estimates of population avenagjdence rates for the high
incidence villages to be four times greater tharémaining 90%. This adjustment is made such
that the expected number of cases remains conRtalative to the population average incidence,
the risk of infection is almost four times gredtethe high incidence villages and slightly less
than average in the remaining 90% of villages wieost of the population resides. The ranges
of low-to-high incidence values used in the sevigjtianalysis are one half and double the best
estimates. Incidence may be less than the bestatstif the recent trend of declining incidence
rates continues into the future. In contrast, ianite may be higher than expected if a large
fraction of the population seeks treatment at adtéve locations or if the recent downward trend
in incidence were to be reversed.

| use the same demand equations for both low aidihcidence groups because
incidence rates were not significant in any ofdeenand models that | evaluated. Vaccination
demand function parameters are taken from the quewihapter. The range in child demand
intercepts is based on an assumption that betw@¥nahd 80% of children would be willing to
pursue free vaccinations if these were availalte. ddult intercept bounds are assumed to be
smaller than the child bounds, 25% to 60% of thdtgubpulation.

This basic herd protection relationship is showRigure 3.2 and is the basis of the

estimates in Table 7.1. As discussed in SectionB&h et al. (2009) found a strong correlation
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between herd protection effects and environmemtahectivity, specifically baris collocated with
water bodies. These findings suggest that hereégtion effects are highly localized. Thus, |
assume that herd protection occurs primarily withilage groups rather than between village
groups. Specifically, | assume that coverage lategyh incidence villages have no impact on
herd protection for average incidence villages.ilanty, | assume that coverage rates in average
incidence villages have no impact on high incideviiages.

In the absence of age-group-specific herd proteaftects, | assume that adult and child
coverage rates have the same impact on herd pootettects within a village grouping.
Because | express coverage rates in terms of timderof people vaccinated rather than as
percentages, the coefficients for the average émae villages must be smaller to account for the
larger population. Specifically, the coefficients high incidence villages are nine times greater
to account for the fact that total population d thigh incidence villages is nine times smaller
than for the average incidence villages. The coieffits are determined by fitting an exponential
expression to the data reported in Longini et €2607) model of herd protection observed
during the 1985 vaccination trial. In the sendtyidnalysis, | allow herd protection coefficients t
vary separately for adults and children. The raofdeerd protection coefficients is 50% to 150%
of the baseline values. For the lower bound, thanialogous to assuming that functional form
remains the same, but twice as many people musdmnated to achieve the same herd
protection effect. The herd protection resultskaged on the first year after vaccination and

effects may diminish in years two and three (Longtral., 2007).
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Table 7.1. Population, herd protection and other mdel input parameters

Variable Children high Adults high Children Adults
incidence (ch  incidence (ah average average
subscript) subscript) incidence (cl incidence (al
subscript) subscript)
Values from literature
Population, POP,, 9,800 12,300 89,000 109,000
Demand intercept, ayx 5,300 [4,600 — 3,900 [3,000 — 47,000 [34,000 35,000
7,100] 7,400] —68,000] [26,000 -
62,000]
Price coefficient, By -0.36 -0.33 -0.36 -0.33
[-0.20 - -0.50] [-0.20 - -0.75] [-0.20 - -0.50] [-0.20 — -0.75]
Baseline annual incidence,
INCU®,,, cases per 1,000 0.80 [0.4 —
persons 89[29-18] 3.2[1.0-6.3] 2.2[1.1-4.4] 2.0]
Herd protection coefficient -1.8E-04 -1.8E-04 -2.0E-05 -2.0E-05
for coverage . [-8.9E-05 — [-8.9E-05 — [-1.0E-05 — [-1.0E-05 —
-2.7E-04] -2.7E-04] -3.0E-05] -3.0E-05]
Fixed cost, F, US$ 22,000 [10,000 -50,000]
Variable cost, C, US$ 2.0[1.5-4.0]
Public COI per case- 2010 - 30] 2010 - 30] 2010 - 30] 2010 - 30]
PUBCOI, US$
Vaccine efficacy, Eff, 65% [50 - 75]
Duration of vaccine 3 [2-4]
protection, t (years)
Present worth factor, PWF 2.58
DALY weight, DALYweight 0.105 [0.08 - 0.4]
Case fatality rate, CFR,y 1 [0.5-3]
(%)
Expected remaining life 65 35 [10-35] 65 35 [10-35]

years, LE
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Variable Children high Adults high Children Adults

incidence (ch  incidence (ah average average
subscript) subscript) incidence (cl incidence (al
subscript) subscript)
Length of illness, DUR 3 [1-7]
(days)
Financial discount rate (%) 8
DALY discount rate (%) 3
Indirect protection valuation 0.75[0.5-1.0]
correction coefficient for
vaccinated, mv
Herd protection valuation 0.75[0.5-1.0]

coefficient- indirect
protection for unvaccinated,
v

The fixed cost is assumed to be US$22,000, whieljusvalent to US$0.10 per person.
This is similar to the amount used in a recentroigtation study for typhoid vaccination
programs in Asia (Lauria et al., 2009). The undetyarange for fixed cost is US$10,000 to
US$50,000, which corresponds to per person codtsé0.05 to about US$0.25. The variable
cost of vaccination is assumed to be US$2.2 fordases of the cholera vaccination. Following
Jeuland et al. (2009), this assumes a procuremoshper dose, inclusive of wastage, would be
US$0.60 and that the delivery cost per dose wdshilze about US$0.50. The delivery costs are
based on a study of delivery costs in low incomentides (Lauria and Stewart, 2007). Overall,
the uncertainty range is US$1.5 to US$4. The uppand delivery cost may be greater than the
average for low income countries if estimates ased on rural (rather than urban) areas.

The public treatment cost savings per case avagdestimated to be US$20 as reported
in Section 5.2. The uncertainty range (US$10 to30%% small because ICDDR,B keeps precise
records of operations. Vaccination direct efficecgissumed to be 65% based on Longini’s

reanalysis of vaccination efficacy (Longini et &2007). This is greater than the 50% direct
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efficacy reported in the original analysis (Clemenal., 1990b) because that study did not
account for herd protection effects. Thus, at aawecage rate, vaccinated persons’ risk of
contracting cholera is 65% less than unvaccinagesioms. | estimated that the duration of
vaccine protection is 3 years based on a recehtlootera vaccination effort in Vietham (Thiem
et al., 2006) with an uncertainty range of 2 tcedrsg.

| estimate that the average duration of cholengd$ is seven days and that the DALY
disutility weight is 0.105 for those that surviveetiliness. This weight is based on the World
Health Organization’s standard for diarrheal disg@#/HO), 2003). For the sensitivity analysis,
| assume DALY disutility weights range from 0.08@0 because cholera is an especially
virulent form of diarrheal disease and patientsodiren unable to perform any other tasks during
the short duration of symptoms. The case fatadity is estimated at 1% based on personal
communications with epidemiologists from the In&ronal Vaccine Institute. The range for case
fatality rate is 0.5% to 3%. | would expect that tatlab rate is at the low end of the range
because of the high quality treatment facilitieailable at the ICDDR,B hospital. These
estimates and ranges are consistent with thoseteejga a recent multicountry cost utility study
of cholera vaccination (Jeuland et al., 2009).

The remaining life years per cholera death areo65Hildren and 36 for adults based on
life tables developed from ICDDR,B’s surveilland®gs. | used the average adult age to
calculate adult life expectancy. However, Tablesidgests that elderly adults are considerably
more likely to die from diarrheal disease than ygemadults. Thus, | include a range of 10 to 36
years for adult life expectancy in the sensitidhalysis. There is little uncertainty for children
because life expectancies are similar across édl ages. Overall, | estimate that 0.22 DALYs
are saved per adult case prevented and 0.29 ad pav child case prevented. Most of the
DALYs saved result from avoided mortality ratheartrevoided morbidity. Thus, case fatality

rate would be especially important to estimateafoaccurate DALY measure.
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In the absence of data, | assume theandzv are equal to 0.75. This would indicate that
indirect protection is less valuable than direct@ction. It also indicates that WTP decreases per
additional unit of protection. Indirect protectioray be less valuable than direct protection for at
least two reasons: 1) people are not protected Wiegnspend time outside of the Matlab area or
2) estimates of indirect protection are much mareedtain than estimates of direct efficacy. |

assume that the uncertainty rangestfoandzv are 0.5 to 1.0.

7.2 Policy model results

The input parameters in Table 7.1 can be useditoas outcomes of different types of
vaccination programs. The baseline disease buritbowy a vaccination program is summarized
in Table 7.2. The population and incidence ratesta same as the reported best estimates in
Table 7.1. Over three years, the Matlab area is@®gd to experience about 1,200 cholera cases
with about 30% occurring in the high incidence ardde numbers of child cases are expected to
more than double the numbers of adult cases. Tdas®s would correspond to more than 330
lost DALYs and would cost the public treatment systabout US$21,000. It is instructive to note
that the maximum possible public treatment savargsapproximately equal to the expected
fixed cost of the vaccination program, US$22,006ug] these savings are unlikely to have much
of an impact in offsetting total program costs, fixed + variable costs.

Prior to solving for optimal prices using the maddéveloped in Chapter 5, | examine
outcomes for some basic programs. In these basigams, vaccinations will be provided either
1) free of cost or 2) at my best estimate of thiawde cost of vaccination, US$2.2. The basic
programs under consideration include: 1) free vat@ns for all groups; 2) free vaccinations for
adults and children in high incidence villages,rgieg US$2.2 for vaccinations of adults and
children in average incidence villages; 3) freecuaations only for children in high incidence
villages, charging US$2.2 for the other three gsp@md 4) charging US$2.2 for all groups.

Outcomes from each of these programs are summanZegble 7.3.
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Table 7.2. Cholera disease burden in Matlab in thabsence of a vaccination program

Childrenin  Adults in Childrenin  Adults in Total

high high average average
incidence incidence incidence incidence
villages villages villages villages
Population 9,800 12,300 89,000 109,000 220,000

Baseline annual
incidence, cases per 8.9 3.2 2.2 0.80 1.6
1000 persons

Number of cases over

260 120 590 260 1,200
three years
DALYs lost 75 27 170 60 330
Discounted Public $4.400 $2,000 $10,000 $4,500 $21,000

treatment savings

Moving from left to right in Table 7.3, the totahimber of vaccinations delivered
decreases as additional groups are required tthpayariable cost of vaccination. Because the
adult and child price coefficients are similar, gjecentage changes in coverage are
approximately the same for both groups. In factecage rates for both groups decline by
slightly more than 50% as price increases from toddS$2.2. As coverage decreases, the
number of cases avoided and DALYs saved also deerétwever, the declines are less than
50% because of the nonlinear herd protection oelaliips. The number of cases avoided
decreases from 1100 for a program in which everyeoeives free vaccines to 750 for a program
in which everyone is forced to pay US$2.2. Theidedh DALYs saved is from 290 to 210.
Relative to the pre-vaccination baseline, about @%e disease burden is alleviated via free
vaccination (cases avoided or DALYs saved) anddout60% via a program in which all
recipients must pay the marginal cost of vaccimat@@utcomes are very similar across the three
programs in which residents of low income villagasst pay the variable cost of vaccination,

probably because most of the population residésese villages.
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All of the monetary measures (direct and indiremiddits, public COI savings, and total
costs) decline as prices increase. Public COI gawine about 10% of program costs for each of
the programs, ranging from US$13,000 to US$19,06@se savings are insufficient to cover
even the fixed cost of the programs. As a reslllgfdhe programs require contributions from the
government or donors. Moving from left to right,caverage declines by more than 50%,
program direct and indirect benefits decline by miess than 50% because of the nonlinear
demand function. The fat tails of the demand distions, shown in Figure 6.1, indicate that
there is a small fraction of the population witmywhigh willingness-to-pay for cholera
vaccinations. This small subset of the populatiaule be willing purchase vaccines for US$2.2
or at even greater prices. Recall that the hertkption relationship is also nonlinear and that the
rate of change in incidence is greatest at low @gerates. Net societal benefits are about
US$170,000 for the free vaccination program andiab&$220,000 for each of the other three
programs. Without consideration for herd protectiopublic COI savings, net societal benefits
would be maximized if price was set equal to thegmal cost of vaccination. With
consideration of these benefits, net societal lisrefe still greatest when recipients are charged
prices close to the marginal cost of vaccinatiootaldly, since net societal benefits are positive
for each program, all would pass a cost-benefit tes

The net revenue row represents the vaccinatiorranogost to government or donor, net
of collected user fees and public COI savings.duld cost about US$220,000 to provide free
vaccines to everyone. This government/donor costavdecline to US$20,000 if free
vaccinations were limited to only children in higicidence villages and to US$9,000 if vaccines
were provided at the marginal cost. If prices a&teegjual to the marginal cost of vaccination, the
external contribution is needed to offset the figedt of vaccination (after adjusting for public

COl savings).
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Table 7.3. Outcomes for four non-optimized vaccin&n programs

Free Free Free vaccination  All groups
vaccination for  vaccination for  for children in are charged
all subgroups adults and high incidence USs$2.2
children in high  villages, US$2.2
incidence for others
villages,
US$2.2 for
others
Price- children high $0 $0 $0 $2.20
incidence, US$
Price- adults high $0 $0 $2.20 $2.20
incidence, US$
Price- children $0 $2.20 $2.20 $2.20
average incidence,
Us$
Price- adults average ~ $0 $2.20 $2.20 $2.20
incidence, US$
Coverage- children 57% 57% 57% 26%
high incidence
Coverage- adults high 33% 33% 16% 16%
incidence
Coverage- children 57% 26% 26% 26%
average incidence
Coverage- adults 33% 16% 16% 16%
average incidence
Total vaccinations 96,000 50,000 48,000 45,000
Direct private $280,000 $230,000 $230,000 $230,000
benefits, US$
Indirect private $110,000 $98,000 $97,000 $95,000
benefits, US$
Public COI savings, $19,000 $15,000 $14,000 $13,000
Us$
Sales revenue, US$ $- $89,000 $93,000 $99,000
Total costs, US$ $230,000 $130,000 $130,000 $120,000
Net societal benefits, $170,000 $210,000 $220,000 $220,000
Uss
Net revenue, US$ $(220,000) $(28,000) $(20,000) $(9,000)
Total cases avoided 1100 850 830 750
Total DALYs saved 290 230 230 210
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Free Free Free vaccination  All groups

vaccination for  vaccination for  for children in are charged
all subgroups adults and high incidence USs$2.2
children in high  villages, US$2.2
incidence for others
villages,
US$2.2 for
others
Cost per case $200 $140 $140 $150
avoided, US$ per
case
Cost per DALY $750 $520 $510 $540
saved, US$ per DALY
Cost per life saved, $20,000 $14,000 $14,000 $14,000

US$ per life saved

The cost per DALY calculation subtracts public Gavings from the total cost of
vaccination and divides by the number of DALYs shvEhe cost per DALY is typically used for
comparison with other types of health interventidthewever, it is important to note that this
measure is variable depending on how a vaccingtiogram is administered. The cost per
DALY saved is greatest when free vaccinations aogiged for everyone, US$750. The cost per
DALY saved is approximately the same, US$510 — U8$$or the other three programs in
which user fees are charged. The higher cost perYDffom providing free vaccinations to all
groups results because herd protection very effggtreduces incidence even at low coverage
rates. The cost of providing free vaccinationslits@bgroups is about double the cost of other
programs. However, the number of cases avoidedinatgase by about 25-30% when free
vaccinations are provided to all. The total costmflementing a free vaccination program is
US$110,000 (90%) greater than the cost of provigangrines to all subgroups at a price of
US$2.20. This is because it is necessary to detiearly twice as many vaccines. However, due
to herd protection, the number of DALYs saved iases by only 80 (40%). Thus, the marginal
cost per marginal DALY saved in moving from a pangrthat charges US$2.20 to a free
vaccination program is US$110,000 / 350 DALYs = WS#b. This is about 2.5 times greater

than the average cost per DALY for the program thairges all groups about US$2.20. A more
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thorough examination of the average and margirgtkquer DALY saved as functions of
coverage rates is provided in Appendix 4.

According to the World Bank, a ‘very cost-effective’ intervention has a nét cos
per DALY ratio less than per capita GDP. A ‘cost-effective’ intenognhas a ratio less
than three times per capita GDP (Jeuland et al., 2009). For Bangladesh, joeGBdpis
about US$510. Thus, free vaccination would not be considered ‘very cost-effective’, but
the ratios for the other three programs in Table 7.3 are very close to this threshold.

The average cost per life saved varies from ab&%14,000 to US$20,000. Similar to
the DALY calculations, the cost per life savedrastie is considerably larger when vaccinations
are provided for free to all subgroups. The rarfgeost per life saved estimates is very similar to
the estimates of parents’ VSL for their youngestdddS$10,000 to US$25,000. dk ante
mortality risk reduction benefits were evaluategliace of CV estimates for cholera vaccine
WTP benefits, the programs would still pass a eneét test. However, the net societal benefits
would be reduced. Recall that in Table 6.8, | stibthat vaccine WTP estimates are greater than
ex anteprivate COI plus mortality risk reduction benefits

Table 7.4 summarizes program outcomes for botheobbjective functions developed in
Chapter 5: 1) maximization of societal net bengfitst Benefit model) and 2) maximization of
DALYs saved (DALY model). These are both maximisedbject to net revenue constraints,
which require that program revenue shortfalls doexaeed a pre-specified government or donor
contribution. Both objective functions are subjedie two distinct revenue constraints. The first
two columns of Table 7.4 assume that there is tereal contribution; the cost of the program
must be less than or equal to the sum of prograemrees and public treatment cost savings. The

two rightmost columns of Table 7.4 assume that&ereal contribution of US$50,000 is

\While the average cost per life saved is withinrdmege of VSL estimates from Section 6.3, the nmaigi
cost per life saved in moving from variable costipg (US$2.20) to free vaccination is about US$8D,
per statistical life.
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available to help finance the program. Optimal ggiare considerably different for the Net
Benefit model than for the DALY model. This occbecause economic benefits are strongly tied
to the shape of the demand functions, which dovaot between high incidence and average
incidence villages. The range in optimal pricestfa Net Benefit model is from US$1.90 for
children in high incidence areas to US$2.60 forltadn average incidence areas. The estimated
coverage rates at these prices are all quite ld¥(tb 29%) because prices must be sufficient to
generate enough revenue to cover program costgtheal prices are slightly lower for
children because they have greater incidence, whidns that more cases are avoided per child
vaccination delivered. This translates to great#lip COIl savings per vaccination for children
(though public COI savings are small compared teatliprotection and indirect protection
benefits). This is also the reason for price diffexes between high incidence and average
incidence villages.

In comparison to the Net Benefit model, there &agtgr variation in optimal prices for the
revenue neutral DALY model. The optimal price faildren in high incidence villages
(US$0.10) is much less than optimal prices for ogteups (US$0.40 — US$3.20). This makes
sense because incidence is so much greater fayringt. The optimal price for adults in high
incidence villages is also substantially largentti@e optimal price for adults in average

incidence villages.

153



Table 7.4. Outcomes for revenue-neutral optimizedaccination programs

Net Benefit DALY model: Net Benefit DALY model:
model: revenue revenue model: maximum
neutral neutral maximum external
external contribution of
contribution of US$50,000
US$50,000
Price- children high $1.90 $0.40 $1.20 $-
incidence, US$
Price- adults high $2.20 $1.50 $1.50 $0.25
incidence, US$
Price- children $2.40 $2.50 $1.80 $1.40
average incidence,
Us$
Price- adults average  $2.60 $3.20 $1.80 $2.30
incidence, US$
Coverage- children 29% 49% 37% 57%
high incidence
Coverage- adults high 16% 20% 20% 30%
incidence
Coverage- children 24% 23% 30% 35%
average incidence
Coverage- adults 14% 12% 18% 16%
average incidence
Total vaccinations 41,000 40,000 53,000 57,000
Direct private $220,000 $210,000 $240,000 $250,000
benefits, US$
Indirect private $93,000 $93,000 $98,000 $101,000
benefits, US$
Public COI savings, $13,000 $13,000 $15,000 $16,000
US$
Sales revenue, US$ $101,000 $97,000 $91,000 $82,000
Total costs, US$ $110,000 $110,000 $140,000 $150,000
Net societal benefits, $210,000 $210,000 $220,000 $210,000
Us$
Net revenue, US$ $- $- $(32,000) $(50,000)
Total cases avoided 740 760 840 910
Total DALYs saved 200 210 230 250
Cost per case $140 $130 $150 $150

avoided, US$ per

154



Net Benefit DALY model: Net Benefit DALY model:
model: revenue revenue model: maximum
neutral neutral maximum external
external contribution of
contribution of US$50,000
US$50,000
case
Cost per DALY $500 $470 $540 $530
saved, US$ per DALY
Cost per life saved, $14,000 $13,000 $15,000 $15,000

USS$ per life saved

Although there are large differences in the optipneces across model specifications,
differences in program outcomes are considerab8llemNet societal benefits are only about
2% greater for the Net Benefit model compared ¢éoRALY model. Similarly, the number of
DALYs saved is only about 4% greater for the DALY%del compared to the Net Benefit model.
The total cost and total number of vaccinationsvdetd are also very similar for the two models.
Because the total number of vaccinations is siniilaboth objective functions, the herd
protection effects and numbers of cases avoidedemyesimilar for both objective functions.
Thus, net societal benefits and total DALYs sauwedadmost equal for the two objective
functions.

There are slightly fewer total vaccinations delegwith the DALY model since that
program targets vaccinations for the high incidenliages. As a result, higher prices are
necessary in the average incidence villages whargjarity of the population lives. In addition,
since slightly more DALYs are avoided at a slightiwer cost, the cost per DALY is reduced
with the DALY objective function. In summary, whilee optimal prices are considerably
different across types of models, differences ogpm outcomes are typically less than 5%.

Next, | consider programs in which government arais are willing to provide a
US$50,000 contribution to a potential vaccinatioogoam. The outcomes for these models are

summarized in the two rightmost columns of Tab# The additional capital allows for a
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considerable reduction in the user fees chargativelto the revenue neutral models. In other
words, the external contribution is like a trangfayment to vaccine purchasers. This lump sum
transfer is used to reduce user fees by varyinguatador each subgroup. The optimal prices
vary from about US$1.20 to US$1.80 for the Net Biéneodel compared to free to US$2.30 for
the DALY model. It is again optimal to charge tbevést prices to children in high incidence
villages and the highest price to adults in theaye incidence villages. The reduced user fees
result in increases in the number of vaccinatignatiwut 12,000 (30%) for the Net Benefit
model and by 17,000 (43%) for the DALY model. Thasmeases in total vaccinations boost
total program costs by US$27,000 and US$37,00Gotisely.

Notably, only about US$32,000 is required to maxarsocietal net benefits. If one tried
to further reduce prices from those listed, thesoetetal benefits would decline. The US$32,000
contribution from government or donors allows a 88890 increase in net societal benefits
(about 3%). Thus, there is a net increase in sa@fhre, but the external investment has a small
effect on program outcomes.

For the DALY model, the entire US$50,000 in avaligaextra funding is used to
maximize the number of DALYs saved. This reductionser fees made possible by this extra
US$50,000 results in an increase of 40 DALYs sq1é#6). In contrast to Net Benefit model,
the extra funding has a substantial impact on bjective function (i.e. the number of DALYs
saved). The total costs of the program increadd3$37,000 to save the additional 40 DALYSs.
Thus, the marginal cost per DALY saved is US$37/000 DALYs = US$930. This is
substantially greater than the average cost per\Dédtimate (US$470) for the revenue neutral
program.

Prior to examining results from the sensitivity lgsis, | examine a range of pricing
options graphically. The results depicted in eaeply are based on programs in which each of
the four groups is charged the same price. | assbatdéJS$10 would be the maximum price

charged and that free vaccination would be themrmim price. When both groups are charged
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the same price, child coverage rates are expeatee tonsiderably greater than adult coverage
rates. Since all graphs are 2-dimensional, it shbalassumed that child coverage rates are
disproportional to adult coverage rates withingbpulation average coverage rates. Figure 7.1
summarizes total economic benefits, total costal tases avoided and total vaccinations as

functions of coverage. Figure 7.2 summarizes theesautcomes as functions of price.
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Figure 7.1. Total benefits, costs, vaccinations, drcases avoided as functions of coverage

Total costs and vaccinations are linear functidnsogerage. The total benefits and cases
avoided functions are nonlinear and the rate ofighalecreases as coverage increases. Total
economic benefits include WTP estimates for diagct indirect protection in addition to public
treatment cost savings. Total economic benefitebhoait US$290,000 at a 15% coverage rate;
and the maximum total benefits are about US$410,000s, about 70% of the maximum total
benefits can be captured at a coverage rate o1§i%t The total cases avoided function does not
level off as quickly as the total benefits functiéw 15% coverage, there are about 630 cases

avoided. The maximum 1,100 cases are avoided wheginations are provided for free and the
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coverage rate is 44%. In contrast to total bewafitulation, only about 58% of the maximum

cases are avoided at 15% coverage.
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Figure 7.2. Total benefits, costs, vaccinations, drcases avoided as functions of price

Figure 7.2 is an inverted version of Figure 7.1;duse cases avoided, vaccinations, total
costs, and total benefits all decrease as functibpsce. The number of cases avoided again
declines at a faster rate than total benefits. & fea large drop (more than 50%) in total
vaccinations as price increases from free to UB$2rice continues to increase from US$2, the
number of vaccinations purchased appears to lékapdo US$10 at which point a small
fraction of the population would be willing to pa¥he number of cases avoided decline at a
faster rate than total economic benefits. Thusngba in price are likely to have larger effects on
cases avoided than on total economic benefits.eTHiéferences are caused by the shape of the
demand functions, which are also nonlinear.

Figure 7.3 summarizes public revenues and costs érpotential vaccination program.
The public sector earns income from vaccinatioassahd public COI savings, while paying for

the fixed and variable costs of vaccination. ktlesar that public COIl savings are always quite
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small relative to total costs. Thus, it is necegsarcharge user fees to achieve revenue neutrality
Sales revenue increases quickly to a maximum aBU&®N decline slowly back toward zero.
Net revenue is maximized at a price of about US$4t%vould be illogical to charge a greater

price; both because fewer cases would be avoidéth@rause less net revenue would be earned.

250,000

200,000 -
Total costs

150,000 -
Sales revenue

100,000 / /
50,000
/ e ——

Public COI savings

(50,000) -

(100,000) /
(150,000)
0 2 4 6 8 10
Price, US$

Net revenue

Total costs, sales revenue, public COI
savings, and net revenue, US$

Figure 7.3. Total costs, sales revenue, public CBhavings, and net revenue as functions of price

The individual components of benefits include difgivate benefits, indirect private
benefits, and public COI savings, which are summeakin Figure 7.4. All three types of benefits
are maximized when vaccinations are free and dserasprice increases. Public COIl benefits
are quite small relative to other types of bengjitst as public COI is small relative to costs in
the revenue graph. The percentage compositionrafite is summarized in Figure 7.5. Public
COl savings are never more than 5% of the tota¢titsn The percentage of public COI savings
relative to total benefits decrease from 5% atdowerage rates and high prices to 2% at high
prices and low coverage. This is because the a@&h&I° per vaccine increases as price

increases and only those with the highest WTP dliegvto purchase vaccinations.
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Figure 7.4. Individual components of total benefits

Indirect benefits decrease from a maximum of USEIAMfor free vaccination to a
minimum of about US$15,000 when vaccinations c&$10. The percentage of indirect benefits
relative to total benefits remains between 26%32i% across the entire range of prices. Direct
benefits decrease from a maximum of about US$28a®@ minimum of about US$37,000. The
percentage of direct benefits also remains alnmstant between 65% and 70%.

The composition of direct versus indirect benafigpends on the way that benefits are
accounted for. There are competing factors foptreentage of direct versus indirect benefits.
Recall that | assigned zero monetary benefitsedrtrction of the population that | predicted
would be unwilling to receive free vaccination. price decreases, more people become
vaccinated and the pool of unvaccinated personsret®ive indirect benefits decreases.
Concurrently, the magnitudes of indirect protecfimnboth vaccinated and unvaccinated persons
increase. Thus, the indirect benefit per persoreases as coverage increases; however, the
number of unvaccinated persons with non-zero WdPedeses. In addition, indirect protection is
valued at 75% of direct protection. Thus, directtpction benefits are consistently larger than

indirect benefits. In Figure 7.5, | show the franl breakdown of benefits for a program with
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free vaccination in comparison to a program in Wwtatt subgroups are charged US$2.20. The
total indirect benefits decrease by about US$50(06%b), while the direct private benefits
decrease by about US$50,000 (18%). Thus, the pageoomposition of benefits remain almost

constant across the likely pricing range.

Price US$2.20

Price free
i Public COI
Public COI savings, US$,
savings, US$, 13,000
18,000 ’

Figure 7.5. Percentage composition of benefit compents

Net societal benefits and net revenue as functibosverage are shown in Figure 7.6.
These represent the objective function and reveoostraint for net societal benefit
maximization if the same price were charged teualtigroups. Net societal benefits increase
across the narrow range of prices from free to UB$et societal benefits are about
US$170,000 for free vaccination and about US$210i08 user fee of US$1.70 is charged. If
prices greater than US$1.70 are charged, net abbtefits decline from the maximum. The

vertical dotted line shows the necessary extemaribution to maximize net societal benefits,
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which is about US$35,000. The net societal beoafite is very flat across the price range from
US$1 to US$3. Thus, one could change any pricemitiis range and achieve near optimal net
societal benefits. In contrast, the choice of phias a great effect on net revenue. If a price of
US$1 is charged, an external contribution of atu®$90,000 would be required. Alternatively,

if a price of US$3 is charged, the program wouldegate a profit of about US$15,000. This
demonstrates why the external contribution had @lsmpact on net societal benefits as reported
in Table 7.4. It is sub-optimal to provide free eimations. Net societal benefits would decline

considerably if there were a compulsory vaccinagimgram to increase coverage rates to closer

to 100%.

250,000

T~
200,000 ;
/ 3 Net social benefits

150,000 ~

100,000

50,000 -

(50,000) -

(100,000) /
(150,000) : : : :
0 2 4 6 8 10
Price, US$

Net revenue

Net social benefits and net revenue, US$

Figure 7.6. Net societal benefits, net revenue, amdses avoided as functions of price

The average cost per DALY, marginal cost per DARYerage cost per vaccination, and
total DALYs saved functions are shown in Figure A'tnore thorough examination of the
average and marginal costs per DALY is includedppendix 4. Since the program has both
fixed and variable costs, the average cost perination delivered is not constant. As coverage

increases, the average cost per vaccination desr¢éasard the variable cost of vaccination,
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US$2. At low coverage rates, the average costg@esivation may be very high, a maximum of
US$16 at price US$10. Thus, it is important to adersfixed costs if coverage rates are expected
to be low. At these low coverage rates, the fixest dominates variable costs in the average cost

calculation.

$12
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\ per DALY / f $10
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marginal costs per DALY, US$
Average cost per vaccine, US$

Total DALYs saved, average and

DALYs saved
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Figure 7.7. DALYs saved, average cost per vaccinené per DALY saved, and marginal cost per
DALY saved

The marginal cost per DALY is calculated basedrenahange in total cost divided by
the change in DALYs saved in moving from price Aptice B. Because the calculation is
marginal, the fixed cost drops out of the calcolaifin contrast to the average cost calculation).
The marginal cost per DALY saved is minimized at lmverage rates because the marginal
change in herd protection effects is greatestvatcloverage rates. As more people become
vaccinated, the number of cases avoided per vaamindecreases because incidence rates have
already been reduced considerably for both vaseihabd unvaccinated persons.

The shape of the average cost per DALY saved ligen€ed by both the average cost per
vaccination and marginal cost per DALY curves. Atylow prices and high coverage rates, the
marginal cost per DALY is large, but the averagst per vaccination is minimized. Because the

marginal cost per DALY is very high for free vacaiion, the average cost per DALY will
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decline as price is increased from free to US$8rAhe marginal cost curve intersects the
average cost curve at US$3, the average cost pelDicreases with price. At very high prices
and low coverage rates, the average cost per DALv¢éiy high, because fixed costs dominate
marginal cost even thought the marginal cost peL D& minimized. If the fixed cost were zero,
the average cost per DALY would increase monotdiyiees coverage increases across the entire

range of prices.

7.3 Sensitivity analysis

Due to the considerable uncertainty in parameténates and assumptions, | performed
a sensitivity analyses using Monte Carlo simulafidCS), treating most of the model
parameters in Table 7.1 as random variables. lidensach objective function separately: 1) the
maximization of net societal benefits and 2) theiméation of DALYS saved. Further, |
assume that no external contribution will be avdddo help offset program costs. The basic
features of the original model apply to the MCShwiit change, e.g. the child and adult
populations by village type, the ability to appigabunted public treatment cost savings to the
net revenue constraint, and the financial and DAliS¢ount rates.

The remaining parameters are variable based gpatfagneter ranges included in Table
7.1. For each random variable, the probability dgrfisnction (pdf) is assumed to be triangular,
based on the best estimate and bracketed lowargpet bound values shown in Table 7.1. The
sensitivity analysis produces an optimal solutimngach of 500 MCS trials. The same 500
parameter draws are used to solve both modelsatepar

Cholera incidence is assumed to be higher in @rildnan in adults for both village
types. This was ensured in the MCS by using cdrogig that resulted in child incidence
exceeding adult incidence for 100% of the trialse Tatio of child to adult cholera incidence was
about 2.8 in the deterministic case, and in the MC&ged from 1 to 8 with a median of 2.8.

Similarly, the median ratio of incidence for higttidence versus low incidence villages is 3.7,

164



which is similar to the ratio assumed in the detsistic models, 4. Correlations were also used
for the parameters of the demand functienandp, to ensure that child coverage would exceed
adult coverage for identical prices; the mediaioratta-values for children relative to adults in
the MCS was about 1.7 (on a percentage basisthendedian ratio di-values for adults

relative to children was about 1.2, both of whitdsely match the ratios in the deterministic
model. It was assumed that demand functions woeilithé® same for high incidence and low
incidence villages, as in the deterministic modie same probability density function for the
herd protection coefficients cases was used fdr adtilts and children, but the model allowed
for differences by age group. Herd protection effdor children and adultg, andy,, are drawn
independently in case either adults (or childrea)raore efficient at spreading cholera once they
become ill.

For 10% of the simulations, it was not possibladhieve revenue neutrality. These
scenarios include simulations with high averageraadyinal costs. In addition, the demand
function parameters and herd protection coeffisi¢and to be smaller. | omit these scenarios for
the rest of this discussion and focus on simulatiarwhich revenue neutrality is possible. For
the net societal benefit model, the mean optimakpracross simulations are US$2.90 for
children in high incidence villages, US$3.00 foultslin high incidence villages, US$2.90 for
children in low incidence villages, and US$2.904ddults in low incidence villages. For any
individual draw, it might be optimal to charge eéntsubgroups slightly more or slightly less
than others. On average, net societal benefitmar@mized when approximately equal prices are
charged. This is because WTP benefits are considetee independent of the uncertainty in
incidence, case fatality rate, and other publidthgarameters within the MCS, (i.e. no
correlations were assumed between demand functiemeters and these public health
parameters).

In contrast, for the DALY model, the mean optimates across simulations are

US$1.50 for children in high incidence villages,3120 for adults in low incidence villages,

165



US$3.10 for children in low incidence villages, d8%$3.10 for children in low incidence
villages. Thus, it is optimal to target programsidies for the high incidence villages where the
program cost per DALY saved is likely to be lesewdver, it is generally not optimal to provide
free vaccinations to the high incidence villagdse Bptimal child price in high incidence villages
is zero in just 5% of the simulations and the optiadult price is zero in less than 1%.

Next, | examine the differences in outcome measiioas the two models. In Figure 7.8,
the cumulative distribution of net societal bersefibom both the DALY and Net Benefit models
are shown. Since net societal benefits are inclirdéte objective function of the Net Benefit
model, it is expected that estimates are largethi®iNet Benefit model relative to the DALY
model. However, differences are very small, leas tb%, across the entire distribution. The 5%-
t0-95% confidence interval for net societal besdagtabout US$110,000 to US$380,000 for the
448 simulations in which the net revenue constreant be satisfiet.

The cumulative density functions of DALYs savedfrthe Net Benefit and DALY
models are shown in Figure 7.9. The DALYs savedjegater for the DALY model, but, again,
differences are small. The maximum difference acatissimulations is only about 20%. The
median number of DALYs saved is about 250, and#hdo 95% uncertainty range is about 110
to 580 DALYSs.

Thus, the type of model, Net Benefit or DALY, apetm have more influence on setting
prices than on program outcomies believe that differences are limited by herdtpetion
effects, which allow for significant incidence retions in unvaccinated groups. Since incidence
is reduced to some degree for both vaccinated anacginated persons, cross-subsidies are less

influential in changing program outcomes.

®Net societal benefits are greater than zero adiwssther 52 simulations for which the net revenue
constraint cannot be satisfied. Thus, properlygtesi cholera vaccination programs should easilg pas
benefit-cost test.

it is also possible to solve a model in which albgroups are charged the same price. Program oagom

from this model are very similar to the Net Benafid DALY models. | omitted this model from Figuigs
and 9 so that the minimal difference between theBéaefit and DALY models would be easier to see.
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Figure 7.8. Net societal benefits from MCS
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Figure 7.9. Number of DALYs saved from MCS

In Table 7.5, | present the results of an analysisariance for the Net Benefit Model. It

is clear that average and fixed costs are the mmpsirtant determinants of optimal prices
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(columns 1-4), accounting for between 75-85% ofttiial variation across the four prices. For
simulations with high costs estimates, all pricesibe set relatively high to achieve revenue
neutrality. Other important parameters include:ltaahd child herd protection coefficients and
adult and child demand coefficients. When one agamhas a greater influence on herd
protection than the other, it is typically optintalsubsidize that group to increase indirect
protection benefits.

It is illustrative to consider the ratio of weigtitaverage adult to child prices. Average
adult and child prices can be calculated from aufaijon-weighted average of prices charged in
high incidence and average incidence villages.fiftecolumn of Table 7.5 shows an analysis of
variance for this ratio. This clearly shows the artpnce of herd protection coefficients, which
account for 65% of the variation. This is furthentbnstrated in Figure 7.10, which plots the
ratio of adult to child price relative to the ratbadult to child herd protection coefficients @n
log scale. When the adult herd protection coefficie larger in magnitude than the child
coefficient,y,> y., it is optimal to charge adults lower user fggs,p., to take advantage of these
effects (see bottom-right corner of Figure 7.10cdntrast, if.< y., it optimal to charge children
lower prices (see upper-left corner of Figure 7.%0¥% important to note that | chose tightly
bounded uncertainty ranges for herd protectionfimperiits. The largest gamma ratio is just 2.3. If
I had used a larger uncertainty range, it is likat herd protection coefficients would play a
larger role in analysis of variance calculationsisTis a potentially important topic for future

epidemiological research.
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Table 7.5. Analysis of variance for Net Benefit moel

P, Child P.n, Adult  Pg, Child Pa, Adult  Weighted Net Benefit-
price in price in price in price in average price societal cost ratio
high high average average  difference benefits, (7)
incidence  incidence incidence incidence between uUss$
villages, villages, villages, villages, children and (6)
Us$ Us$ Us$ USs$ adults, US$
1) 2) 3 4) ®)
Common parameters
Vaccine efficacy, Eff, 1% 2% 0% 0% 1% 10% 19%
Variable cost, C, US$ 62% 57% 64% 60% 0% 19% 35%
Fixed cost, F, US$ 17% 17% 21% 18% 0% 6% 12%
Public COI per case- PUBCOI, US$ 2% 1% 1% 1% 0% 1% 0%
Indirect protection correction factor for vaccinated 0% 0% 0% 0% 0% 2% 6%
and unvaccinated, mx
Duration of vaccine protection, VACCDUR (years) 1% 2% 0% 0% 0% 0% 0%
Length of illness, ILLDUR (days) 0% 0% 0% 0% 0% 0% 0%
Case fatality rate (%) 0% 0% 0% 0% 0% 0% 0%
Adult expected remaining life years, LE, 0% 0% 0% 0% 0% 0% 0%
DALY weight, DALYweight 0% 0% 0% 0% 0% 0% 0%
Child parameters
Baseline annual incidence for children in high
incidence villages, INCU%,, cases per 1,000 2% 2% 0% 0% 0% 0% 0%
persons
Baseline annual incidence for children in average
incidence villages, INCU®,, cases per 1,000 0% 0% 1% 0% 0% 0% 0%
persons
Child demand intercept, a. 0% 0% 1% 0% 0% 7% 2%
Child price coefficient, B 1% 2% 0% 5% 10% 24% 11%
Herd protection coefficient for child coverage, Y« 4% 5% 5% 4% 31% 1% 2%
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Pch, Child P.n, Adult  Pg, Child P, Adult  Weighted Net Benefit-
price in price in price in price in average price societal cost ratio
high high average average  difference benefits, (7)
incidence incidence incidence incidence between uUss$
villages, villages, villages, villages, children and (6)
UsS$ US$ USs$ UsS$ adults, US$
1) 2) 3 4) ()
Adult parameters
Baseline annual incidence for adults in high
incidence villages, INCU%;, cases per 1,000 1% 2% 0% 0% 0% 0% 0%
persons
Baseline annual incidence for adults in average
incidence villages, INCU?,, cases per 1,000 0% 1% 0% 0% 0% 0% 0%
persons
Adult demand intercept, aay 0% 3% 0% 0% 0% 10% 2%
Adult price coefficient, B« 4% 0% 4% 3% 22% 19% 9%
Herd protection coefficient for adult coverage, y.« 4% 4% 3% 7% 34% 0% 1%
Table 7.6. Analysis of variance for DALY model
P, Child Pan, Adult P, Child P., Adult  Weighted
p_rice in price in price in price in average price Average
high high average average  difference DALYs cost per
incidence incidence incidence incidence between saved
. . . . . DALY
villages, villages, villages, villages, children and (6) 7
uss$ uUs$ uUs$ uss$ adults, US$
1) 2 3 4) ®)
Common parameters
Vaccine efficacy, Eff, 0% 2% 0% 0% 0% 0% 0%
Variable cost, C, US$ 36% 29% 57% 48% 0% 9% 10%
Fixed cost, F, US$ 21% 16% 19% 11% 1% 3% 4%
Public COI per case- PUBCOI, US$ 1% 0% 1% 1% 0% 0% 0%
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Pen, Child  Pap, Adult Py, Child P, Adult  Weighted
price in price in price in price in average price Average
high high average average  difference DALYs cost gr
incidence  incidence incidence incidence between saved b
. . . . . DALY
villages, villages, villages, villages, children and (6) )
UsS$ US$ USs$ UsS$ adults, US$
(€] (2) 3) 4) 5)
Indirect protection correction factor for vaccinated 0% 0% 0% 0% 0% 0% 0%
and unvaccinated, mx
Duration of vaccine protection, VACCDUR (years) 0% 1% 0% 1% 0% 9% 11%
Length of illness, ILLDUR (days) 0% 0% 0% 0% 0% 0% 0%
Case fatality rate (%) 0% 1% 0% 0% 0% 59% 58%
Adult expected remaining life years, LE, 0% 0% 0% 0% 0% 1% 0%
DALY weight, DALYweight 0% 0% 0% 0% 0% 0% 0%
Child parameters
Baseline annual incidence for children in high 11% 3% 0% 0% 0% 2% 4%
incidence villages, INCU®,,, cases per 1,000
persons
Baseline annual incidence for children in average 2% 1% 2% 0% 0% 8% 7%
incidence villages, INCU®,, cases per 1,000
persons
Child demand intercept, a. 0% 0% 1% 0% 0% 1% 0%
L] X
Child price coefficient, B, 0% 13% 2% 10% 18% 1% 0%
. . . 3% 11% 4% 2% 13% 2% 2%
Herd protection coefficient for child coverage, y.
Adult parameters
Baseline annual incidence for adults in high 0% 2% 0% 0% 0% 1% 0%

incidence villages, INCU’,, cases per 1,000
persons
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Pcn, Child Pan, Adult P, Child Pa, Adult  Weighted
p_rice in price in price in price in average price Average
high high average average  difference DALYs cost per
incidence  incidence incidence incidence between saved
. X X . . DALY
villages, villages, villages, villages, children and (6) )
UsS$ US$ USs$ UsS$ adults, US$
1) 2) 3 4) 5)
Baseline annual incidence for adults in average 0% 0% 0% 0% 0% 0% 1%
incidence villages, INCU?,, cases per 1,000
persons
Adult demand intercept, 0% 0% 0% 0% 0% 2% 1%
Adult price coefficient, Bax 16% 5% 11% 16% 48% 2% 1%
10% 16% 2% 9% 20% 0% 1%

Herd protection coefficient for adult coverage, yax
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Figure 7.10. Adult to child price ratio versus adul to child herd protection coefficient ratio

The variation in societal net benefits (column @able 7.5) is primarily due to a
combination of cost function and demand functiorapeeters, such that societal net benefits
would be large in scenarios for which adult anddcW TP for vaccinations is greater than
average and for which program costs are less thenage. These parameters are also
primarily responsible for the variation in benefist ratio calculations (column 7).

It is also important to identify parameters thatao affect societal net benefit
calculations. Incidence and public COI estimatasheery little effect on program outcomes
indicating that public COI savings are small refatio other economic benefits in almost all
simulations. In addition, many of the parameteuisgo the DALY calculations (e.qg.,
duration of illness, case fatality rate, DALY weighave no impact on Net Benefit model
outcomes. This is not surprising because thesenedeas are not included in the vaccine
demand functions, which are primarily used to estérbenefits for this model.

Table 7.6 shows an analysis of variance for the DAiodel. Uncertainties in
program fixed and variable costs are again the img®drtant contributor to variation in
optimal prices (columns 1-4) for the DALY model.i§ s again because of the necessity to
achieve revenue neutrality, which impacts pricesfiosubgroups. Other important

contributors to variation in the price for childrenhigh incidence villages (column 1) include
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their incidence rateNCU°,, (11%) the adult price coefficient (16%) and tdelaherd
protection coefficient (10%). These parametersafiienportant in determining the
effectiveness of adult-to-child cross subsidieadifilt coverage rates are expected to decline
quickly as a function of price, it would be diffittio subsidize child vaccinations by charging
adults more. This is especially true in light ofdhprotection effects, which may be strongly
influenced by adult coverage rates.

Similar to the Net Benefit model, the variatiortle ratio of population-weighted
average adult to child price for the DALY modell(gon 5) is primarily determined via adult
and child price coefficients (66% total) and herdtection coefficients (33% total). Again,
this is due to the importance of herd protectioremfucing community-wide disease rates
(and thereby increasing the number of DALYs saviedjdence rates have very little impact
on this outcome, although this is probably becaused a correlation coefficient between
adult and child incidence rates for the parameatawdThus, the ratio of adult to child
incidence is not likely to vary much from one siatidn to the next.

Next, | consider an analysis of variance for thmber of DALYs saved (column 6).
The single greatest source of uncertainty is tise ¢atality rate (almost 60%). The baseline
incidence rates for children (10% total), the dorabf protection (9%), and program costs
(12% total) are also important. The importancerafantainty in case fatality rates relative to
uncertainty in incidence is slightly exaggeratest,duse | incorporate separate incidence
values by subgroup, but only a single case fatedity. The causes of variation in the average
cost per DALY saved (column 7) are very similatiose for total DALYS.

In Table 7.7, | calculate 5% to 95% uncertaintgiméls for a number of important
vaccination metrics. The data are taken from Neteiemodel results, but these metrics
would be very similar if | used the DALY model irsd. The average number of vaccinations
per case avoided (column 1) depends primarily oid@nce rates, vaccination efficacy and
duration, and herd protection effects. The mediab0ivaccinations per case avoided with a
tightly bounded 5% to 95% range of 32 to 78 vadama per case avoided. The ratio of

public treatment cost savings to total costs (col@nis small all across parameter draws.
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The median ratio of public treatment savings taltobsts is about 11% and thé"95
percentile value is 18%. Thus, one could neglezddtto simplify the net revenue constraint.
The 5% to 95% uncertainty range for the societakfiecost ratio (column 3) is between 2.2
and 3.6, with a median of 2.8. This uncertaintygeais very tightly bound as the'®5
percentile value is only about 1.6 times greatant8' percentile value. Variation is primarily

determined by cost and price coefficient parameters

Table 7.7. MCS uncertainty ranges for important vacination program metrics

Cumulative  Vaccinations/ COI savings / Societal Net cost per Net cost
% cases total cost (%) benefit-cost DALY saved per life
avoided ratio saved
1) 2 3 (4) ()
5 32 0.06 2.2 185 4,664
10 35 0.07 2.3 213 5,621
15 38 0.07 24 233 5,952
20 40 0.08 24 256 6,628
25 43 0.08 25 279 7,203
30 44 0.09 2.6 293 7,673
35 45 0.09 2.6 320 8,192
40 47 0.09 2.7 346 8,944
45 48 0.10 2.7 370 9,448
50 50 0.11 2.8 388 9,930
55 52 0.11 2.8 420 10,567
60 54 0.12 2.9 450 11,617
65 56 0.12 2.9 482 12,362
70 58 0.13 3.0 514 13,109
75 60 0.14 3.1 554 13,964
80 63 0.15 3.2 593 14,807
85 65 0.16 3.3 651 16,574
90 70 0.17 34 738 18,894
95 78 0.19 3.6 850 21,405

There is considerably more variation in the co#ityimetrics, net cost per DALY
saved (column 4) and net cost per life saved (colG)nthan in the benefit-cost ratio. The 5%
to 95% uncertainty range for the net cost per DA£ Y85 to 850; the median is 388. Thus,
the 95 percentile value is about 4.6 times greater tifapeBcentile value. Since the World
Bank’s ‘very cost-effective’ threshold for Banglatieis about US$510, about 70% of the
simulation results would qualify as ‘very cost-etige’. The variation in this parameter is

primarily due to the uncertainty assumed for theedatality rate, which varied from 0.5% to
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3% in the sensitivity analysis. This is why the M@iStribution appears to be more favorable
than the deterministic models, which assumed ad$¢ tatality rate.

The uncertainty range for the cost per life sageshiown in column 5 of Table 7.7.
The median cost per life saved is about US$10,000tee 5% to 95% range is US$4,600 to
US$21,000. My best estimate of parental VSL fopangest child is about US$15,000, with
a range of US$10,000 to US$25,000. Since the @vdifp saved is less than US$15,000 in
about 80% of the simulations, revenue-neutral cholaccination programs would pass cost-
benefit tests in a majority of simulations eveprivate COI savings and avoided pain and
suffering were not valued. Thus, cholera vaccimagimgrams in the Matlab area would pass
benefit-cost tests regardless of whether WTP bisnefiprivate COI + mortality risk
reduction benefits are used. It may be easiertimate benefits for private COI + mortality
risk reductions in locations where private demaingeys are not conducted. A lot of the

variation in the cost per life saved is again dnibg the uncertainty for the case fatality rate.
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8 Conclusions

| believe that this dissertation makes the follaywiontributions to the existing
literature on vaccination policy. First, | was atecollect and synthesize vaccination benefit
data from multiple sources. The collection of dadan multiple sources allows me to test for
consistency, which increases validity of my resuscond, | developed new approaches to
modeling vaccination policy, including new methadsiccount for economic herd protection
benefits for both vaccinated and unvaccinated pestddy approach varies from that reported
in Cook et al. (2009) because my economic benstitnates for both vaccinated and
unvaccinated groups are based on consumer sughesaied from predicted demand
functions and adjusted for herd protection. In castt Cook et al.’s estimates of economic
benefits for the unvaccinated are base@oantemortality risk reduction and private
treatment cost savings. One potential deficiendpénCook et al. approach is the use of a
population-average VSL for the unvaccinated suljgmehen it is likely that the average VSL
for the unvaccinated group is less than that febpulation as a whole as evidenced by the
fact that they chose not to purchase vaccines. €bak’s use of different valuation methods
for the vaccinated and unvaccinated subgroupsedsts to a discontinuity in the net benefit
function.

In addition, | split the Matlab population into fosubgroups with varying incidence
rates and demand function parameters, while Coak enly consider a single population.
Thus, my approach can examine whether cross-sebsidght be useful to increase the
economic efficiency of cholera vaccination in caolesation of herd protection. Finally, my
study also examines the differences in programooogés when non-monetary health utility
units are used in the objective function in plateei economic benefits. In fact, | believe this

is the first attempt to use cost utility metricsaim optimization analysis.



| estimated cholera vaccination WTP benefits aedviilue of statistical life from CV
surveys. These allow me to compare average chedexane WTP tex antecholera mortality
and morbidity benefit estimates per person based3iy incidence and private COI data. Tere
antecholera vaccination benefits per person includestim of expected morbidity and mortality
savings over the duration of vaccine protection stmalild be approximately equal to the product
of average WTP for vaccination after accountingtlier fact that cholera vaccinations are not
100% effective and assuming prospective purchaserssk neutral.

The average WTP per person is greatest for youitdreh age 1 to 5 years (US$2.4)
followed by older children age 5 to 17 years (U8%and adults (US$1). | only collected VSL
estimates for children. The average VSL acrosggameps is US$15,000 but appears to be
greater for older children who face a lower bagelisk of death. My best estimates of the sums
of ex antemortality risk reduction and morbidity risk rediaect benefits are US$1.7 for young
children and US$0.24 for older children. Téseanteestimate for young children (US$1.70) is
about 70% of the WTP estimate (US$2.40). For attdidren, theex antemorbidity and
mortality risk reduction benefits per person, U80are only about 20% of the WTP benefits
per person (US$1.20). | believe that differencssiltébecause thex antemorbidity plus
mortality estimate ignores the cost of pain andesufg, which might compose a larger fraction
of total vaccination benefits when mortality risk® small, as is the case for older children. It
may also be the case that parents overestimatedlther children’s baseline risk of death from
cholera, which is likely to be very small. It isalimportant to note that there is greater
uncertainty in calculatingx antemorbidity plus mortality estimates than in cal¢ing the WTP
estimates. This is because there is uncertairtptin cholera mortality rates and VSL estimates.
These uncertainties are compounded when the tviablas are multiplied.

| examined a number of different pricing modelsvaccination programs. These include
simple models in which all four groups are chartjgddsame price and optimized models in

which different subgroups are charged differentgsi The optimized models attempt to

178



maximize either net societal benefits or total DALY¥aved. The net societal benefit curve is
almost flat over the range of likely prices, US$1t0 US$3.00, for a cholera vaccination
program in Matlab (see Figure 7.6). Over this ramigerices, net societal benefits vary between
US$200,000 and US$220,000. Thus, there is vehy tifference in the absolute maximum net
benefits, US$220,000, and the maximum net sodietatfits possible from a revenue neutral
program, US$210, 000. A public or donor contribatad US$32,000 could be used to boost net
societal benefits by about US$5,000, a 2% chaniges,Tdonor contributions are unnecessary to
increase net societal benefits; however, the numbBALYs can be increased to a small degree
by external contributions.

The optimal prices that maximize net societal biégsmegnd to fall within tightly bound
ranges around the marginal cost of vaccinationa Aesult, the prices for each of the four groups
would typically fall within US$1 of one another wheocietal net benefits are maximized. This
occurs because the demand functions are founditalbpendent of incidence differences across
villages. Since demand functions drive the caleuadf direct and indirect benefits, the
difference in optimal prices result solely from dindifferences in herd protection effects and
public COI savings. However, public COI savingstdtém be small relative to direct and indirect
benefits (see Figure 7.5). In the deterministic ebpidis assumed that herd protection effects are
same for vaccinating adults or children. Thus téngeting of vaccinations is unnecessary for
maximizing herd protection.

Program outcomes are very similar for models treetimize DALYs saved. Relative to
net benefit maximization models, the optimal pridesved from models that maximize DALYs
show more variability across subgroups. The optpniakes for groups with high incidence tend
to be smaller (i.e. for children relative to adaltsd for high incidence villages relative to averag
incidence villages). As a result, predicted covenades at optimal prices are greater for groups
in which the numbers of cases avoided per vacanaie greater. However, the population-

average coverage rates remain about the same. Hemdeprotection effects accrue equally to
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vaccinated and unvaccinated persons and are assarbedndependent of who is vaccinated.
Thus, there are very small differences in the nusbeDALYs saved for the Net Benefit versus
the DALY model, despite the differences in optipdates. Monte Carlo Simulation results
indicate that the differences in net societal bénef DALYs saved for the Net Benefit or DALY
models are less than 10% across a range of 50pendent parameter draws.

It is possible to increase the number of DALYs shkif@xternal funding is available.
However, the marginal cost per DALY saved woulchigh. The cost per DALY saved varies
depending on the coverage rate of the programHigeee 7.7 and refer to Appendix 4). At very
low coverage rates, the average cost per vaccimetigery high because fixed costs are spread
across a small number of vaccinated individualsaAssult, the cost per DALY saved is also
high. As coverage increases, the cost per DALY daeereases as more people become
vaccinated and fixed costs across a larger nunfbexcgination recipients. The cost per DALY
is minimized when the average price charged is 8d8$3 and the average coverage rate is
about 20%. As coverage rates increase beyond 20%wvtrage cost per DALY saved decreases.
This is because of the diminishing returns to sofleerd protection. If fixed costs were assumed
to be zero, the average cost per DALY saved wowdtease monotonically with coverage,
because of these declining returns to scale.

| performed sensitivity analysis on a number of eladput parameters using Monte
Carlo Simulation with 500 parameter draws. The waggy in optimal pricing is driven
primarily by uncertainty in the fixed and varialglests of vaccination programs. If program costs
are greater than expected, it would be necessailyaime all subgroups higher prices in order to
maintain revenue neutrality. When higher priceschigrged, coverage rates decline, herd
protection effects are diminished, and fewer claot&rses are avoided. Thus, variation in societal
net benefits and DALYs are also strongly affectgdibcertainty in program costs. Uncertainty in
net societal benefits is also driven by uncertaimtgemand function parameters. If demand is

greater than expected, net societal benefits iserbacause cholera protection is perceived to be
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more valuable to the community. The uncertaintpALYs saved is primarily driven by

variability in case fatality rate and incidenceemtsuch that more DALY's are saved when
incidence and case fatality rates are greates.Helieved that cholera case fatality rates may be
lower in Matlab relative to other rural communitiescause Matlab’s ICDDR,B hospital is
available to provide high quality treatment. If ediatality rate were greater than 1%, it is likely
that cholera vaccination in the Matlab area co@aénsidered ‘very cost-effective’ based on
World Bank Standards, but only at modest coveratgsr(20-40%). At higher coverage rates, the
cost per DALY saved would be higher due to dimiimrigireturns to scale of herd protection.

In the MCS, | allowed the shape of the herd prataaturve to be influenced by who is
receiving vaccinations. Individuals in differenbgmoups may spread disease differently than
members of other subgrouffd.am not aware of attempts to model differenteichprotection
effects of cholera vaccination based on coveraigs tay different subgroups (e.g., school
children, elderly, males, females). The Matlahl igdahe only cholera vaccine trial that has been
modeled for herd protection (Ali et al., 2005; Atial., 2008; Longini et al., 2007; Emch et al.,
2009). This trial only included children older thaiyears and adult women. In addition,
modeling of the coverage-protection relationshiprity available for the population as a whole,
not for different age groups. Ali et al. (2008) egjed that cholera incidence for children less than
2 years is significantly correlated with the fractiof adult females vaccinated in their bari, but
not statistically correlated with the coverage fateolder children. Thus, it would appear that
vaccinating women is more effective than vaccirgathildren for boosting herd protection of
infants.

The authors consider different reasons for thetgremapact of vaccinating women. They
rule out transmission of immunogenic compoundanaghers’ breast milk, which had been

examined during the trial (Clemens et al., 199Be}tead, they suggest that physical (rather than

%For example, in the United States and Japan, reserarhave found that school children spread inflae
more than other age groups. As a result, greater hitection effects are realized by targetinddrkn
relative to other age groups (Patel et al. 2005).
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biological) transmission methods are more likelysgibly because of women'’s roles in the
preparation of household food or infants’ contagth soiled saris) (Stanton and Clemens, 1986;
St. Louis et al., 1990). It is not know if vacciioais of adult women were also more effective for
reducing incidence in older children or adultsvdiuld be difficult to draw inferences for other
age groups, who do not spend all of their timénendare of their mother.

In the MCS, | allowed adult and child herd protestcoefficients to vary independently,
such that vaccination of one group may have a gréetrd protection effect than the other. If
child herd protection coefficients are larger thalt coefficients, the optimal child prices would
be reduced relative to the base case models, fiertetices are small (see Figure 7.10).
Differences in outcome measures are also relatsmal. Similar conclusions are reached if the
magnitudes of adult herd protection coefficients gneater than child coefficients. It should be
noted that | used tightly bounded uncertainty rarigghe MCS. At maximum, the herd
protection effect was 2.2 times greater for onaigntan the other. If | used larger uncertainty
ranges, | may have seen a more pronounced effeateter, discussions with epidemiologists at
the International Vaccine Institute indicated thath large differences would be unlikely.

| also examined differences in outcome measures egtimating monetary benefits for
those with zero WTP for vaccines. This assumessitrae fraction of the population would have
chosen to receive free vaccinations if there weréme costs or if they were completely certain
there would be no side effects. The inclusion ekthbenefit measures has a very small impact on
optimal prices and program outcomes because tharityapf cholera protection benefits would
still accrue to those with non-zero WTP for choleaacinations.

A number of conclusions may be drawn from my analy=or diseases like cholera, it
may be unnecessary and excessively costly to magiwgccine coverage rates. Due to herd
protection, increases in coverage beyond 30% wlealdl to very small changes in the number of
cases avoided. It may not be a worthwhile investraéresources to try to increase coverage

rates beyond this rate.
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A priori, it is difficult to determine whether vaoation benefits should be modeled based
on WTP benefits or public health measures. Fosoeietal benefit maximization, the value of
protection is determined by how much people aréngito pay for vaccines, which is
heterogeneous across the population and which demansocioeconomic characteristics and
individual perceptions about the likelihood andeséy of contracting cholera. Thus, the
objective function is greatly influenced by thoséwhigher than average WTP, which may not
be directly correlated with those who face the g®aisk of cholera morbidity or mortality. On
the other hand, public health benefits are genevatighted by incidence and case fatality rates,
which are assumed to be homogenous within subgrngh$ieterogeneous across subgroups.
Thus, vaccinations may be easily targeted to valvierpopulations.

The existence of herd protection effects tendsrtoagh out the differences in outcomes
between the Net Benefit and DALY models. For thesthad the models, the unvaccinated
incidence rates are reduced by 45% — 55%. Thu#j@ual differences in direct protection
across groups are minor relative to the indirectgmtion experienced. As a result, differences in
outcome measures are relatively small even if diffees in prices are substantial. When
estimating the difference in incidence rates fotlstas highest incidence villages, | tried to use
the maximum possible difference in incidence acuitges. It is likely that the high-incidence-
village to average-incidence-village ratio for Mditlis smaller than four, in which case there
would be less incentive to subsidize high incidevitages. Thus, the value of cross-subsidies
would be further reduced. In practice, it shouldhech easier to charge the same price to all
subgroups. While this is likely to be true in mauyal areas, more careful consideration may be
required for urban areas in which slum communitiey face drastically higher risks of cholera
than their middle and upper income neighbors. énuban case, cross-subsidies might be a more

useful policy tool.
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Appendix 1: Questionnaire: Willingness to pay for Cholera Vacaies in Matlab,
Bangladesh

Cover Sheet

Questionnaire Number

Number (same as item 1.5)
CID Number

RID Number

Patient's Hospital ID Number (if applicable)

Block number

Respondent Address

Interviewer, how long did you have to wait, aftetiang at the respondent's home, to conduct
this interview? (Please fill in below in minutésyou didn't have to wait, please record "zero")

minute

For manager use only (write initials)

Submitted withconsent form For data entry only:

Entry 1 Code  Entry 2 Code

Questionnaire ready for data entry 1] 1]
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1.0

If the survey is not completed, please inditla¢ereason why?

(1) Respondent seriously ill, camasthedule

2) Respondent refused to be intedew

3) Respondent refused to sign consent

(4) Respondent decided to stop béfushing interview

(5) Respondent absent

(6) No children under 18 yrs. in tamity

) Respondent is not a parent oflail less than 18 years of age
(-95) othpexify

Part 1 Demographics

1.1 Interviewer, when did you meet with the respond&fafk the time you started and
finished in the appropriate box. If the survey riegd a second interview, mark the start
and finish time of that second interview also, aodn. 1.1
First visit Second visit Third visit| Fourth visit
1.1A Date (dd/mml/yy)
Y S
1.1B Time start —_ — _ _ _
hours/minutes
1.1C Time stop — 0 — — — = - —
hours/minutes
1.1D Total minutes
minutes
1.2 - -
Questionnaire Version Number Vacc price VSL ef VSL price  NTT/TTT
1.3
Questionnaire Number
1.4 Interviewer Code
15 Respondent’s ID Number

CID Number
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RID Number

1.6 Block number

1.7 Respondent's Gender

(1) Male
(2) Female

1.8 Enumerator: Do you have a signed consent form for this respondent?

D Yes (Skip to 1.9)
(2 No (Continue)

Give the consent form to the respondent and allowHer to read it. Make sure that he/she
understands the information. If the respondentt cead then read out the consent form to the
respondent and try to make him/her understandhelfrespondent agrees to interview then take
his/her signature/left thumbprint on the consenmnfand keep the signed consent form with you.

Fill in the table on your laminated card for all isehold members. Then copy the information
into the table below.

1.9 Current Age | 1.10 Gender 1.11 Relationship to
1=Male, 2= Female | respondent

Self

Spouse

Other 1
Other 2
Other 3
Other 4
Other 5
Other 6
Other 7
Other 8
Other 9
Other 10
Other 11
Other 12
Other 13
Other 14
Other 15
Other 16
Other 17
Other 18
Other 19
Other 20
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(1.11) Relationship to respondent/patient

1 = Respondent 7= Spouse of the respondent
2 = Son/daughter of the 8 = Spouse of the son/daughter of the
respondent respondent
3 = Grandchildren of the 9 = Spouse of the grandchildren of the
respondent respondent
4 = Brother/sister of the 10 = Brother in law/Sister in law of the
respondent respondent
5 = Mother/father of the 11 = Mother/father in law of the respondent
respondent
6 = Extended Family (-95)= Others
1.12 Enumerator: aretherechildren under 18 yearsold listed in the table above?
(2) Yes
(2) N§Go to 1.0 and check (7)]
1.13 How many married couples are living in this household?

couple

1.14 Have you heard anything about this study from your friend, neighbors, ofamily

members?
(2) Yes
2) No (Skip to section 2)
1.15 What have you heard about this stuffumerator: record their response below)

2: Perceptions and Attitude Towards Cholera

2.1

The next questions | would like to ask you areutlbioe disease cholera.

Have you ever heard of the disease cholera?

D Yes
2) Nogkip to statement after 3.2
(-98) Don't know/not surgk(p to statement after 2.2
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2.2 What are the symptoms of cholera? (Spontanesp®nse, more than one response
permitted)

(Yes) (No)
1. Watery diarrhea many times
2. Rice watery stool
3. Sunken eyes
4. Continuous diarrhea
5. Vomiting
6. Leg and hand cramps
7. Dry mouth
8. Crying without tears
9. Increasing thirst
10. Dehydration
11. Weakness
12. Fever
(-95) Others, specify
(-98) Don't know/not sure

Please read the following description to all resdents:

Cholera is a disease often characterized by seliarehea, frequent episodes of watery diarrhga,
vomiting, and weakness.
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2.3 How does someone become infected by cholera? (&paous response, more than
one response permitted: check all that apply)

Yes No

drinking unboiled water

eating unhygienic foods

eating food from street vendors
eating unclean, uncooked vegetables
eating unripe fruit

bad weather

using unhygienic latrines

not washing hands before eating
flies touching food

other(s) specify:

Sle|~eole o

— | —

)

don't know/not sure

2.4 How common do you think cholera is in your héigrhood? (read all responses before

taking answer; one response permitted)

@8} Not very common
(2) Common

3 Very common

(-98) Don't know/not sure

How serious is cholera for the following groups®or( each group, read all responses: allow
respondent to answer very serious/serious/notrimusédon't know/not sure)

1) ) ®3) (-98)
Very serious| Serious | Not so serioug Don't know/not
sure
o5 Children (under 18)
26 Adults

2.7 How likely is it that you would get cholera sertime in the next five years? (read all

responses; one response permitted)

D very unlikely

2) unlikely

3) somewhat likely
4) very likely

(-98) don't know/not sure
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2.8 How likely is it that the young children (unde8) in your household would get cholera
some time in the next five years? (read all respsingne response permitted)

QD very unlikely
2 unlikely
3) somewnhat likely
4) very likely
(-98) don't know/not sure
2.9 Has anybody in your household (including yolfiyexer had cholera?
QD Yes
(2) NoSkip to 2.1}
(-98) Don't know/not surglfp to 2.1}1

2.10 Who has had cholera, and when did they hasler@d?® (Multiple response permitted)
List Check When?

Year Don't know, not sure (check)

Spouse

Other 2

Other 4

Other 6

Other 8

Other 10

Other 12
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Other 14

Other 15

2.11

2.12

(1)
)
®3)
(4)
(®)
(6)
(-98)

2.13

2.14

Has anyone in your household ever died ofech@l

D Yes (continue)
(2) No (Skip to Question 2.13)
(-98) Don't know/not surgkip to 2.13

For each person in your household who diezholera, please tell me how old they were
when they died. (Spontaneous response; recordrtotaber of individuals who died of
cholera in each group)

Number of people

Infant less than one

Child (1 to 5 years)

Child (6 to 10 years)

Child (11 to 18 years)

Other adult (19 to 54 years)

Other adult (Over 54)

Don't know/not sure

Have you known personally anyone (other thanwsehold member) who has been sick
due to cholera?

() Yes
(2 No (Skip to Question 2.15)
(-98) Don't know/not sure (Skip to 2.15)

Have you known personally anyone (other thhausehold member) who has died due
to cholera?

() Yes
2 __ No
(-98) Don't know/not sure

191



2.15

2.16

Imagine you are sick. It's not an emergehayyou need to see a doctor. If you went to
public hospital, how long would you usually havewait after arriving there before a
doctor/nurse would be able to see you? (i.e., hmvg is the queue likely to be?)
[Enumerator: record the respondent's answers irutesn if you never have to wait,
record '07]

No. of minutes

(-93) | have never visited central hadpit

(-94) The queue varies in length, it fBadilt to say
(-95) otispexify
(-98) Don't know/not sure

Imagine you are sick. It's not an emergebayyou need to see a doctor. If you went to
private medical facility (private physician, hogpior clinic) how long would you usually
have to wait after arriving there before a doctarge would be able to see you? (i.e.,
how long is the queue likely to be?) [Enumeratecord the respondent's answers in
minutes, if you never have to wait, record '0’]

No. of minutes

(-93) | have never visited a private ptigsihospital/clinic
(-94) The queue varies in length, it fBadilt to say

(-95) othersjfgpec

(-98) Don't know/not sure
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3: Vaccines and Cholera

Next I'd like to talk about the spread and prevantdf cholera. Cholera is spread primarily
through eating food and drinking water contaminaigdthe feces of patients. You can help
protect yourself from cholera by always consuminty safe, clean food and water and washing
your hands thoroughly after defecation and befakent food.

Cholera is caused by a type germ. When someoreascill with cholera, he/she can develop
severe diarrhea that can cause him or her to &ge lamounts of fluids and salts. When the
body loses too many fluids and salts, it can ngdorwork properly. The patient's kidneys can
stop working, and the patient could die. The puatigith cholera should drink plenty of oral
saline and when severe, take intravenous salir@ém@hsaline. If the patient takes Antibiotics
right away, the diarrhea should not last as long.

The diarrhea caused by cholera will stop in a fewysd Giving fluids works well to prevent and
treat the worst problems caused by cholera, andgiluids also makes the patient feel better.
However, without treatment a person with choleralwacome severely sick or die.

3.1 Do you have any questions or anything you atelear about?

(2) Yes
(2) No

If yes, record the respondent's questions:

[Enumerator: If you know the answer to the regpmm's questions, please answer them
truthfully and briefly. If you are not sure youdwm the answer, please tell the respondent that
you are not sure.]

I would like to ask you the following questions abwaccines.

3.2 Have you ever heard about vaccines?
(2) Yes
2) No (Skip to statement after 3.3)
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3.3 In your opinion, what is the purpose of a vae@i (Spontaneous response, multiple

response permitted)

(Yes) (No)
D Prevent disease for children
(2) Prevent disease for pregnant women
3) Prevent disease for all people
4) Cure disease
(-95) other, specify
(-98) Don't know/not sure

Read the followingstatementto all respondents
Vaccine is for "prevention”, not for treatment. You have to take a vaccine before you get sick.

3.4 Have you been vaccinated before?

QD Yes
No
(-98) Don't know/not sure

Read the following statement to all respondents
Several years ago, an old cholera vaccine and andotombined (cholera and typhoid) vaccine
called TABC was available to people in Matlab.

3.5 Has anyone in this household including yoursatf either the old cholera vaccine or the
old combined TABC vaccine?

(1) Yes
(2) No (Skip to question 3.9)
(-98) Don't know/not sure (Skigteestion 3.9)
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3.6 Which members of the household had the oldechobr the old TABC vaccine?
[Enumerator: Please record the time of vaccinatiornce paid and whether or not the
respondent thinks the vaccine is still working. a8k record (-98) if they do not
remember the date for the vaccination or the ppail]

List Check| TABC Do you believe the
1= Cholera When?| Price| vaccine is still working
2=TABC paid for this
3= Both (Year) ? Yes No | Don't
TABC or Cholera know/
(1=Cholera, 2= Not sure
TABC
vaccine, 3=Both)

Self
Spouse

Other 1

Other 2

Other 3

Other 4

Other 5

Other 6

Other 7

Other 8

Other 9

3.7  Were you satisfied with the old vaccine?

(2) Yes (Skip to question 3.9)
2 __ No
(-98) Don't know/not sure (Skip to quesB.9)
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3.8

3.9

(1)
(2)
3)
(4)
()
(-95)

(-98)

If no, why not? (Spontaneous response, reaasdtbe most importantgnhumerator: If
the respondent gave more than one reason, ple&setash is the most important
reason

D Did not prevent Cholera

2 Was not satisfied with the char#sties of vaccine (i.e. smell or color or
taste)

3) Was not satisfied with the metbbddministering the vaccine

(4) Minor side effects (i.e. diarrheash, leaves scars on skin, fever,
headache, loss of appetite, vomiting)

(5) Caused other major health problem

(6) Because the vaccine was locatigyred

@) Injection was very painful

(-95) atpecify [ | ]

(-98) Don't know/not sure

In your household, who would be primarily invedl in making the decision whether or
not to purchase cholera vaccines for your housemelohbers? (Spontaneous response,
multiple responses permitted)

(Yes) (No)

myself (respondent)

spouse of respondent

parents of respondent

parents in-law(s) of respondent

children of respondent

other, speg

Don't know/not sure
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Cholera CV Scenario

Doctors and scientists have developed a new vadtiae can prevent people from getting

cholera. We'd like to know what you would do iéthew cholera vaccine was available for sale
at a convenient location like a vaccination campamrcination clinic. This new vaccine could be

given to individuals to prevent them from havingleha in the future. It could not be used to

treat someone who currently has cholera. Thisimactannot be used for children under 1 year
and pregnant women. This vaccine is different fthemold cholera or TABC vaccine that you or

your household members may have received.

Suppose that this vaccine has no side effectsjsasafe, that is, after you were vaccinated you
would have no chance to get cholera from the vaccBuppose that you could drink the vaccine
(like the polio vaccine) so that the vaccine wohtl painless. Assume that two doses of the
vaccine would be required taken about 2 weeks ap8tppose that taking the two doses of
cholera vaccine would be [50% effective for 3 ygars

Vaccine effectiveness
Now | want to explain exactly what | mean wheny gze vaccine would be [50%] effective.

Suppose that each of these little blue or red égyEnumerator: show the pictureepresents a
person. (Enumerator: point out the circle). TI@® figures inside this circle represent 100
persons who have taken the vaccine, while the diguutside the circle represents those who
have not taken the vaccine. The cholera vaccinetid00% effective; that is the vaccine is only
(50%) effective. Therefore, of the 100 peoplerigkihe vaccine in the circle, there will be (50%)
of the people who have taken the vaccine that aregted (i.e., the vaccine works for them) for
a period of 3 years. The blue figures inside timsle represent these people.

The rest of the people (the red ones inside tliegivho have been vaccinated [50] will not be
protected against cholera even though they hawenttile vaccine, because the vaccines did not
work for them. They will still be at risk of gatty cholera just like they were before they got the
vaccine or just like the people outside the civel® haven't received vaccines. However, even if
they get cholera, their symptoms may not be quétsewvere compared to someone who has not
received the vaccine.

The people who receive cholera vaccine will noabke to know if the vaccine works for them.
Of course, we don't know who would actually getlehm A red person outside the circle who
has not taken a vaccine still has a relatively krsM of being infected.

Now | am going to ask you some questions to make thiat the information | told you is clear.

First round

3.10 Please point to all the people who have t#kewaccinelpterviewer: put a mark into a
relevant placg

QD respondent did give the correcivans
2 respondent did not give the commestver
(-98) respondent did not know/not sure

197



3.11

3.12

3.13

3.14

3.15

Please point to all the people who have takenvaccine and it works for them.
[Interviewer: put a mark into a relevant place

D respondent did give the correcivans
(2) respondent did not give the commestver
(-98) respondent did not know/not sure

How many years would the cholera vaccine Viorkhem?

If respondent gave incorrestan, please correct it
(-98) respondent did not know/not sure

How many people have taken the vaccine bustihget cholera?
[Interviewer: put a mark into a relevant pldce

Q) respondent did give the correstvan
2) respondent did not give the coaswer
(-98) respondent did not know/not sure

If an unvaccinated person gets infected by chotarma the vaccine be used to cure them?

(2) respondent did give the correstvan
2) respondent did not give the coaswer
(-98) respondent did not know/not sure

= If respondent gave incorrect answer, please coritect

Interviewer: did the respondent give theaxranswer to all three effectiveness
guestions (3.10, 3.11 and 3.13)?

(2) Yes (Skip to 3.19)
2 _ No

Enumerator: If No to 3.15 tell the respondent:

"| feel that | need to explain about the effectesnof the vaccine a little bit more." (explain the
effectiveness of the vaccine again) "Now | wolkd tb go over the questions again, to make sure
that the information | told you is clear."

Display card to be explained again. (Re-ask 3 following questions)

Second round

3.16

Please point to all the people who have t#kewaccinelpterviewer: put a mark into a
relevant placg

1) respondent did give the correstvan
2) respondent did not give the coaswer
(-98) respondent did not know/not sure
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3.17 Please point to all the people who have taken dgleeine and it works for them.
[Interviewer: put a mark into a relevant pldce

D respondent did give the correstvan
2) respondent did not give the coaswer
(-98) respondent did not know/not sure

3.18 How many people have taken the vaccines lustilaget cholera?fterviewer: put a
mark into a relevant plage

QD respondent did give the correstvan
(2) respondent did not give the comaswer
(-98) respondent did not know/not sure

Note: Whether the respondents gave the correatearte not, please skip to the next page.

3.19 Please indicate what you believe to be thetnmmportant benefit of the vaccine.
((Enumerator: read all answers))

1) Prevent pain and suffering of cholera

2) Avoid payments for treating cholerarafietting sick
3) Prevent risk of death from cholera

(4) Avoid lost wages or time at work becanfseholera
(-98)__ Don’t know/No answer
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4. Willingness to pay for Cholera Vaccine

Suppose that the government will not supply the nagcine for free. Those who want a vaccine
would have to pay a fixed price for it. Everyoneuld pay the same price.

Now I'd like to know whether you would buy the veexif it was available at a specified price.
Some people say they cannot afford the price of#ioeine or that they are actually not at risk of
getting this disease. Other people say that wbuldthe vaccine because the protection is really
worth it to them. In other studies about vaccinves have found that people sometimes say they
want to buy the vaccine. They think: "l would tgdike as much protection from this disease as
possible." However, they may forget about othéng$ they need to spend their money on.
Please try to think carefully about what you woalttually do if you had to spend your own
money. There are no right or wrong answers. Vilyrevant to know what you would do.

[No Time to Think Only]

When you give your answer about whether you wouldvould not buy the vaccine, please
consider the following: yours and your family's ante and economic status compared with the
price of the vaccine, and your risk of getting @nal Apart from the vaccine, remember that we
still have other ways to treat cholera such as @ealydration solution. Also, remember that the
benefit of the vaccine in preventing cholera is%béffective for 3 years]. Again, the cholera
vaccine cannot be used by children under 1 yeapesghant women.

[Enumerator: Please hand the laminated reminderdc#o the respondent, to remind the
respondent of the important information for theiecision. Also show them the relevant
effectiveness card. If a respondent is illiterataow them only the relevant effectiveness card]

4.1a Do you have any question or anything you atelear about?

QD Yes
(2) No

Record the respondent's questions/comments:

First I'm going to ask you about your willingneespurchase the vaccine for yourself. Then | am
going to ask you about whether you would purché&se vaccine for other member of your
household.
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[Time to Think ONLY]

We are almost at the end of our first interviewd dmvant to thank you very much for your time.
I would like to return again tomorrow to ask you ma@uestions. | will ask you whether you
would want to buy this vaccine for yourself as vadlfor other members of your household if it
were sold at a certain price. | would encourage tpothink overnight about how much this new
vaccine is worth to you, and the range of pricaes yight be willing to pay for this vaccine for

yourself and for your household members. You mag aant to discuss these decisions with
other members of your household.

This card summerizes this informatidenumerator: hand respondent laminated dard

Please consider the following: yours and your fgisiincome and economic status, and your risk
of getting cholera. Apart from the vaccine, rememthat we still have other ways to treat
cholera such as oral dehydration solution. Alsmember that the benefit of the vaccine in
preventing cholera is [50% effective for 3 yeargjgain, the cholera vaccine cannot be used by
children under 1 year and pregnant women.

When is a convenient time for me to return tomoffow

Date:

Time;

(Enumerator: record the time this interview was pteted in Section.)

[TIME TO THINK ONLY ]

Second I nterview

(Enumerator: record the time this interview séatin Section 1.)

Let's begin where we left off yesterday. Again, mge that the government will not supply the
new vaccine for free. Those who want a vaccinelevbave to pay a fixed price for it. Everyone
would pay the same price.

When you give your answer about whether you wouldvould not buy the vaccine, please
consider the following: yours and your family's @nee and economic status compared with the
price of the vaccine, and your risk of getting @nal Apart from the vaccine, remember that we
still have other ways to treat cholera such as rtaydration solution. Also, remember that the
benefit of the new vaccine in preventing cholera(%o effective for three years. Again, the new
cholera vaccine cannot be used by children ungeeat and pregnant women.

First I'm going to ask you about your willingneegpurchase the vaccine for yourself. Then | am

going to ask you about whether you would purchaseviaccine for other members of your
household.
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4.1b Do you have any question or anything you ateclear about?
(2) Yes

(2) No

Record the respondent’s questions/comments:

L]

4.2 Suppose that this cholera vaccine costs (TR k@5, Tk.50, Tk.75, Tk. 300, Tk. 600)
for the two doses needed for one person. Would tyou this vaccine for yourself?
(Spontaneous response; one response peritted

D YesSKkip to question 4)3
(2) Nogkip to question 4)5
(-98) Don’t know/not sur&Kkip to question 4)5

4.3 What is the main reason that you would buy thecive® Do not read choices; record
only the most important reaspn

QD Vaccine is useful for me becausedbisd for prevention and safety
(Skip to question 4.4)

2 Price is reasonable, can afford eéSHKip to question 4)4

3 | think | have a chance of getting er®ISkip to question 4)4

4) Cholera is a dangerous disegkip (o question 4)4

(-95) [1["] Other, specifygkip to 4.4)

(-98) Don’t know/not sur&kip to question 4)4

4.4 Are you certain of your answer that you woultighase the vaccine for yourself if the
price of the vaccine were (Tk.10, Tk.25, Tk.50,78.Tk.300) for the two doses needed
for one person? (read all responses: one respensetted).

(1) Very certain of my answer(skip to 4.90 avark “Yes”)
2 Somewhat certain (skip to 4.9b and ri¥éels”)
3) Not certain; unsure (skip to 4.9b andktdes”)
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4.5

4.6

What is the main reason that you will not pggu are not sure that you will pay for the
vaccine for your selfjo not read choices, record only the most importaason)?

D No money

(2) Too expensive

3) | am too old

(4) I would buy this vaccine only for someaise (ie children, other family
members etc.)

(5) | would buy this vaccine only if manyop& around me get cholera

(6) | would buy this vaccine only if it isry convenient

@) | would take the vaccine only if othepple around me took the vaccine.

(8) Do not think that I'd have a chancedbdholera

(9) Afraid that the vaccine might not beesaf

(20) Afraid that the syringe/container mightdirty

(11) Do not think that the vaccine can enéholera

(12) Concerned that the vaccine will cabisecholera.

(13) Have previously had a cholera vaceind,therefore do not need this
vaccine.

(-95) [ 1] Other (please specify)

(-98) Don’t know/not sure

How certain are you of your answer that you ld@ot pay/you are not sure that you will
pay for the vaccine for your selffe@d all responses, one response permijitted

(1) Very certain of my
(2) Somewhat certain
3) Not certain; unsure

4.7 If you could get vaccine for free, would you wémbe vaccinated?

4.8

) Yes$kip to question 4.9a)
@3] Nqcontinue)
(-98) Don't know/not surgontinue)

Why would you not want to receive a vaccine if yauld get it for free?Do not read
choices, record only the most important reason)

1) Vaccine has little use or not us¢ékip to 4.9b and mark “No”)

2 | don’t think | have a chance to get ctelgkip to 4.9b and mark “No”)

3) Afraid that the vaccine might not be gakip to 4.9b and mark “No”)

(4) Afraid that the syringe/container miglet dirty (skip to 4.9b and mark
“NOH)

(5) Do not think that vaccine can really pravcholera (skip to 4.9b and mark
“No”)

(6) Concerned that the vaccine will causedtbease(skip to 4.9b and mark
“NOH)

) Have previously had a cholera vaccaral therefore do not need this
vaccine. (skip to 4.9b and mark “No”)

(-95) [ 1] other specify(skip to 4.9b and
mark “No”)

(-98) Don’t know/not sure (skip to 4.9b andki&lo”)
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49a Would you pay anything for this vaccine?

D Yes (mark YES for 4.9b)
(2) No (mark NO for 4.9b)
(-98) Don't know/not sure (mark NO for 4.9b)

4.9b. Enumerator: You will refer to this quentiater to determine whether to do "stoplight"

exercise
D Yes
(2) No

4.10 [Enumerator: How many people are listening to théenview?]

Adults:
Children:
Total:
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[Interviewer: explain to respondent]

The following questions are about your willingnésspay for the cholera vaccine for your
family members who are living with you.

4.11 Suppose that this cholera vaccine costs (TRER25, Tk.50, Tk.75, Tk. 300, Tk. 600)

for the two doses needed for one person (same fori@gults and children), how many people in
your household (not including yourself) would yoe hvilling to purchase vaccines for?
Remember, the cholera vaccine cannot be used ldyemiunder 1 year or pregnant women.

Number of household members (ONLY F@QR/IBEHOLD MEMBERS, NOT
INCLUDING YOURSELF)

[Enumerator: If respondent would pay for O vaccirgdp to 4.16]

4.12  Who would you buy this vaccine foRecord whether or not the family member whom
you want to get the vaccine lives in your house

I Check Live in this house?
List

Yes No

Spouse
Other 1

Other 2
Other 3 [NOTE to the enumerator: If the

Other 4 respondent would not buy the

vaccine for anyone, including
Other 5 themselves, skip to 4.16.]
Other 6

Other 7
Other 8
Other 9
Other 10
Other 11
Other 12
Other 13
Other 14
Other 15
TOTAL
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[Enumerator: multiply the total number of househohembers respondent said they would
purchase for, plus one if they said they would buyaccine for themselves (check 4.2) at the
specified price, by the price of the vaccine toagbthe total amount]. If the total number of
people listed in the table above differs from tienber of people in the answer to 4.0%e the
number of people in the table above.

[Enumerator: Please skip this question if the taalount of the vaccine is “zero”

4.13 You've said that you would buy vaccines for a laih household members
including yourself at this price. This would amotma total cost to you of

4.14 How confident are you that you would beeablafford this amount of monegalculated
abovg? (Read all responses, one response permitted)

() Very confident (skip to 4.16)
(2) Confident (skip to 4.16)
3 Not confident
4.15 How many vaccines are you confident you caifiord to buy?
, # vaccines
(-98) don't know/not sure

4.16 Enumerator: Skip to Section 5 if the answer 8b4s No.

Please think about the decision to buy a vaca@ngdurself. There are bad prices, when you are
completely sure that you would not purchase a wacfir yourself . There are good prices when
you are completely sure that you would definitelyghase the vaccine for yourselfAnd then
there are some prices at which you are not sustheh you would purchase or not purchase the
vaccine.

Now | would like to read you a list of prices. $tirl will start with a very high price and | will
read you lower and lower prices. | would like ytoutell me when we get to a price where you
are unsure if you will buy it for yourself. That iyou might purchase the vaccine for yourself at
that price but you might not. Then | will tell yauwery low price and then read higher and higher
prices. Again, tell me to stop when we get to i@gpwhen you are not completely sure you
would pay that price for the vaccine. Rememberyaat to know here about the price you'd be
willing to pay for the vaccine for yourself—not fother members of your family.

Do you have any questions about anything I've yolal?
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4.17 [Enumerator: copy the respondent’s marks onto tladesbelow.]

Price

You are
completely sure
that you would

purchase

Uncertain

You are
completely sure
that you would
NOT purchase

Tk. 5000

Tk. 1000

Tk. 500

Tk. 400

Tk. 300

Tk. 200

Tk. 100

Tk. 75

Tk. 50

Tk. 25

Tk.15

Tk. 10

Tk. 5

Tk. 1

Tk. 0

How difficult was this exercise for you? (EnumeraRead the responses)

(1) Very easy

2 Somewhat easy
3) Somewhat difficult
(4) Very difficult
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5 Value of Statistical Life

The cholera vaccine will protect your child fronotdra only. Your child may also become sick
with pneumonia, cancer, typhoid, or other diseaBks.cholera vaccine will not protect your
child against these other ilinesses.

Let us consider your child’s risk of death fromwanber of different illnesses and other causes.
This next picture shows many ways that a child initi. (Enumerator: show risk-ladder picture
and say the name of each cause of de&tbine causes of death are more common than others.
The most common causes of death for children, agalspiratory disease, are shown at the top
of the scale. The least common causes of death,asugetting struck by lightning, are shown at
the bottom of the scale. The rest of the causegaih fall in between the risks from respiratory
disease and from lightning strikes.

5.1 Please point to the cause of death on thithbs you think is most common for children
in your community(Enumerator: please mark answer)

() All respiratory disease
(2) Drowning

3) All diarrhea

(4) Cancer

(5) Infections

(6) Lack of nutrition

) Homicide

(8) Gastro-intestinal disease
(9) Lightning strike

(-98)_ No response

5.2 Please point to the cause of death on thighiid you think is least common for children
in your community(Enumerator please mark answer)

QD All respiratory disease
2 Drowning

3) All diarrhea

4) Cancer

(5) Infections

(6) Lack of nutrition

@) Homicide

(8) Gastro-intestinal disease
C)) Lightning strike

(-98)__ No response
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5.3 Please consider how cholera affects childigiour community. Also, consider how the
risk of death from cholera compares to the otheksrdf death shown in the picture.
Some causes of death on the scale may be morg tileet cholera. Other causes of death
may be less likely than cholera. Please pointeéacttuse of death on this list that you
believe is about the same as the risk of death @tootera for children in your
community.(Enumerator please mark answer)

() All respiratory disease
(2) Drowning

3) All diarrhea

4) Cancer

(5) Infections

(6) Lack of nutrition

) Homicide

(8) Gastro-intestinal disease
(9) Lightning strike

(-98)_ No response

Next, | would like to talk about the concept of ipability. Later | will talk about how this relates
to the risk of death. Then we will discuss how adthetical nutritional supplement might be
used to decrease the risk of death and how youdmalle this decrease. To begin, let's start
with a coin toss. If you flip a coin, half of thiene it will land on “chand”, and half of the time i
will land on “lota”.

I will be using graphs like this or{&numerator: show coin picturéd show you the likelihood of
certain outcomes. This graph has1000 squaresamdared to represent the chances of flipping
a coin and it landing on “chand”. Half of the ages are red- corresponding to the coin landing
on “chand”. The other half are white- correspondimfjota”. This means that if you flipped the
coin 1000 times, it would land on “chand” about 5®@es and it would land on “lota” about 500
times.

Now, let us examine the chances of throwing a "fivgh a die. Since the die has six sides, the
chance that it lands on one of the sides (sucheafite”) is one out of six. In this diagram
(Enumerator: show dice picturghe red squares show the number of times thatigheould

land on “five”, and the white squares show the nandj times it would land on something else,
such as “one”, “two”, “three”, “four”, or “six”. lfyou rolled this die 1000 times, it would land on
“five” about 170 times on average. The more rashses that you see, the more likely it is that
an event will occur. Since, we see more red squard® coin flip diagram, we know that it is
more likely to get "chand " in a coin flip tharistto get five in a die throw.

54 (Enumerator show both cards side by sidé)ich is more likely in one throw—getting
“chand” in one coin flip or getting a “five” in orgie throw?

(D) respondent did give the correct answer
(2) respondent did not give correct answer
(-98) respondent did not know/not sure

(Enumerator: If respondent gets question wrong,"Bamember that the more red squares that
you see, the more likely an event will occur. Sitice coin picture has more red squares, it is
more likely an event will occur. Since the cointpie has more red squares, it is more likely to
get chand in a single coin flip than five in a $indie throw.")
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Section 5.2

Now let us consider the risk of death for your @hifor this example, we will consider the village
of Dighaldi. Pretend that Dighaldi has about 106Qgeholds. Assume that each household has
one child. Some children in Dighaldi will probalalie during the next five years. A few children
may die from disease, such as pneumonia, cholecanaer. Other children may die from
drowning accidents, homicides, or lightning strikégach of these 1000 squares represents one
child in Dighaldi, the 5 red squaréSnumerator: point to squaresjepresent the number of
children that we would expect to die from diseasly o the next 5 years. The 995 white squares
represent the number of children that we expedtnetl die from disease in the next 5 years.

Again, the causes of death from disease, the ne@fss, include cancer, heart disease, respiratory
disease, infections, diarrhea, and gastro-intdgdisaase. The number of children that die due to
accidents not related to disease are not shovhisipicture.(Enumerator : point to square

picture). Additional children may die from drownirtgomicide, and lightning strikes.

5.5  We have just covered an imaginary exampla falage like Dighaldi. How many
children (under 18 years) do you think live in yeillage?

D number of children
(-98) respondent did not know/not sure

5.6  Consider all the children in your village, hovany would you expect to die from disease
in the next 5 years?

(2) number of children
(-98) respondent did not know/not sure

Of course, we cannot know in advance which childvéidie in the next 5 years. Please assume
that your child’s risk of death is the same as thatiny other child in your village. The chance
that your child might die is about the same ascti@nce that your neighbor’s child might die
regardless of previous illnesses. Let's take ardthok at this picturgEnumerator: show risk-
of-death chart)If none of the squares were colored, you would kmgth certainty that your

child wouldnot die from disease in the next 5 years. Howeveghiltiren have a small risk of
getting sick and dying. Since only a few squaregltlor, we know that the chance that your
child might get sick and die in the next 5 yeamigh lower than the chance that you would get
“chand” in a single coin flip or roll a “five” witla single die throw. (Enumerator: compare death
risk picture to coin and die picture.)

5.7 Which is more likely, your child getting siakd dying in the next 5 years or throwing a
die one time and getting a “five”?

(1) respondent did give the correct answer
(2) respondent did not give correct answer
(-98) respondent did not know/not sure

(Enumerator: if answer is correct, proceed to sactb.3. If the answer is incorrect or person
does not know, please re-read Section 5.2. Aftmrskreading, ask question 5.8)
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5.8 Which is more likely, your child getting siakd dying in the next 5 years or throwing a
die one time and getting a “five”?

D respondent did give the correct answer

2) respondent did not give correct answer

(-98) respondent did not know/not sure
Section 5.3

(1 in 1,000 protection)

Imagine that doctors and scientists are working ontritional supplement that would help to
reduce your child’s risk of death from all diseagdthough this supplement would not prevent
your child from contracting diseases, it would htelpoost your child’s immune system. After
taking the supplement, your child will be more likto survive if he/she becomes sick with any
disease. The nutritional supplement would haveaste and no side effects. It could easily be
mixed into meals or drinks. The nutritional suppégrtwould generally not have any effect other
than reducing your child’s risk of death from disea

*This picture shows the decrease in risk of deaimfdisease for children who take the
supplement. If 1000 children took this supplementy four children, instead of five children
would die from disease. We see that 1 child woditdie, because the supplement helped to
protect him/her(Enumerator: point to the difference in the redaeps in the charts with and
without supplemenilhe supplement would not provide any protectiarcfoldren from
accident-related deaths, such as drowning. Wehseg¢hiere are fewer red squares, so we know
that it is less likely for children to die from dise if they take the supplement. (Enumerator:
please point to the differences in pictures beém after supplement). Please assume that taking
this supplement would give your child some protecfrom death from disease, but not full
protection.

(same as above for 3 in 1,000 protection)

Imagine that doctors and scientists are working ontritional supplement that would help to
reduce your child’s risk of death from all diseagdthough this supplement would not prevent
your child from contracting diseases, it would h@poost your child’s immune system. After
taking the supplement, your child will be more likto survive if he/she becomes sick with any
disease. The nutritional supplement would haveaste and no side effects. It could easily be
mixed into meals or drinks. The nutritional suppégrtwould generally not have any effect other
than reducing your child’s risk of death from disea

*This picture shows the decrease in risk of deaimfdisease for children who take the
supplement. If 12000 children took this supplementy two children, instead of five children
would die from disease. We see that 3 children doat die, because the supplement helped to
protect him/her(Enumerator: point to the difference in the reda®s in the charts with and
without supplemeniJhe supplement would not provide any protectiarcfoldren from
accident-related deaths, such as drowning. Wehseg¢hiere are fewer red squares, so we know
that it is less likely for children to die from dise if they take the supplement. (Enumerator:
please point to the differences in pictures beém after supplement). Please assume that taking
this supplement would give your child some protatfrom death from disease, but not full
protection.
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5.9

5.10

5.11

5.12

5.13

5.14

5.15

5.16

If your child takes the supplement, is helsle likely to accidentally drown?

(1) respondent did give the correct answer
(2) respondent did not give correct answer
(-98) respondent did not know/not sure

If your child takes the supplement, is helsbs likely to die from respiratory disease?

(1) respondent did give the correct answer
(2) respondent did not give correct answer
(-98) respondent did not know/not sure

If 1000 children take the supplement, how many festdldren would die from health-
related causes because they were protected bypbtement?

Number of children
(-98) respondent did not know/not sure

Enumerator:Did the respondent answer questio$5L0 and 5.11 correctly?
(1) respondent did give the correct ansysip to question 5.16)
(2) respondent did not give correct angease re-read the second
paragraph (*) of Section 5.3. After second readim@ceed to question 5.13)

If your child takes the
supplement, is he/she less likelsiccidentally drown?

(1) respondent did give the correct answer
(2) respondent did not give correct answer
(-98) respondent did not know/not sure

If your child takes the supplement, is helsks likely to die from respiratory disease?

(1) respondent did give the correct answer
(2 respondent did not give correct answer
(-98) respondent did not know/not sure

If 1000 children take the supplement, homyrfawer children would die from health-
related causes because they were protected bypbtement?

Number of children
(-98) respondent did not know/not sure

Do you have any questions or anything yownatelear about?
() Yes
2) No

If Yes, record the respondent’s questions

0]
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Enumerator: If you know the answer to the respotigdeuestions, please answer them truthfully
and briefly. If you are not sure you know the agrswlease tell the respondent that you are not
sure.]

Section 5.4

Suppose that the government will not supply the sepplement for free. Those who want the
supplement for their children would have to payxad price for it. Everyone would pay the same
price. Please imagine that the cholera vaccine iovead previously is no longer available. In
other words, if you said you would buy the choleexcine, please do not consider this as
limiting your budget.

Now I'd like to know whether you would buy the ritibnal supplement if it was available at a
specified price. Some people say they cannot atfoedprice of the supplement or that they do
not think that the benefit of the supplement istivdhe price. Other people say that they would
buy the supplement because the decrease in ridkaih for their children is really worth it to
them. Please try to think carefully about what ymuld actually do if you had to spend your
own money. There are no right or wrong answersré&sty want to know what you would do.

5.17 Suppose that this nutritional supplementsc¢Bk.10, Tk.20, Tk.50, Tk.100) for a one
month supply for one child. You would have to laugew supply each month to maintain
protection for your child. Would you buy this supplent for your youngest child?
(Spontaneous response; one response permitted

QD Yes (Skip to question 5.18)
2) No (Skip to question 5.19)
(-98) Don't know/not sure (Skip to quasbal9)

5.18 Now, suppose that this nutritional supplenoasts (Tk.20, Tk.40, Tk.100, Tk. 200) for a
one month supply for one child. You would havebtyy a new supply each month to
maintain protection for your child. Would you btlyis supplement for your youngest
child? Spontaneous response; one response pertitted

1) Yes (Skip to question 5.20)
2 No (Skip to question 5.21)
(-98) Don't know/not sure (Skip to quesb®21)
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5.19

5.20

521

5.22

Now, suppose that this nutritional suppleneests (Tk.5, Tk.10, Tk.25, Tk.50) for a one

month supply for one child. You would have to baiynew supply each month to
maintain protection for your child. Would you buyig supplement for your youngest
child? Spontaneous response; one response peritted

(1) Yes (Skip to question 5.20)
2 No (Skip to question 5.21)
(-98) Don't know/not sure (Skip to quesb®21)

What is the main reason that you would buysingplement? (Do not read choices;
record only the most important reason)

1) Supplement is useful for me becéuseyood for prevention and
safety (Skip to next section)

2) Price is reasonable, caoréiéasily (Skip to next section)

3 | think my child has ridkdisease-related death (Skip to next
section)

(-95) Otpes;ify (Skip to next section)

(-98) Don't know/not sure (Skip to nextiss)

What is the main reason that you would buysingplement? (Do not read choices;
record only the most important reason)

() No money

2) Too expensive

3) | would buy this supplement for chyid only if other people around
me took the supplement

(4) Do not think that my child will diethe next 5 years anyway

(5) Afraid that the supplement mighthesafe

(6) Do not think that the suppat can prevent death

(-95) otlspes;ify 0

(-98) Don't know/not sure

Would you take the supplement if it were adtefor free?

D Yes
(2) No
(-98) Don't know/not sure
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6: Socioeconomic questions

Enumerator: Please ask these questions in belble far the respondent, spouse, and adult and
child members of the household that earn incoifiehe respondent says “don’t know/not sure”
record (-98). If the respondent refuses to ansveerschot answer, record (-99)

List 6.1 6.2 6.3
What class of school did Occupation Earnings per
you complete or what month
degrees have you (Tk. Per month)
received?
Self
Spouse
Other 1 *kkkkkkk
Other 2 *kkkkkkk
Other 3 *kkkkkkk
Other 4 *kkkkkkk
Other 5 *kkkkkkk
Other 6 *kkkkkkk
Other 7 *kkkkkkk
Other 8 *kkkkkkk
Other 9 *kkkkkkk
Other lo *kkkkkkk
Other 11 *kkkkkkk
Other 12 *kkkkkkk
Other 13 *kkkkkkk
Other 14 *kkkkkkk
Other 15 *kkkkkkk
6.1 6.2
Education level Occupation List
1= Have never attendedl= Student 10= Street seller
school 2= Retired 11= Farmer
2=1to 5 years of 3= Housewife 12= Chowkider/Village
school 4= Unemployed Defense Party
3=6to 9 years of 5= Professional (Specify)13= Small business
school 14= Fisherman
4=10to 12 yearsof | 6= Unskilled office 15= Service worker (eg.
school worker driver, servant, cook, hotel
5= Vocational 7= Owner of business  or restaurant worker)
studies/college 8= Unskilled manual 16= Other (Specify)
diploma worker (Specify)
6= University/college
7= Post-graduate 9= Skilled manual worker
studies (Specify)
8= Professional course
9= Madrasha education
10=Informal education
11=Cthers (Specify)
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6.4 How much does your household earn per month?

Tk./month
(-98) Don’t know/not sure
(-99) No response

6.5 Can you read a newspap€i?no, record 3, if yes, probe to find out if thegn read a
newspaper easily, or with difficulty.)

Q) Yes, Easily
(2 Yes, with difficulty
3) No, cannot read a newspaper.

6.6 What is your religion?

D Muslim

)] Hindu

3 Christian

4 Buddhist

(-95) Other (Specify)

House Characteristics

6.7 Who owns this house?

1) Own (Go to 6.8)

(2) Rent (Goto 6.9)

3) Provided by employers (Go to 6.10)
(-95) Others specifsp to 6.10

6.8 What would someone expect to pay each montmitoa house like yours?

Tk. (Go to 6.10)
(-98) Don't know/not sure (Go to 6.10)
(-99) No response (Go to 6.10)

6.9 What is your monthly rent?

Tk./month
(-98) Don’t know/not sure
(-99) No response
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6.10 How many rooms does your house have (inafuitia kitchen)?

Number of Rooms
(-98) Don’t know/not sure

6.11  What is the main fuel used for cooking inlibese? Enumerator: Read resporse

D) Electricity

2 Gas/LPG

3 Firewood

4) Kerosene

(5) Charcoal

(6) Cow dung

@) Leaves

(-95) Others specify

(-98) Don’t know/not sure

Household Assets

6.12  Could you tell me whether or not someone ur ymusehold owns a(n) (category name)?

(yes)  (no)

Cot

Cabinet (Cupboard)
Table/dinning table
Wardrobe/showcase

Dressing table

Radio

Ceiling fan (mark (1) for 6.13)
Black and White TV (mark (1) for 6.13)
Color TV (mark (1) for 6.13)
Refrigerator, (mark (1) for 6.13)
Motor-cycle

Cycle

Engine boat/country-boat
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Electricity

6.13

6.14

6.15

Water

6.16

Does this household have electricity?

D Yes
2 No (Skip to Water section)

Did your household pay the entire electritity, or share the bill with anyone outside
your household?

D Household paid entire bill
2 Shared bill with someone else

How much was your household’s own eleityriaill last month? Or, if you share the bill,
how much was your share?

Household’s own share of electricitly (iRs.)

(-93) We pay no monthly charge for elediyici
(-94) Electricity is included in the rent

(-98) Don’t know/not sure

(-99) No response

What is the main source of drinking watethie house? Hnumerator Spontaneous
response; one response permitted

D Own shallow well

(2) Own hand pump

3 Shared hand pump

(4) Surface water

(5) Rain water

(6) Communal tap

) Communal well

(-95) Other (plepscify)
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6.17 Is water generally boiled before drinkingniimerator: read responges

() Always

(2) Sometimes

3) Never

(-95) __ Other (please specify)
(-98) Don’t know/not sure

6.18 Do you do anything else to the water to magkafer to drink?o not read list. Check all
answers that respondent mentions.

(1) Add bleach/chlorine

(2 Sieve it through cloth

3) Water filter (ceramic, sand, compgsite
(4) No other treatment

(-95) Otheplease specify

(-98) Don’t know

6.19 How do you store your water?

D) Overhead tank

(2) Barrels

3 Small Buckets and containers
(4) Metal/clay containers

(5) Do not store

(6) No need for Storage

(-95) Others (Specify)

(-98) Don’t know/not sure

6.20  What kind of toilet do the household membersally use? Enumerator: spontaneous

responses

() Go into the bush, river, lake or canal?
2) Public flush toilet

3) Sanitarylatrine

4) Open pit toilet/latrine

(5) Hanging latrine

(-95) Other (please specify)

6.21 Is the flush toilet/latrine shared or private? (€henly one answer)

(D) Private
(2 Shared
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Telephone
6.22  Does your household have a telephone or mphibne?

D) Yes
(2 No (Skip to “Health Behavior” section)

6.23. How much was your household’s last own maontillephone + mobile bill? Or, if you
share the bill, how much was your shak8k(only if respondent has land line)

Tk.
(-98) Don't know/not sure

Health Behavior

6.24  How often does your family eat food sold trget vendors?Enumerator: read

responses)

(1) Never/Rarely

(2 1-2Times per week
(3 3-5Times per week
(4 6 ormore times per week
(-98)__ Don’t know/not sure

6.25 In the last month, how much did your housglsplend on health care? (Treatment costs,
including pharmacy, purchase of medicine, hostas)

Tk.
(-98) Don’t know/not sure

Economic Status and Access to Credit

6.26  How would you classify the economic statugafr household relative to others in this
neighborhood?Enumerator: read responsges

() Much better than most people
2 Better than most people

3) About average

(4) Below average

5) Much worse than average
(-98)__ Don't know/not sure
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6.27

Over the next five years, how do you thinknfoousehold’s economic situation will

change?Enumerator: read responges

6.28

1) Certainly improve greatly
2) Probably improve somewhat
3) No change
4) Probably decline somewhat
(5) Certainly get much worse
(-98) Don’t Know / Not sure
Does anyone in your house have a bank actount
(1) Yes
2) No

(-98) Don’t Know / Not sure

6.29 How easy would it be to borrow Tk.100@h§merator: read responses)

6.30

6.31

@8} Very easy

2 Somewhat easy

3) Somewhat difficult

4) Very difficult

(5) Impossible (Skip to Next section)

(-98) Don’t Know/Not sure (Skip to Next seci

If you want to borrowTk.1000 and cannot baribfrom a family member, where would
you want to go to borrow it EQumerator: spontaneous response; only one answer

1) Relative/neighbor Neighbor/Friend

(2) Bank

3 Market money lender

4) Pawn shop

(-95) Other (please specify) [
(-98) Don’t Know / Not sure

If you borrowed Tk. 1000 from the place yountiened in 7.48, how many additional
Taka would you have to pay back after one month?

Tk. (additional)
(-98) Don't know/not sure
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[TIME TO THINK ONLY]
Section 7

7.1

7.2

7.3

7.4

7.5

How long did you spend discussing or thinkibgu the decision to buy these vaccines?

minutes

Did you discuss with anyone in your househbloua the choice to buy vaccines?

D Yes
(2 No $kip to question 7)5

Who did you discuss your decisions with inryeousehold?

List Check

Spouse

Other 1

Other 2

Other 3

Other 4

Other 5

Other 6

Other 7

Other 8

Other 9

Other 10

Other 11

Other 12

Other 13

Other 14

Other 15

How long did you spend in discussions with them

minutes

Did you discuss with anyone else outside youskhold?

() Yes
(2) No $kip to question 7.7)
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7.6

7.7

Who did you discuss with outside your househ@Record the relationship of the
person(s) to the respondent, open-ended question)

How difficult did you find it to make your demn? (Read all responses)

D Very difficult
2 Difficult

3) Easy

4) Very easy
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Section 8: "End" End of questionnaire

This is the end of the interview. Thank you vemyam for your participation. We’d like to stress

that it is necessary for you to protect yoursetinir contracting cholera and typhoid. The

objective of this survey is to learn about youriwgness to pay for cholera and typhoid vaccines
either for yourself or your household members. kéed to ask different households their
willingness to purchase at different prices. Thimp't worry if you hear that other people in

your community have been asked about purchasingatwnes at different prices.

Interviewer’s opinion

8.1 Time Finishrecord in 1.1GQ

8.2 How reliable do you think is the informatioougot from the respondent?

Q) Very reliable
2) Reliable

3) Fairly reliable
(4) Not reliable

(5) Very unreliable

8.3 Do you think the respondent understood allimuvaccine efficacy scenario?

1) Did not understand
2) Understood
(-98) Don’t know/not sure

8.4 Did the interview finish?

(2) Not completeMéke sure you check the option (6) in 1.0.)
(2) Yes, complet8kip to 8.6)

8.5 Were you able to make another appointmenhishfthe interview?

D Yes
2 No

8.6 Enumerator: Please note the type of flooring miater

(@D) Mud

(2) Cement

3) Mosaic[floor tiles]
(4) Brick

(-95) Others, Specify
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8.7

8.8

8.9

8.10

Enumerator: Please note the type of material usate Wall

(2) Thatch/ bamboos
(2) Mud

3) Corrugated tin
4) Plastic/polythene
(5) Brick

(6) Wood

(-95) Others, Specify

Enumerator: Please note the type of material usetié Roof

D Thatch/bamboo/wood etc.

(2) Plastic/polythene

3 Corrugated tin

(4) Concrete

(-95) Others, Specify L]
What type of house does the respondeniriixe

(2) Own homestead

(2) Government quarters

3) Single-family home in good condition

4) Flat/home shared by multiple families

5) Single-family home in poor condition

(-95) Others, specify L]

Other suggestions/ comments

L]
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Appendix 2. Private Demand for Cholera Vaccines in Rural Matlab, Bangldesh

Abstract

Objectives To estimate household willingness to pay (WTP)twlera vaccines in a rural area
of Bangladesh, which had participated in a 1985ahalera vaccine trial.

Methods An in-home contingent valuation study was undextein Matlab, Bangladesh in
summer 2005. All respondents £ 591) received a description of a cholera vactiiag was

50% effective for three years and had negligibiie siffects. Respondents were asked how many
vaccines they would purchase for their househotdradomly pre-assigned prices. Negative
binomial regression models were used to estimat@timber of vaccines purchased by each
household and to calculate average WTP.

ResultsOn average, respondents were willing to pay ab&#9.50 to purchase vaccines for all
members of their household (i.e. US$1.70 per v@}ciaverage WTP per person is US$2.40 for
young children (1 to 4 years), US$1.20 for schad-ehildren, and US$1.05 for adults. Median
WTP estimates are significantly smaller: US$1.Q0yfmung children, US$0.05 for
schoolchildren, and less than US$0 for adults.

ConclusionsThere is significant demand for cholera vaccindglatlab at low prices. Recent
herd protection research suggests that unvaccipatsons would also experience reduced

incidence via indirect effects at low coveragesate
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Private Demand for Cholera Vaccines in Rural Matlab, Bangladesh (gbliahed in Health
Policy)
1. Introduction

In many less developed countries, cholera remagasiaus public health problem. Most
cases are concentrated in the “cholera belts” astab and delta areas in the tropics, of which
Bangladesh is a classic example [1]. Incidencéhofera can be reduced through access to clean
drinking water and proper disposal of sewage. Hananfrastructure additions and
improvements are expensive and progress has tmenesipecially in rural areas. In Bangladesh
oral rehydration solution (ORS) has successfuliuoed the case fatality rate of cholera to less
than 1% [2, 3]. While the widespread use of ORSlinaited the risk of death in areas with
guality health care, it does not reduce the riskaritracting cholera upon exposure.

New-generation oral cholera vaccines were testdkithab, our research area, during
1985 and found to have protective efficacies ofraximately 50% over three years [4, 5].
Additionally, Ali et al. [6-7] reanalyzed the ddtam the Matlab trial and found reduced disease
incidence among unvaccinated individuals in logitvith high coverage (i.e. herd protection
effects).

Despite evidence of vaccine effectiveness, poliekens in Bangladesh reported that
they did not place a high priority on providing tdra vaccines, even in areas with high endemic
incidence rates [8]. The reasons for the lack @frest include 1) the success of ORS in reducing
cholera mortality, 2) a desire to spend limitecbteses on other interventions, 3) the limited

duration and effectiveness of cholera vaccineth&higher cost of cholera vaccines relative to
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others included in World Health Organization’s Exged Program on Immunization (EPI), and
5) the inability to administer the cholera vaccagepart of the existing EPI schedule.

Given the lack of public sector support for a cheleaccination program in Bangladesh,
a key issue in developing a successful vaccingtiogram is whether it can be financially
sustainable. Our research attempts to quantifyafeiwillingness to pay for cholera vaccines in a
highly endemic area, where free, high quality treait facilities already exist. This study
attempts to determine how much families are wiliagay for vaccines and how household
decision makers would allocate vaccines among yam@mbers. Because residents of the
Matlab area have previous experience with oralerolaccines, this area should offer useful
evidence of the private value of the cholera vaecin

Our research group surveyed a sample of 591 holaseinathe Matlab area, where
cholera is prevalent. In our in-home interview wtle representative of each household, we
presented a description of a hypothetical cholaine that was 50% effective for three years
and had negligible side effects; then, we askéuhif individual would be willing and able to
purchase the vaccine at a single specified pricagsigned from an array of six) for personal
immunization and for immunization of other househwlembers. This technique, known as the
contingent valuation method, permits measuremedéenfand for goods that are not widely
available or do not have markets; it has been frsgdently to measure the demand for vaccines

in developing countries [9-13], as well as for @amimental goods and services [14-16].

1.1 Background

Centered at the town of Matlab, the Matlab Healdséarch Centre study area lies some
55 km southwest of Dhaka and has a population pfcegimately 224,000 [17]. The International
Centre for Diarrhoeal Disease Research, Banglag€f)DR,B) operates a hospital in Matlab
town whose services include free treatment to amywith diarrhea. ICDDR,B also provides

basic health services to approximately 111,000 leeimpMatlab town and 67 outlying villages.
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Once a month, ICDDR,B’'s Health and Demographic 8illance System (HDSS) gathers
information from each person in the ICDDR,B senacea as well as from an additional 113,000
people in 75 other nearby villages who receive dbasalth care services from government
facilities>* ICDDR,B has collected this information for morarh35 years, and the sample frame
for the present study was generated from that da&b

From 1963 through 1996, ICDDR,B conducted a nurnalb&ealth intervention studies in
the area, many of which included the free provisibproducts aimed at improving the health of
participants. In addition to the 1985 cholera vaedrial, residents of the government service area
were included in 30 to 35 studies while residerithe ICDDR,B service area participated in 55
to 65 studies. These studies may have conditioregdle in the area to believe that public health
programs should be provided free of charge.

According to data from ICDDR,B’s hospital surveiliz records, the annual incidence of
cholera ranges from 1 to 5 cases per 1,000 perBesause not all cases arrive at the hospital
and some are misdiagnosed, the actual choleraeimoidrate is unquestionably higher;
epidemiological studies have estimated that thei@nincidence rate could be 4 to 20 cases per
1,000 persons in the Matlab area [18]. The mo&imaecords, from 2003, show that 62 people
among the HDSS population died from all diseaskese to diarrhea, including cholera,
corresponding to a mortality rate of 2.8 deathsli@e®00 persons [17]. Cholera transmission
occurs year-round and peaks during April-May anot&aber—October (i.e. just before and after
the summer monsoon [19]).

Using the Matlab area as an example, Sack [18] aoespthe cost effectiveness of
cholera treatment versus vaccination by perforrbiegk-even analyses of the cost per cholera
death avoided using different incidence rates audination costs. Sack estimated the treatment
cost per death avoided at about US$350 (based0foacase fatality rate without treatment

versus 0.5% with treatment). He reports that vamight be more cost effective per death

%The ICDDR,B hospital will provide free treatment fmyone that travels to the hospital, includinggle
that reside outside of the MHRC.
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avoided than the provision of free treatment if gagpita vaccine cost is less than US$1 and if
annual incidence exceeds 1 in 1,000. However gidysis ignores the disutility and financial
costs of illness prevented through vaccinationoAismay not be necessary to choose between
vaccination and treatment. Instead, we might agkessarginal benefits of adding vaccination
efforts to existing treatment programs.

Although cholera vaccines are not currently avééapeople in the Matlab area have had
experience with the new-generation oral vaccineaaocdmbined typhoid, paratyphoid A and B,
and cholera (TABC) vaccine that was administereihduhe 1950s and 1960s. ICDDR'B’s
1985 field trial administered two distinct oral ¢d@ vaccines and a placebo. The vaccination
program targeted children and mothers. More thab0&2people took three doses, approximately
27,000 took one or two doses, and about 31,000 alegent or refused to participate [5].

Ali et al. [6] used a GPS database in combinatidh waccine trial records to examine
herd immunity benefits for the first year after t@#85 Matlab trial. They found a significant
inverse monotonic relationship between local coyenrates and disease incidence in
unvaccinated persons. The raw data showed thawvatage rates greater than 50%, disease
incidence was about the same for vaccinated analcgimated persons and roughly 80% less than
the incidence for placebo recipients in areas @ithvaccination rates (i.e. less than 28%
coverage). These results also suggest that reseantiay have underestimated vaccine
effectiveness in previous evaluations of the Mattah. In a separate study, Ali et al. [7] found
significant herd protection effects for childresdehan 2 years of age who were not eligible for
the Matlab trial. The local coverage rate for worgesater than 15 years of age was a statistically
significant correlate for incidence among childkess than 2 years. However, the coverage rate
for children age 2-15 years was not statisticatipisicant.

People in the Matlab area also have access tonex:fiom EPI, which are distributed by
ICDDR,B’s community health workers once per mor][ The private market for vaccines in
the area is minimal, with only a few pharmacieMatlab town providing tetanus vaccines

(US$0.30-$1.34, Tk 20Tk 90) and rabies vaccin&$8.95-$6.40, Tk 400-Tk 430). This is
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based on a conversion rate of US$1 = 67.2 Bandgtade&a (1 August 2005). Unless otherwise
noted, we present price information and resul®0@5 US dollars using this exchange rate.
These numbers are, however, unadjusted for purahasiwer parity. Nationwide, Levin et al.
[20] report that the private sector only accountsabout 2% of vaccines delivered in

Bangladesh.

231



2. Materials and Methods
2.1 Sampling procedure

The survey respondents were chosen via a two-stagter sample without replacement
based on a household sample frame from ICDDR,B'SSdatabase. The first stage selected a
total of 3,000 households, each with at least dild &ss than 18 years of age. Two-thirds of
these households were located in the governmeviteearea, and one-third in the ICDDR,B
service area. We oversampled the government seaxéeebecause we believed that it might be
slightly more representative of rural Bangladesintthe ICDDR,B service area. This split also
allowed us to test for differences in demand betwssvice areas. The sample was then
subdivided into 120 clusters of 22 to 28 househladated within small geographic areas ranging
about 1-4 krhdepending on population density. This clustergduced travel time between
interviews.

In the second stage we randomly selected two $&£ dusters of households and
assigned one cluster from each set to each enwneénée required enumerators to interview the
mother or father of children in the household anéllot half their interviews to fathet$Only
two households refused to grant interviews. Howev@roved difficult to interview male
parents, because many reside and work outside #tlatharea. Nonetheless, we wanted to
obtain a fairly even gender split between malefanthle parents. As a result, we chose not to
interview 160 households where female parentsamdparents were available for interview, but
males were not. This approach may present somedviesd households for which males remain

in the Matlab area, but allows us to test for défeces in preferences for mothers and fathers.

¥We interviewed two respondents who were grandpsréecause the parents had died.
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2.2 Survey instrument

The survey instrument was approved by the Institati Review Boards at the University
of North Carolina at Chapel Hill and at ICDDR,B.€limstrument had six sections of questions
and is included as an appendix. The first sectoonded demographic information about the
respondent and members of the household. The ssectidn had questions regarding the
respondent’s perceptions of and experiences witlect The third section discussed how
cholera was contracted, spread, prevented, anedrggalso included questions about the
respondent’s previous experience with the oraleriachnd TABC vaccines. This section also
introduced the cholera vaccine contingent valuasienario, including descriptions of the
vaccine’s effectiveness and duration. Next, thpaadents’ understanding of the concept of
vaccine effectiveness was tested. The fourth gectimtained the valuation questions that were
used to estimate demand and willingness to pay (VdRE is described in Research Design,
below. The fifth section included questions to dwiae the value of a reduction in the risk of
death for the respondent’s youngest child [22]e $ixth section included socioeconomic
guestions about education, income, housing chaistiats, assets, disease-averting behaviors,
economic status, and access to credit.

Two sets of 60 pretest interviews helped us to dapsurvey to local conditions and to
set an appropriate range of prices for the hypmthletholera vaccine. We employed 20 local
enumerators to conduct the interviews. These eratorsrhad experience working on other
ICDDR,B public health studies, but had not admeristl contingent valuation surveys. They
received two weeks of training according to thedglines recommended in Whittington’s review

of CV practices in developing countries [16].

2.3 Research design
First, we explained that vaccine effectiveness bes®d on the joint probability of (1)

being exposed to iliness and (2) being protectethéywaccine. The explanation used a picture
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with 50 blue and 50 red figures representing persam would or would not be protected from
disease after vaccination. After educating abdetcéfeness, each respondent was presented
with a single price from an array of six randomégigned prices (US$0.15, $0.37, $0.74, $1.12,
$4.46, $8.93F and asked if he or she would be willing to payt irice for a vaccine for personal
immunization. Then, respondents were asked how macgines they would purchase for family
members and which family members would receivedhascines. Prior to the purchasing
decision, respondents were instructed to consisgr budget constraints and that there were no
right or wrong answers.

The interviews were staged such that respondents diided into two groups. NTTT
(no time to think) respondents received the emfirestionnaire in one sitting. TTT (time to think)
respondents answered the first half of the sutéey) were given overnight to consider the
prospective “purchase” of the hypothetical vacciaes to discuss the decision with other family

members; an interviewer returned the next daynistithe survey.

2.4 Modeling Strategy

Our household analysis is based on a model ofidaaisaking developed by Cropper et
al. [11]. It is assumed that the decision makerimees the household utility function, which is
a function of each family member’s consumption hedlth, subject to a household budget
constraint. Demand depends on nonwage incomefitesmf vaccines and other preventive and
mitigating health products, and a vector of indidtland household characteristits.

Count models are useful for examining householdadehibecause they employ integer
estimates for the number of vaccines purchaseddtly family. We used the negative binomial

model, which is a variation of the Poisson regassiodel. The dependent variable (number of

#Equivalent prices in Bangladeshi taka are Tk 10585 75, 300, 600.

*Note that we also analyzed data for individual desndut do not report results here in order to elase
the length of the article.

234



vaccines demanded) is a random draw from a nedaitiegnail distribution with a mead,
wherei denotes the household Mf is the solution to the maximization problem ami

household size, the model can be written as

Prlv =n]=(e*A")/n! wheren=1ton, (1)

where4; =€/* ¥ andX; is a vector of characteristics describing housthahdthe vaccine price
offered to that family. The term is an error with a gamma distribution. The numider
occurrences are distributed with mefmand variance; + o 4% wherea is the common
parameter of the gamma distributiithe coefficient estimates can be used to consaruct
demand curve for each respondent. The area undentheademand curve is the Marshallian
consumer surplus, which we define as householihgiiless to pay. The fraction covered can be

estimated by dividing the estimated number of vaesipurchased by the population size.

%A truncated Poisson model was also estimated ferdéita. This model avoids demand predictions that
exceed the number of household members for eagiomdent. Because WTP estimates are similar for
truncated Poisson and standard negative binomidemmpwe concluded that the negative binomial model
should be employed because it allows for overdgsper
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3. Results

Generally, respondents understood the choleramastienario and provided reasoned
answers to our valuation questions. Only 9 of @& i®spondents rejected our hypothetical
description of vaccines or vaccine effectiveneiseeibecause they believed that the vaccine
would not be effective or would have negative @ffects. These respondents were dropped from

further analysig®

3.1 Sample sociodemographic characteristics

The sociodemographic characteristics of the saimmlseholds are summarized in Table
1. About 37% of respondents are from the ICDDR Bise area, and their average age is about
40 years. Average household size is 5.8 persoclgding 0.1 infants less than one year old, 0.7
young children (1-5 years), 1.7 school-age childrénl7 years), 3.0 adults (18-65 years), and
0.2 elderly adults (66 years and up). The averagmuat of education was about 3.6 years, with
35% of the sample reporting that they never attésdbool. The average monthly household
income was about US$75, which corresponds to arageenonthly per capita income of US$13.
About 39% of respondents received electricity diyeitom a grid. A few other respondents had
installed solar panels or used large batteriesuseceonnections were not yet available in their

village. (Insert Table 1)

3.2 Water and sanitation behaviors

Respondents’ water and sanitation behaviors ategpin Table 2. The primary source
(85%) of drinking water for most respondents wasthgumps; most (60%) shared pumps with
their neighbors. Hand pumps have reduced diardisehse but have proved problematic because

of extensive, naturally occurring arsenic contarmeain the local groundwater aquifers. Nearly

#0verall, 90% of respondents reported that they wereld be “primarily involved” in the cholera vacei
purchase decision. By gender, 85% of female resgmsdand 95% of male respondents would be
involved. Thus, our sample should be representafiveusehold decision makers.

236



all households (92%) surveyed did not boil theinking water, though some did treat water with
bleach (5%), via sedimentation with alum (4%) othvilters made of cloth, ceramics, sand, or
composite material (7%47.The respondents primarily used improved pit, umbupd pit, and
hanging latrine® for waste removal, the latter two of which mayrpate increased prevalence

of pathogens in the environme(ihsert Table 2)

3.3 Previous experience with oral cholera or TABComes

In our survey 182 of 591 respondents had repogeeiving the oral cholera vaccine
during the 1985 trial. From respondents’ accoufthear household members’ experience with
vaccines, it appears that about 10% of respondetsheir household members had received
vaccines. (This is likely an underestimate, becaeispondents may not have been aware of
vaccines received by others.) Most respondents, @§86rted that they were satisfied with the
vaccines received by themselves and their familnbers. They thought that most of the
vaccinated persons in their households (72%, imututhemselves and other members) were still

protected by the vaccine.

3.4 Attitudes about cholera and vaccines

The variables thought to influence demand for ataoleccines are summarized in Table
2. About 37% of respondents reported that at le@stmember of their household had suffered
from cholera in the past; 6% reported a deatherfamily. Another 27% of respondents knew of
someone other than a household who had suffereddhmlera. The proportion of households

that had experienced a cholera death was morewlhesas high in the government service area,

39An unrelated arsenic health intervention promotesiuse of filters and sedimentation to reduce arsen
exposure.

““The improved pit latrines had cement floors anitisehlls, providing better privacy than unimprovgit

latrines. Unimproved pit latrines generally coreisbf a hole in the ground surrounded by walls n@fde
poor materials.
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possibly because ICDDR,B’s provision of health cand previous research studies have reduced
cholera-related deaths. More respondents belidnagdatholera is serious or very serious for
children (84%) than for adults (64%). Also, morspandents believed that their children would
be likely to contract cholera in the next five y&40%) than believed that they themselves
(20%) were at risk. Thus, it appears that respaisdesonsider cholera to be dangerous, especially
for children; however, most do not believe theskrdf contracting the disease is very high.

Most respondents understood our description ofimaceffectiveness. About 75%
correctly answered four questions designed toutedérstanding. With those who did not answer
correctly, we repeated the vaccine effectivenessri#ion, then repeated the test questions.
After this second round, the overall success e to about 93%: only some 7% of all
respondents were unable to answer the test questiorectly.

A majority (68%) believed that the most importaanhéfit of a cholera vaccine is to
prevent pain and suffering. Others (24%) cited @divngj the risk of death from cholera as most
important. Very few (8%) cited avoided treatmergtsar lost wages as the primary benefit of a
cholera vaccine. These answers suggest that ecorolyses that rely primarily on cost of

illness estimates would underestimate vaccine lisnef

3.5 Household demand

Table 3 shows the raw stated data for the averagédn of household members
vaccinated at each price. The average fractiomo$éhold members vaccinated decreases as the
price increases and for respondents given timeind.tWe found that many respondents (74%)
either decided to purchase vaccines for all famigmbers or for none of their family members.
Relatively fewer respondents (26%) chose to pueckiascines for some, but not all of their
family members(Insert Table 3)

Negative binomial regression results for the hoakktiemand model are summarized in

Table 4. Model 2 includes all possible covariatesije Model 1 only considers variables that are

238



unrelated to cholera and vaccine experience. Aeenggyginal effects, which reflect the change
in population average demand for a unit changesingle variable, are summarized in Table 5.
Price is highly significant and there is an averageginal decrease in stated demand of 0.58
vaccines per family for a price increase from US8$0o US$1. Generally, respondents residing
in the ICDDR,B service area and TTT respondente $iteat they would purchase fewer vaccines
for their families; average marginal decreasesiboeit 1.3 vaccines if given TTT and 0.7 for the
ICDDR,B service area. Male respondents and respasifi®m wealthier families purchase
significantly more vaccines; average marginal desriaoreases by 0.05 vaccines per US$1
increase in monthly per capita income. Average maftglemand decreases by 0.04 vaccines as
respondent age increases by one year. As expeesgandents with larger families are shown to
purchase more vaccines. This is true for all ages, although the coefficients for the number
of school-age children are smaller than those éoing children or adult§lnsert Tables 4-5)

Interestingly, we find that the number of vaccipeschased increases significantly for
respondents who believe that cholera is a serimesske for adults or who believe that adults are
likely to contract cholera. However, the coeffidefor these beliefs for children are smaller and
less significant. The average marginal increaskemand if respondents believed that cholera is
likely for adults is 1.2 compared to only 0.25 fioe same belief for children. This may occur if
parents are more risk averse about their childies&th than their own (i.e. they will purchase
vaccines for children even if they do not think theease is serious). Respondents that previously
received a cholera vaccine generally purchase wamenes for their families, unless they were
not satisfied with the first vaccine. We also fihdt respondents that treat their drinking water
generally purchase significantly more vaccines r@ye marginal effect is one vaccine),
indicating common preferences for risk avertingehédrs.

Each model’s estimated average WTP for vaccinatihigousehold members including
the respondent is shown at the bottom of Tablehé.dstimates of WTP are stable among both

model specifications and vary from US$9.00 for Tr€$pondents in the ICDDR,B service area to
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US$14.30 for NTTT respondents in the governmentisearea. Considering the average
household has 5.7 members, the average househdidp&fTperson varies from US$1.60 to
US$2.50 depending on location and method of suadeyinistration.

We can also use separate negative binomial maoekstimate vaccine demand for
discrete age groups. The dependent variable i§inedeo represent the demand for each age
group and separate models are estimated. The extimeaerage WTP per person for young
children age 1-5 years (US$2.40) is higher thaisé¢bool-age children age 5-17 years
(US$1.20) and adults (US$1.05). Figure 1 showstttepredicted fraction of young children
vaccinated is higher than that for the other agegs at any price. These findings suggest that
respondents place precedence on vaccinating yduluyen relative to older children and adults.

It is also useful to compare mean WTP estimatesadian WTP estimates. The median
WTP by age group corresponds to the price in Figuaewhich 50% of an age group population
is vaccinated. The median WTP is about US$1.09dang children, US$0.05 for school-age
children, and US$0 for adults. The fairly largefeliénces between mean and median WTP
estimates indicate that there is great heterogeimeW TP for cholera vaccines among
households. In other words, there is a large podithe population that is only willing to pay
small amounts of money if any for cholera vaccingsle there is also a small fraction of the
population with high WTP. Specifically, althougtetbstimated average adult WTP is US$1.05,
we predict that only about 25% of the adult popatatvould choose to buy vaccines at a price of

US$1.
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4. Discussion

The study reported here provides the first estimaterivate demand for cholera

vaccines in Matlab, an impoverished rural areaariddadesh where cholera is endemic

Because many respondents or their family membeticipated in the 1985 cholera vaccine
trial, they should be familiar with benefits of thaccine. They should also be aware that the
vaccine was not 100% effective. In addition, thespondents have had experience in
participating in other health surveys and shoultebs prone to yay-saying. Thus, this
sample is uniquely suited for valuing the vacclactors associated with vaccine demand
include age, income, gender, and opinions abouwdtierity and likelihood of contracting
cholera. Consistent with prior research in otheretlgping countries, we found that
hypothetical demand estimates were dependent otherh@spondents received time to think
about and discuss the purchasing decision. Thagiwowf time to think reduced average
household WTP by about 30%, resulting in a begnast of average household WTP of
about US$9-$10. We prefer the TTT estimates becsedeelieve the extra time and

discussion is more consistent with actual purclgpdetisions.

According to our model estimates, there is consiolerheterogeneity in demand. The
fraction of young children (age 1-5) vaccinated lddae higher than that of school-age
children or adults. In addition, the mean WTP penspn is much higher than the median for
all age groups. This indicates that some houselaolwiilling to purchase vaccines at very

high prices, while many have little demand eveveay low prices.

The ICDDR,B diarrhea hospital located at the ceoteur study site is nationally
renowned for excellence in providing free treatnfentholera and other diarrheal disease.
This may result in lower demand for cholera vacgiredative to other areas in rural
Bangladesh. In fact, we found that, on averageplpan the ICDDR,B service area

expressed less demand for cholera vaccines thaa thahe government service area. But
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our interviewees in the government service arddedswvithin only a moderate distance
(within 2.5 hours by traditional methods of trangation) of the ICDDR,B hospital, and
many had participated in prior ICDDR,B studies (thlo they probably participated in fewer
studies than those residing inside the ICDDR,Biserarea). As a result, our estimates from
the government service area are also likely aftebtel CDDR,B’s imprint. Other
communities in Bangladesh that experience higldemies in the absence of ICDDR,B

services may have higher willingness to pay.

While beyond the scope of this paper, our cholaccine demand models can be used in
combination with recent herd protection findingsio policy development. At present,
cholera vaccine herd protection models are not wetydefined. Ali et al. [6-7] provide only
five data points to show the coverage-incidencatiaiships for population clusters that are
either 0.5 km [6] or 2 km [7] in radius. In additicthe 1985 campaign targeted women and
children only; we do not know how adult male cogeraates would impact results. We are
not aware of more comprehensive cholera herd giotemodeling efforts, which might
examine how vaccination rates within subgroups @gg groups, gender, sanitation method)

affect herd protection.

Patel et al. [23] found that targeting influenzaciaes for school-children relative to
other age groups would result in proportionatebager herd protection for the community.
In contrast, Ali et al. [7] found that cholera vacoverage rates for women over 15 years
were more important than coverage rates amongrehilidr effecting herd protection in
children less than 2 years (who were excluded flmrMatlab campaign). As
epidemiological models for cholera vaccine herdgmtion become available, the demand
relationships (e.g. demand by age and gender) b this paper could help set vaccine
pricing if government and non-profit groups chooseto fully subsidize campaigns.

Demand, incidence and herd protection data coulasbd to examine tradeoffs between the
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number of cases avoided, public investment, angdheine price charged. In addition, we
could also examine the potential for cross-subsitieenhance herd protection effects. Our
findings suggest that households would place pertazion vaccinating young children;
however, the community might be better served iwritize women over 15 years based on

herd protection evidence.

With these reservations, we can see that a chede@ination program in the Matlab area
could possibly charge a small fee for cholera veesiand still achieve some herd protection.
Ali et al. [6] observed herd protection effectcaverage rates as low as 30% of the target
population and very large effects at coverage mteater than 50%. We predict that a
cholera vaccination program could achieve a 30%@me rate with a US$1.50 user fee and
a 50% coverage rate with a US$0.50 user fee. (thatethese coverage predictions are for
the whole population rather than the target popriads presented in [6-7].) If poorer
households are co-located with wealthier onesettsepotential for these poorer households
to experience a reduction in cholera incidence whealthier households purchase vaccines.
However, if the wealthy households that purchaseinas are geographically distant from
poor, high incidence neighborhoods, herd protedtitects will be less significant. Thus, we
have to evaluate the spatial patterns of demafdlyounderstand the potential for herd

protection.
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Tables

Table 1. Variable definitions and descriptiveistats (Respondent and household

characteristics)

Variable name Description Mean (SD)
(N =591)
Respondent characteristics
Male Gender =1 if male, = 0 if female 0.49 (0.50)
Age Age (yrs), continuous 40 (9.7)
Practice Hinduism Religion =1 if Hindu, 0 = else 0.06 (0.25)
=1 if respondent completed 1-5 years of
Education 1-5 years school 0.36(0.48)
Education 5-10 years, =1 if respondent completed 5-10 years of 0.18 (0.38)
vocational school, vocational school, or madrassa
Education more than 10 =1 if respondent completed university, 0.12 (0.32)
years postgraduate or professional course
=1 if respondent is not able to read a 0.53 (0.50)
Unable to read newspaper
Household characteristics
Infants number of infants (<1 year), continuous 0.12(0.34)
Young children number of children age 1-5, continuous 0.7 (0.72)
School-aged children number of children 6-17, continuous 1.7 (1.11)
Adults number of adults age 18-65, continuous 3.0 (1.45)
Elderly adults number of elderly adults age >65, continuous  0.20 (0.43)
Household income divided by number of 13.7 (11.5)
Monthly income per household members (US$ per month), a
capita continuous
Natural log of household income divided by 6.8 (0.7)

Log income per capita

number of household members, continuous

 The average household monthly income was US$75 (Tk. 5000).
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Table 2. Variable definition and descriptive stitis (Perceptions of disease, vaccine history and
characteristics of research design)

Variable name Description Mean (SD)

Risk behavior, perceptions of disease, vaccination history

Treat drinking water = 1if household treats wéberdrinking;  0.15 (0.36)

Someone in household =1 if someone in household has had 0.37 (0.48)
has had cholera cholera

Know person who has = 1 if knows someone outside hh who ha€).27 (0.50)
had cholera (outside hh) had cholera, but not some in hh

Cholera is very serious =1 if respondent believes cholera is (very).64 (0.48)

for adults serious for adults
Cholera is serious for 0.84 (0.50)
children =1 if cholera (very) serious for children

= 1 if respondent believes he or she is 0.20 (0.40)
Cholera likely for likely or very likely to contract cholerain ™ '
respondent next 5 years
Cholera likely for = 1 if respondent believes his or her child 0.40 (0.49)
respondent’s child will likely contract cholera in next 5 years
Believes cholera is =1 if respondent believes cholera is 0.20 (0.40)
common in community common in his or her community
Respondent believes =1 if respondent had oral cholera vaccin€).24 (0.43)

vaccine is still working  and believes that it is still effective

Respondent had cholera = 1 if respondent had oral cholera vaccingd.06 (0.25)
vaccine satisfied, not  was satisfied, but does not think vaccine
working still works

Respondent unsatisfied = 1 if respondent was not satisfied with  0.03 (0.16)
with vaccine previous vaccine for self or family member

Characteristics of research design

= 1 if given time to think overnight, =0

Time to think else 0.47 (0.50)
Health service area; = 1 if ICDDR,B, =0 if

ICDDR,B government 0.37 (0.48)
Referendum price (Bangladeshi Tk),

Price continuous 157 (198)
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Table 3. Household demand for vaccines (raw data)

Price US$ (Tk) $0.15 $0.37 $0.74 $1.10 $4.50 $9.0
(10) (25) (50) (75) (300) (600)

Household demand

NTTT Sample size 54 54 57 52 54 39
Avg. no.of vaccines per family 4.4 44 3.2 2.8 0.8 0.2
TTT Sample size 51 48 47 46 46 38
Avg. no. of vaccines per family 4.1 3.1 18 1.6 0.3 0.5
NTTT

% family members vaccinated 76% 75%60% 53% 16% 4%
TTT

% family members vaccinated 63% 53%31% 27% 4% 10%

& Number of vaccines purchased divided by numb@edons in household
Sample size was smaller for the highest price, it was only used to choke off
demand.
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Table 4. Household negative binomial regressionlt®and WTP estimates

Household Model

Model 1 2
Price (TK) —0.005***  —0.005***
(-6.5) (-13)
Time to think —0.38*** —0.44***
(-3.85) (-4.3)
Male 0.27*** 0.27**
(2.64) (2.4)
Resident from ICDDR,B service —0.18* —0.25**
area
(-1.78) (-2.1)
Age -0.008 —-0.009
(-1.40) (-1.4)
Education 1-5 yrs. 0.18 0.16
(1.48) (1.3)
Education 6-10 yrs. 0.28* 0.22
(2.92) (1.5)
Education >10 yrs. 0.12 0.14
(0.83) (0.81)
Log income per capita 0.37*** 0.39***
(4.43) (4.5)
No. of hh members
No. of infants < age 1 0.041 —-0.020
(0.29) (-0.14)
No. of children age 1-5 0.19%** 0.21***
(2.59) (2.8)
No. of children age 6-17 0.13%** 0.13***
(2.75) (2.7)
No. of adults age >18 0.17*** 0.17***
(5.32) (5.2)
Practice Hinduism 0.30 0.034
(0.17) (0.17)
Serious or very serious for children —0.26**
(-1.9)
Serious or very serious for adults 0.32%**
(3.0
Cholera likely for respondent 0.30**
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(2.2)

Cholera likely for children 0.079
(0.72)
Someone in hh has had cholera 0.023
(0.20)
Know someone other than hh member -0.13
that has had cholera (-1.0)
Resp had prior vaccine; was satisfied 0.050
and
thinks vaccine still works (0.42)
Resp had prior vaccine; was satisfied 0.33*
but
thinks vaccine no longer works a.7)
Resp. had prior vaccine; not satisfied -0.38
(-0.97)
Treats water 0.23*
(1.8)
Constant —1.8*** —1.9%**
(-2.9) (-2.8)
R 0.093 0.11
Estimated average WTP, NTTT 14.30 14.30
Govt. Service Area (US$)
Estimated average WTP, NTTT 12.30 12.30
ICDDR,B service area (US$)
Estimated Average WTP, TTT 10.00 10.00
govt. service area (US$)
Estimated Average WTP, TTT 9.00 9.00

ICDDR,B service area (US$)

* indicates significance at the 10% level
** at the 5% level
*** at the 1% level
T—statistic in parentheses
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Table 5. Average marginal effects for householdatigg binomial regression

Household Model

Variable (change in variable) Price = US$0.50 Price = US$1.00
Price (US$; 1 unit US$0.50) —0.58 (0.000) -0.48@0)
Time to think —-1.3 (0.000) —-1.1 (0.000)
Male 0.84 (.005) 0.71 (0.005)
Resident from ICDDR,B service —0.73 (0.068) —0.62 (0.068)
area

Age (yrs) —0.037 (0.048) —0.031 (0.050)
Education (category- 0, 1—5, 6—10, 0.29 (0.098) 0.25 (0.10)
>10)

Monthly income per capita (US$1 per 0.045 (0.000) 0.032 (0.000)
cap)

No. of infants < age 1 -0.12 (0.79) —0.10 (0.79)
No. of children age 1-5 0.58 (0.018) 0.49 (0.19)
No. of children age 6-17 0.39 (0.012) 0.33(0.11)
No. of adults age >18 0.55 (0.000) 0.47 (0.000)
Practice Hinduism —-0.07 (0.921) —0.06 (0.91)
Cholera likely for respondent 1.2 (0.023) 1.0 (B)2
Cholera likely for children 0.16 (0.66) 0.13 (0.66)
Someone in household has had 0.25 (0.49) 0.22 (0.49)
cholera

Unsatisfied with previous vaccine -1.2 (0.15) -D.45)
Treats water 0.99 (0.09) 0.84 (0.092)

(p-value in parentheses)
®As opposed to the educational dummy variables imstee negative binomial regression, an
education categorical variable is necessary foramemarginal effect analysis. The same
educational levels used are used to differentfaecategory variable, which increases from
lower to higher education (i.e. 1= no formal ediggt2= 1—5 years, 3= 6—10 years, 4=
greater than 10 years).
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Figures

Figure 1. Predicted coverage rates as a functigmicé by age group
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Appendix 3. An Estimate of the Economic Value that Parents in &al Bangladesh
Place onEx-ante Mortality Risk Reductions for their Children

November, 2008

Running title: Value of Children’s Mortality Riskd®uctions in Bangladesh
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Abstract
An Estimate of the Economic Value that Parents in Rural Bangidesh Place orEx-

ante Mortality Risk Reductions for their Children

Empirical estimates of parents’ willingness to (&§TP) to reduce mortality risk for
their children were derived from a contingent véiluasurvey of 591 parents in rural
Bangladesh. The interviewer introduced a hypothktiatritional supplement that would reduce
the risk of death from disease and asked if respaisdvould purchase it for their youngest child.
Average WTP for large reductions (20% to 60%) &k of death from disease was about 1-2% of
average household income, resulting in estimatéiseofalue of statistical life between

US$10,000 and US$25,000 for children between odesawenteen years.

Keywords: children, VSL, WTP, CV

256



Parents constantly make decisions that reveal dititindes toward health and mortality
risks for themselves and their children, includimyv to protect children from accidents in the
road or near water bodies or whether to purchasesptative health products. These decisions
involve trading off mortality and morbidity risksitly monetary expenditure (e.g., for a safety
helmet or a vaccine) and/or allocation of paretisé (e.g., transportation choice, amount of
direct child supervision). By observing these tdtie economists can estimate the economic
values that parents place on risk reductions fair tthildren.

Such estimates are useful for analyzing the benefitnany types of health and
environmental programs that aim to reduce mortaiigs. We postulate that health
improvements offer four principal economic benefily avoided direct medical treatment costs,
such as medicine and doctor fees, (2) avoideddataosts, such as lost productivity
(e.g., wages, school, housework) of patients aeid tlaretakers, (3) avoided disutility of the pain
and suffering of illness, and (4) reduced risk @tth. Many studies have estimated the direct and
indirect costs of illness per case (1 and 2) vigests with patients (Cookson et al. 1997; Bahl et
al. 2004; Cropper et al. 2004; Fischer et al. 200Bgse cost of illness estimates provide lower
bounds of the monetary benefits from disease remudBut this approach ignores the values
attached to reduced pain and suffering or mortaikty (3 and 4), which are especially difficult to
guantify. Ideally, mortality risk benefits could b@andardized across interventions for economic
analysis of public policy options.

Data from a contingent valuation (CV) survey wesedito estimate parents’ willingness
to pay (WTP) for mortality risk reductions for thehildren. Specifically, we compared an
estimate of the value of a generic mortality risluction (derived from responses to an offer of a
hypothetical nutritional supplement that would regluisk of death from all diseases) to the
implicit value of mortality risk reduction via a pgthetical cholera vaccine.

Our respondents, parents from 591 households iN#iab area of rural Bangladesh,

were individually interviewed during the summer2805. They were provided with information
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about the relative risks of death that childrethim community face, illustrated with pictures
showing the most likely causes of death for thédohin and their average risk of death.
Interviewers then asked whether respondents waulthpse a hypothetical nutritional
supplement that would reduce the risk of deatliHeryoungest child in the household if it were
available at a specified price. Their replies pded estimates of WTP for mortality risk
reduction for the households’ youngest childreasthdata were also used to calculate an average
value of statistical life (VSL) for children. A sered CV scenario for a new-generation cholera
vaccine (50% effective for 3 years) was also presgkto respondents in the same interview.
Although the vaccine valuation questions did ne¢aiy elicit mortality risk information from

the respondents, we used the average WTP for arehediccine in addition to expected cholera
mortality risk to calculate implicit VSL estimatés comparison with the nutritional supplement
scenario.

Our results show that parents are willing to speipdrtion of their income to reduce
mortality risk for their youngest child. Average \WTor the hypothetical supplement was about
US$1 to US$2 per month, 1% to 3% of average moritbiysehold income (US$75). Our best
VSL estimate is a range from US$10,000 to US$25,804 is based on large risk reductions
(20% or 60% of all disease-related risk of dedBgcause these estimates involve large changes
in risk, it is less likely that they are overstatethtive to estimates derived from smaller changes

The VSL estimates for the hypothetical nutritiosapplement were similar to the
implicit VSL estimates based on cholera vaccineatanOur results are also similar to a recent
VSL study for commuters in Delhi, India (BhattagrerAlberini, and Cropper 2007), but smaller
than those calculated via hedonic wage studiespeed in India (Simon et al. 1999;
Shanmugam 2000, 2001). Overall, our estimates ghyéall in line with other values in the

literature after adjusting for income.
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1. Background

The three methods commonly employed for estimatig include (1) hedonic wage or
compensated wage studies, (2) stated-preferenoeigees, and (3) averting-expenditure studies.
The literature includes examples of VSL estimatesfeach type of methodology that may be
compared to our results. The hedonic wage liteeaithe most widely implemented and
includes studies in some less developed counfrfesaverting-expenditure studies include some
estimates of parents’ valuations of risk reducfmntheir children, but there are few if any
studies available from less developed countrietimases from stated preference studies are
available for some less developed countries, boeigdly focus on adults and may introduce bias
if respondents misunderstood risk magnitudes oalre people did not actually pay for the
hypothetical risk intervention.

The average WTP per person divided by the magnitéidiek reduction per person is the
normalized value of a statistical life (VSL) ortittical life year (VSLY). Table 1 presents results
from illustrative hedonic wage, stated prefereace] averting expenditure studies, with special
emphasis on meta analyses, studies conducted éhogévg countries and of parents’ valuations
for reducing their children’s mortality risks. Wailable, we report the magnitude and type of risk
reduction considered, average or median annuakholgincome, as well as the ratio of VSL to
annual household income. The VSL to income ratigseful for identifying trends amongst high
and low income countries and for identifying outlstimates.

Generally, the highest VSL estimates (both in @alnd ratio) have been obtained from
hedonic wage studies. Thus far, few hedonic wade 38t&dies have focused on the developing
world, although there are estimates for India aanv@n. The Indian VSL estimates range from
US$150,000 in 1991 USD (Simon et al. 1999) to US#Bon in 1990 USD (Shanmugam 2001).
The VSL to income ratios for the Indian studiegeesally those by Shanmugam, are much
higher than most others in Table 1. Both Viscusi Aldy (2003) and Mrozek and Taylor (2002)

report VSL income elasticity estimates in the ranfje.45 to 0.6 based on a review of
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international studies. The estimates from Simaal.ednd Liu et al. are consistent with other work
after adjusting for income (this is not true of Bimgam’s studié§.
(Table 1 here)

Relative to the hedonic wage studies, the statefdéience VSL estimates tend to exhibit
more variation between and within studies, oftepeteling on the magnitude of risk reduction
presented in the hypothetical scenario. The NortleAcan and European scenarios from
Alberini et al. (2004) and Alberini, Hunt, and Maridya (2006) presented “general purpose”
scenarios in which the hypothetical product redutgdof death from all causes. In contrast to
the “general purpose” studies, with the exceptibMahmud (2005), the studies from less
developed countries were based on hypotheticalgtefinterventions that would reduce risk
from one or more specific causes of death. Whigeutbe of specific interventions (e.g., air
pollution, SARS, etc.) would provide a more re@istluation scenario (i.e. it is unlikely that
any intervention would reduce risk from all causiesultaneously), the risk for any single cause
is usually just a small fraction of the risk froth@auses. It is difficult to communicate smaller
magnitudes in risk, especially for populations Withited education. In addition, the use of
specific causes of death might have influencedtseguhose causes were dreaded, like cancer,
or somewhat avoidable, like traffic accidents (Smtanian and Cropper 2000). Thus, there is a
tradeoff between providing a more realistic scanaeirsus an easier to understand change in
mortality risk when choosing between general areti§is intervention scenarios.

The study by Mahmud (2005) is the only known stgteeference study for mortality risk
reductions in Bangladesh. The hypothetical intetisen(a series of vaccinations) reduced
respondents’ baseline risks of death from all caibgeeither 25% or 50%, which is a much larger

change in risk than for any other studies. In aoldjtthe scenario required an up-front payment

*IShanmugam (2001) extended the work in Shanmuga@®0j2y adjusting for individuals’ abilities to
select their jobs based on the assumption that seayehave unobserved attributes that allow themaxk
more efficiently in risky occupations. Using a difént econometric procedure, his VSL estimate aszd
about three-fold to US$3.0 million. This approachss US estimates and demonstrates the sensitifity
results to underlying model assumptions.
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for five years of protection, while other studigpitally used annual payment mechanisms. The
large changes in risk and up-front payment requergmprobably contributed to the very small
VSL estimates, US$1,300 to 2,500 in US$2003. Mals&L-to-annual-income ratios are
easily the smallest observed among those reportédhble 1.

Bhattacharya, Alberini, and Cropper (2007) estedatSL for commuters in Delhi, India
to reduce their risk of death from road trafficidents. As might be expected, they found that
people who traveled from home on a daily basisthadighest WTP for improved safety. They
estimated average VSL at about PPP$150,000 (US¥B0,Dhe ratio of VSL to average
household income (US$3,000) in Delhi is low relatio other studies, but within the general
range. Other estimates from Thailand (Vassanaduydemand Matsuoka 2005) and Taiwan
(Hammit and Liu 2004, Liu et al. 2005) generatectimhigher VSL estimates relative to annual
income. However, the VSL estimate based on reductigisk in SARS requires special
consideration, because the surveys were performedgdan epidemic.

Overall, the ratios of VSL to annual household meaend to be lower for the stated
preference studies relative to other methods, tlighexception of the SARS study. The ratios
also appear to be sensitive to the magnitude lofeduction; the use of smaller hypothetical risk
reductions typically result in larger VSL estimatéhin a given study. The only known stated
preference study that examined parents’ willingriegsy to reduce their children’s risks of
death is from the United States (Dickie and Gerld03; Dickie and Gerking 2008)However,
this work examines latent mortality risk. Thusjrstes are not comparable to other results in

Table 1.

*Dickie and Gerking estimated parents’ WTP for prtite sunscreen that would reduce morbidity and
mortality risks of skin cancer for themselves ameirtchildren. They found that parents were willtogpay
about twice as much to protect their children thamprotect themselves. They could not develop a VSL
estimate comparable to those above, because ofatbet nature of mortality risk from skin cancer,
especially for children. The results from this stdle similar to two studies that examine pareWt$P to
avoid an episode of illness for their children. Eiual. (2000) and Dickie and Messman (2004) botimd
that parents were willing to pay more for one cofithchildren to avoid an episode of illness than fo
themselves.
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Most estimates of parents’ WTP to reduce theirdehit’'s mortality risk come form the
averting behavior literature. These studies attethfit estimate parents’ willingness to purchase
of products that reduce their children’s risk oatte Blomquist (2004) summarized averting
behavior VSL estimates for the US market. The V&latinual-income ratios for these studies
were generally lower than the hedonic wage estsrsuenmarized in Viscusi and Aldy (2003).
However, the ratios from studies that accountedhferdisutility of time spent using safety
equipment or that made adjustments for perceivesbgeactual risk (e.g., (Blomquist, Miller, and
Levy 1996; Mount et al. 2001)) approach hedonicevegtimates. Although definitive
conclusions cannot be drawn from these few studiappears that VSL estimates for children
are similar in magnitude to those for adults. Utfpately, we are not aware of any studies

performed in less developed countries.

2. Study Site and Research Methods
2.1 Study area and mortality statistics

Centered on the town of Matlab, the study areasiese 55 km southwest of Dhaka and
has a population of approximately 224,000 ((ICDDRBY5). The International Centre for
Diarrhoeal Disease Research, Bangladesh (ICDDRyBjates a hospital in Matlab town whose
services include free treatment to anyone withrdés. ICDDR,B also provides basic health
services to approximately 111,000 people in Matitatn and 67 outlying villages. Once a
month, ICDDR,B’s Health and Demographic Surveilli®ystem (HDSS) gathers information
from each person in the ICDDR,B service area abagdirom an additional 113,000 people in 75
other nearby villages who receive basic health sareices from government facilities.

ICDDR,B has collected this information for morent&b years. Over the years, a number of
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health intervention studies have been conductédtimthe ICDDR,B and government service
areas”

The HDSS data includes annual mortality rates fouraber of causes by age group, as
summarized in Table 2 (ICDDRB 2002, 2003, 2004k most common causes of death differ by
age group. For children less than 1 year of agpinaory disease is the most likely cause of
death; next most common are diarrhea and nutritideféciency. For children age 1 to 4,
drowning is the most likely cause of death; nertdiarrhea and respiratory disease. Mortality
rates drop significantly for children age 5 to @ngerelative to younger children. Mortality rates
for children age 10 to 19 drop again by half rgkatio children age 5 to 9 and are six times less
than among children age 1 to 4 years. In compatstime United States, mortality rates in the
Matlab area are about 6.5 times greater for chiltkes than one year of age, about 14 times
greater for children age 1 to 4 years and abouméstgreater for children age 5 to 14 years
((NCHS) 2005). The mortality rates for older childrand young adults are similar for the two
countries.

(Table 2 here)

2.2 Field work and data collection
2.2.1 Sampling procedure

Survey respondents were chosen randomly from th8$8urveillance database via a
two-stage cluster sample without replacement. Teedtage selected a total of 3,000
households, each with at least one child less 1Bayears of age. Two-thirds of these households
were located in the government service area, aadtird in the ICDDR,B service area. The
sample list was subdivided into clusters of 228d@useholds located in small areas ranging

about 1 krito 4 knf depending on population density. In the secorgestee randomly selected

“3From 1963 through 1996, ICDDR,B conducted 30 ts®Bflies in the government service area and 55 to
65 studies in its own ICDDR,B service area. Manyhefse studies included the free provision of pet&lu
aimed at improving the health of participants.
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clusters of households and assigned one each toegators. Enumerators were instructed to
allot half their interviews to males and to redtiiterviews to the primary caretaker of the
children in the household, typically one of thequas®* The second stage sampling was
implemented twice to coincide with staging of theerviews. In total, 591 households granted
interviews and only two households refused. Anofl&r households were dropped because the

selected male parents lived and worked outsidegitlagie and were not available.

2.3 Survey instrument: overview

The survey instrument included two sets of questaesigned to accomplish two
separate research objectives. One set of questioestigated the value of a new-generation
cholera vaccine, as reported in Islam et al. (2008 other set assessed the respondent’s
willingness to pay (WTP) for a hypothetical nutriital supplement that would reduce the
mortality risk of the household’s youngest chilthrdughout the survey, the respondent was
asked questions to test comprehension of what eiag lsaid and to maintain interest in the
interview®

The survey instrument had seven sections of questiche first section recorded
demographic information about the respondent andhbees of the household. The second, third
and fourth sections dealt with perceptions of at@obind with the vaccine valuation scenario as
discussed in more detail by Islam et al. (2008jeAfeceiving information about cholera and
vaccines (50% effective for 3 years), responderteasked if they would purchase vaccines for
themselves and for their family members at a sipglee (preassigned to each respondent from

an array of six). The interview then proceededhypothetical nutritional supplement CV

“*Two respondents were the grandparents of children.

*We used two iterations of 60 pretest interviewhetp us to adapt our survey to local conditionghin
Matlab area and to set an appropriate range oéqrid/e employed 20 local enumerators to conduct the
interviews. They received two weeks of trainingarding to the guidelines recommended in Whittinggon
recent methodological review of CV practices ineleping countries (2002).
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scenario, our focus here (detailed belwY.he sixth section included socioeconomic question
about education, income, housing, assets, andsgismaerting behaviors. The seventh section

recorded the enumerator's assessment of the qoéalibe interview.

2.4 The survey instrument: mortality risk instractiand nutritional supplement scenario

The fifth section of the questionnaire informedo@sdents about children’s risk of death,
presented a hypothetical nutritional supplemerttwwauld reduce the risk, and elicited
respondents’ willingness to pay for such a suppierimeterms of its efficacy (two levels) and
price (from five possible sets of paired amourdthough the primary causes and numerical
risks of death are different for children youndwart 5 years compared to older children (Table
2), we used the same CV nutritional supplementasteffor all ages of children because of the
length and complexity of the survey instrument,digances traveled by interviewers to
respondents’ households, and other limitationsarkimg in rural areas. For respondents with
more than one child less than 18 years, the quesséivays referred to the youngest child.
Younger children were the focus because they @ea térgeted for vaccination and public health
campaigns.

The entire CV nutritional supplement scenario iailable from the authors. The first
objective of this section was for respondents twsier all possible risks of death for children
and the relative likelihood of each. Following Goet al. (2001), we presented a scale that
showed pictures of a number of different causefeath such that the most common causes
appeared at the top of the scale and the least caratrthe bottom (Figure A-1 of the survey).
Next, using techniques similar to Mahmud (20059, ¢humerator instructed the respondent about

probability using coin flips and die rolls as exde

“In the survey interviews, the set of cholera vaeajnestions was always presented prior to thetioumzi
supplement scenario. Thus it is possible that #oeme valuation scenario affected respondentsverss
to the mortality risk reduction scenario.
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Next, the enumerator introduced the notion of ayerésk of death for children in the
Matlab area. The respondent was asked to imaderge village in the Matlab area that had
1,000 children, then was told that about 5 childrahof 1,000 would be expected to die from
disease in the next 5 years (Figure A-2 of theey)r(This estimate was lower than the actual
risk for children less than 5 years old and highan the risk for older children.) The enumerator
further explained that the risks of death from dnowg and other accidents were not included in
this representation. To calculate perceived ristteaith from disease, the enumerator asked the
respondent to estimate how many children liveds$roh her own village and how many of those
children the respondent thought might die from asein the next 5 years. The enumerator
proceeded to relate the risk of death for childretime village to the risk of death for the
respondent’s own child and told the respondenssoime that all children in the village had the
same risk. To demonstrate that the likelihood efahild’s dying from disease was much smaller
than the chances of rolling a die or flipping ancéhe enumerator placed a grid showing 5 red
squares in 1,000 (Figure A-3 in the survey) nexitailar 1,000 square grids introduced for coin
flips and die rolls.

Next the enumerator introduced the hypotheticalitimtial supplement that would
reduce the child’s risk of death. Each respondecgived a randomly assigned scenario such that
the supplement reduced the child’s risk of deaimfdisease from 5 in 1,000 to either (a) 2 in
1,000 or (b) 4 in 1,000 over 5 ye&fS hese figures represent (a) a 60% reduction ana 20%
reduction in the child’s risk of death. Respondeviese shown another figure (Figure A-4 in the
survey) to visualize how the supplement would deseghe already small baseline risk for their
child. We chose to use large risk reductions insmenarios to improve respondent

comprehension and because large changes in rigkajerconservative VSL estimates. Most

*"Although we realized the challenge of explaining tiption of mathematical reduction in risk to our
respondents, we hoped that our visual presentationgd clearly show that the baseline risk of dea#s
quite small and that the hypothetical nutritionalpglement would reduce that small risk of death
significantly.
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other VSL studies use smaller risk reductions irab baselind® The magnitude of risk
reduction was post-corrected to an age-specificreduction prior to analysis. This was
accomplished by multiplying the percentage changésk by the baseline risk specific to a
particular age group. Before proceeding to theatadn questions, respondents received a short
“cheap talk” script to remind them of budget coastts and to dissuade them from trying to
please enumerators. These reminders have decnggsadying in other studies (Cummings and
Taylor 1999).

We chose a monthly payment mechanism because tditVatow average income and
because many respondents were farmers and dichnetdérge amounts of cash on hand. Thus,
the enumerator explained that the parent would teeedntinue buying the supplement every
month to maintain protection for the child. Respemd were not required to commit to a stream
of payments. They could choose to stop purchasiegupplement at any time. Each respondent
was asked if they would purchase the hypothetiggplement at a monthly price that was
randomly assigned from an array of five: US$0.1538, $0.75, $1.50, and $7.50. Next, the
respondent was asked if they would purchase agaifsgd follow-up price, which was either
higher or lower, depending upon whether the responagreed to the initial pri¢@.

Before the interviews began, respondents were @ividto two groups for the cholera
vaccine scenario. NTTT (no time to think) respondeaceived the entire questionnaire in one
sitting. TTT (time to think) respondents answetwelfirst half of the survey, then were given
overnight to consider and discuss the prospecpuechase” of the hypothetical vaccine; an
interviewer returned the next day to finish theveyr Because the VSL section was always
presented after the vaccine scenario, it alwaysroed in a single session—either in the single-

day NTTT interview, or in the return-visit portiaf the TTT interview. Several recent studies

“Mahmud (2005) also used a very large mortality reskuction for Bangladeshi adults.
““Equivalent prices in Bangladeshi taka (Tk) are Tk 25, 50, 75, 300, 600, where 1 US dollar = TR67.
in August 2005. These prices were not adjustegdiochasing power parity.
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have shown that TTT yields lower average WTP regithittington et al. 1992; Lauria et al.
1999; Cook et al. 2006). Although TTT consideratiarere not directly applied to the nutritional
supplement purchase decision, TTT would have alliorgepondents to carefully consider their

budget constraints prior to hearing the supplerseanario.

2.5 Modeling strategy

Theoretical approaches for modeling parents’ wiltiess to pay to reduce mortality risk
for children turn on whether parents value montaligk reductions for children due to altruistic
intentions, or paternalistic intentions. As Joneg-[(1991; 1992) explains, a purely altruistic
concern would optimally result in a direct wealtarisfer from giver(s) to receiver(s), who could
then freely choose to purchase an optimal levek&freduction without further involvement of
the giver. A purely paternalistic approach assutinasthe giver only values mortality risk
reduction for the receiver, being indifferent te fireferences of the receiver. Of course parents’
regards for children are somewhere between pungsatt and pure paternalism. Parents are
concerned about a variety of aspects of their cdild well-being besides their mortality risk.
However, parents’ interests in reducing their aleilds mortality risk is likely to be greater than
that of the children themselves, owing to childsdiack of experience with causes and risks of
death (Jones-Lee 1991; 1992; Cropper and Sussnga)>$9

For our analysis, we simplified Jones-Lee’s ugitdcision maker approach (1992) to
modeling familial WTP for a public good that reddarortality risk for all family members
simultaneously (as well as for the public at largieour model the household decision maker

decides whether to purchase a private good thaldweduce the mortality risk only for one

member of the family. Unlike Jones-Lee’s model, loypothetical nutritional supplement was a

*%An additional complication is introduced when comipg a mother’s and a father's separate valuations
for a mortality risk reduction for one of their ren. Some authors (e.g., Mount et al. 2001) have
developed game theoretic constructs to explore fpen@nts make joint decisions. Others (e.g., Cropper
al. 2004; Dickie and Gerking 2003) use a simplatam household model where a single decision-maker
optimally allocates resources among family members.
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private good that would only affect the survivablpability of the family member that used it,
(i.e. the youngest child). We assume that the decimaker maximizes the household utility
function, which includes the family’s consumptidreonumeraire good, the probability of
death for each af family members prior to the next periog))(and a vector of socioeconomic
characteristics of each family, The representative utility function is represerdas

U=uwrz,7,,.7,,X). (1)

We assume that the utility function is increasimgviand decreasing for eaef and that
the marginal willingness to trade off a decreaseuiment consumptiony, for a decrease ia,

can be obtained by simple differentiation. The rivaigrate of substitution between the
numeraire good and a one-month risk reduction fiermember can be considered as the VSL.

VSL = (0U /0x;)/(0U | ow)=0ow/ O, . (2)

This calculation assumes that VSL is constantroégss of the magnitude of mortality
risk reduction. Given the large mortality risk retlans (20% or 60% of total health-related
mortality risk) specified in our VSL scenario, aesults may be limited by this assumption.

Our econometric model is based on a stochastityutihctionv(h,y;X) + &p, withh =1
if the respondent wanted to purchase the suppleamtit = O if not. The other components are
household incomg and a vector of socioeconomic variab¥esxpected to influence preferences.
The stochastic term, is assumed to be independent and identicallyilliged. Similar to other
studies (Alberini 1995; Alberini, Boyle, and Wel2803), we found that answers to the follow-up
price question in our survey were influenced byspregation of the initial price, and suffered from
starting point bias issuéSAs a result, we only used the first price to matieldecision to

purchase. The probability that an offer was acckptericeA is

*IA bivariate normal model was used to jointly motte responses to the first and second prices. The
coefficients estimates for the two questions wéatistically different at the 1% level. We alsoiestted
interval models based on normal, lognormal, &veibull distributions. The Weibull distribution kefit

the data and provided average WTP estimates theg wary similar to those from the probit models.
(Median WTP estimates from the interval model waraller.)
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Priye9 =P V(L Y, — A: X)- V0, ¥; X)>& —€ |=F(-Av) = F(A,0).
3)
We used the probit model (Haab and McConnell 2@®2yaluate equation 4 such that

was assumed to be independent and identicallyhuigdd following a normal distribution with
mean zero and varianeg( e, ~ N (0,57) ). The parameter estimates from the probit regoessi

can be used to calculate expected WTP according to

EWTHX,, ) = (8,1 0) I(B,] o). ()

N n

where 3 is the coefficient estimate for the magnitudeisk reduction and3 , is the coefficient

for price.
As discussed in Islam et al. (2008), householdadehfor cholera vaccines was modeled
with negative binomial count models. Separate nwdetl WTP estimates were developed for

children age 1 to 4 years, children age 5 to 18syeend adults.

3. Results

Generally, respondents seemed to understand thigamatl supplement CV scenario and
provided reasoned answers. Only 13 of the 591 relgrds rejected our description of the
nutritional supplement as a vehicle for reducingtaliy risk. These respondents already
received nutrition supplements from the governnoenhought that their children were well fed.
A few did not believe that the supplement coulducedmortality risk in children. These
respondents were dropped from further analysisald excluded households in which the
youngest child was less than one year old. We wesere how parents would interpret the
scenario for children that were breastfed. Thelesask of death also decreases considerably
during the child’s first year; thus the averag& psesented to parents would have been much

different than the actual risk faced by their ingann addition, the cholera vaccine is not
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considered safe for children less than one yearftamcomparison to the cholera vaccine WTP
would be compromised. After excluding household$ whildren less one year old, the final

sample size was 532 households.

3.1 Sample sociodemographic characteristics

The sociodemographic characteristics of the samplseholds are summarized in Table
3. Slightly over one-third of respondents (37%)evieom the ICDDR,B service area, and about
half were male. Average household size was ab8ytérsons, including on average 0.1 infants
less than one year old, 0.7 young children (1yeds), and 1.7 school-age children (6 to17
years). Average respondent age was about 40 yeduth@ youngest child was 7 years old; about
45% of the children were less than 5 years of @be.gender split for the youngest child was
almost even, with slightly more males than femal@s. average, respondents had about 3.6 years
of education; about 35% of the sample reportedttiegt had never attended school. Average
monthly household income was about US$75 and médiame was US$60.The average risk
reduction presented to respondents was about B0 ger year.

(Table 3 here)

3.2 Respondents’ understanding of nutritional sappnt CV scenario

Respondents generally seemed to understand thatcmumses of death were more likely
than others. When asked to identify the most comoawrse of death for children in their village,
about 98% pointed to one of the four highest calistes] in the HDSS surveillance report
(respiratory disease, drowning, diarrheal diseasmalnutrition). A majority of respondents

(72%) correctly chose lightning strikes as thetieasmmon cause presented in the figure. When

*2The following variables are significantly correldtat the 5% level. Older children are correlatethwi
older respondents and lower education levels. Qlegyondents are correlated with lower educatmmet
income, being male, and larger households. Incantéghly correlated with education. Male respondent
have lower income. Households with more schooldtjelren have lower income per capita. Respondents
with more education and younger children are mikedyl to treat their water.
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respondents were asked to place risk of death ¢tortera within the scale of other causes, more
than half (51%) believed that risk of death frorolelna was most similar in magnitude to risk of
death from one of the two most frequent causegpifedsry disease or drowning). However, the
actual risk of death from cholera is much smaheantthat; we assumed that 15% of all diarrheal
deaths are due to choléfalhis apparent overestimation of the risk of déaim cholera may
have resulted in overstated WTP for cholera vascine

Our respondents provided estimates of the numbehitdren that lived in their village
(mean 2,300, SD 22,000) and then estimated how mégityt die from disease in the next 5 years
(mean 62, SD 500). Many respondents (22%) werelealanswer one or both of the questions,
despite encouragement to venture a “best gues®.nfédian estimated risk of death based on
these answers was 10 in 1,000, which is about 2igffteh than the actual risk of death from
disease for children age 1 to 4 years and abouo4tiQher than the risk of death from disease
for older children (See Table Z)We discovered than another 40% of the respondeptsted
that there were 500 or less children in their gdlaThese small estimates of the child population
would limit the resolution in respondents’ estinsalbe@cause the expected number of children that
would die was always an integer.

Most respondents correctly answered questions mkssitp test comprehension of our
explanations of probability and risk of death. Baeries of three questions regarding whether the
supplement was effective for reducing the riskedttl from respiratory disease (yes) and from
drowning (no) and the risk reduction effected by skipplement (either 1 or 3 in 1,000 over 5

years depending on the scenario); 65% answerdara#t correctly on the first try, and a total of

**This is based on the percentage of diarrhea patieith cholera-positive stool samples treated at th
Matlab hospital. The actual relative risk of defitim cholera varies by village, but should fall néae
middle of the scale.

*Note that all answers were made in whole numbedstaat some respondents reported a small number of
children in the village. Thus, these estimatessaraewhat imprecise.
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87% had succeeded after a second try. These fimdinggest that respondents were well

instructec?®

3.3 Willingness to pay for a nutritional supplement
3.3.1 Raw data

The raw data for the proportion of respondents whie willing to “purchase” the
hypothetical supplement for the household’s youhgdeitd at the initial preassigned price are
shown in Table 4. The variation in baseline riskleath from disease varied from 0.4 deaths per
1,000 children older than 10 years to 2.1 deathsiuren between 1 and 3 years of age. The
effective risk reduction is the baseline risk foattage group multiplied by the percentage risk
reduction that was randomly assigned. Generalgywitlingness to purchase is greater for lower
prices and for larger effective risk reductionstWéight different effective risk reduction values,
the sample size for each risk reduction-priceiselery small. As a result, there would appear to
be some kinks in the demand curve; however, thiss@pear when results are averaged over
larger sample sizes.

(Table 4 here)

It is easier to visualize trends by combining théae into large risk reduction and small
risk reduction subgroups. Figure 1 shows the exgeftaction of the population that would
purchase the hypothetical supplement as a funofipnice for these two subgroups. The first
subgroup consists of respondents for which thergelaction was greater than 4 x“and the
second group consists of respondents with an aféexdsk reduction smaller than that. This
figure shows that there distribution of WTP for thege risk reduction may have a large tail, and

that a small fraction of the population has a wWafyP for mortality risk reduction. The tail

*Communication of low probability risk is problenain most settings, even in industrialized coustrie
Alberini et al. (2004a) report that 16% of respamddrom the United States and 7% from Canadadstate
they poorly understood the probability descriptididberini et al. (2004b) report that 11% to 22% of
respondents incorrectly answered a question designist understanding.
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appears to be much smaller for the lower effeaislereduction. Although stated demand is
greater for the group that received the largermasiuction, the difference in demand is smaller
than would be expected if WTP were linearly comeddawith risk reduction magnitude.

(Figure 1 here)

Nonparametric Turnbull lower-bound estimators (Haatd McConnell 2002), can be
calculated based on the raw demand reported irealdThe average WTP per month varied
between US$0.6 and US$3, and generally decreasbe affective risk reduction decreased. It
should be noted that these estimates are verytisertsi uptake at the highest price. Given the
small sample sizes associated with each cell,ghesaffirmative response to the highest price
will have a large impact on the Turnbull estimafidrese Turnbull estimates can also be used to
calculate VSL for each subgroup by dividing therage monthly WTP by the annual risk
reduction (after adjusting units appropriately)otigh WTP estimates are generally greater for
larger risk reductions, VSL estimates are greatettfe smaller risk reduction scenarios. This
suggests that WTP was not linearly related to gizesk reduction. Although these estimates
serve as a starting point for analysis, their acyrs limited by the small sample sizes used per
cell.

Next, we examine the most common reasons thatmespts gave for not purchasing the
supplement at either the initial or the follow-uficp. These reasons included (1) no money
available to make the purchase (61%) and (2) sit®o expensive (30%). The most common
reasons that respondents gave for purchasing gpesnent included (1) supplement is good for
prevention of death (91%) and (2) believe thatdchés a risk of death (4%). These results

suggest that respondents generally understooctémaso and gave thoughtful answers.

3.3.2 Multivariate analysis
Coefficient estimates and cluster corrected stahdaprs from three multivariate probit

models are shown in Table 5. Table 6 shows theimarghanges in the probability of purchase
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for a 1-unit change in each variable after aveiggiver the sample. Because child age is directly
correlated with respondent age (i.e. older respatsdgave older children), respondent age was
strongly correlated with the estimated risk redut@nd omitted from Model 1 to avoid
endogeneity problems. The first model omits thepially endogenous variable for water
treatment. The second and third models includexkas for water treatment and respondent age,
and allow for comparison between continuous andrmyvariables for income and respondent
age.

Consistent with the raw data results, the anatgsiealed that price was strongly
correlated with the decision to purchase the supgie. As shown in Table 6, the probability of
purchase decreased by about 5% for a US$0.50 geiegrice. The effective risk reduction was
also significantly correlated with the decisiomtarchase the supplement. The marginal
probability of purchase would increase by aboutiP8te risk reduction were to be increased by
1/10,000 per year. When respondent age is addbe tmodel, the coefficient for effective risk
reduction becomes smaller but remains significEimé. coefficient for respondent age was of
marginal significance in Models 2 and 3. This sugg¢hat older parents would be less likely to
purchase the supplement; however, this finding beagn artifact of the collinearity between
respondent age and effective risk reduction. Tleeipted marginal decrease in probability is
about 0.5% per additional year of respondent agdout 10% if all respondents were older than
55 years.

(Tables 5 and 6 here)

The coefficients for male respondents were contlistpositive and the average
marginal effect (4-7%) was quite large; howeveesthfindings were not significant at the 10%
level. There was no difference in demand amongoredgnts living inside versus outside the
ICDDR,B service area. All models showed that resieoits with more education and higher

income were significantly more likely to purchake supplement. Average marginal probability
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of purchase increased by about 10% for a one-catéggrease in education compared to 5%
increase for a one-income-quartile incredse.

Respondents who were given time to think (TTT) oightt about the hypothetical
cholera vaccine had significantly lower stated WdiPthe hypothetical nutritional supplement,
possibly because they had more time to consideydiady constraints prior to approaching the
supplement section of the interview. Giving respamid TTT produced a 16% average marginal
decrease in the probability of agreeing to purchiasédypothetical supplement. The coefficient
estimate for male children was positive for aletamodels, but of borderline significance. The
average marginal increase in probability of purehasuld be about 7% if the entire sample had
male children.

Respondents’ estimates of baseline risk of deatbHitdren in their villages were not
included in the multivariate analysis because soymaspondents were unable to provide
estimates. In addition, we learned that responelgtithates of mortality risk were compromised
by the way the question was presented as discusS=ttion 3.2. As a result, we decided to
focus exclusively on the actual risk reductionsthby children.

Average willingness to pay for a nutritional suppént was estimated from the
parameter estimates for the first probit model. pbpulation average WTP for the supplement
was about US$1.50 per month for all three modéiss &stimate is within the range of Turnbull
estimates presented in Table 4. The probit estimats average across all age groups and
effective risk reduction scenarios. Thus, the grebiimate is not directly comparable to any of
the Turnbull estimates presented in Table, butlghfall within the range of estimates.

Approximate VSL estimates can be calculated byditigi the coefficient for risk

reduction by the price coefficient. Although theeage WTP per month was constant across

**For marginal effects, we had to estimate a modgl¢bmbined dummy categorical variables into alsing
ordered categorical variable for income quartiled education categories.
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models, VSL estimates varied from US$16,000 to 2382 because the coefficient for risk
reduction varied across the model specificatioqedding on whether respondent age was
included and how respondent age was specified.

These VSL estimates represent the average traoetwieen mortality risk reduction and
price in the demand equation. As demonstrated loheT4, it is likely that WTP for a nutritional
supplement would not be a linearly function of thagnitude of risk reduction. Rather, VSL
estimates depend on the magnitude of risk redugtiesented. We believe this is generally the
case for this population. Thus, parents appeae tmdxe willing to purchase the supplement for
younger children that face greater baseline rigkieath. However, they are still willing to
purchase the product for older children with muctaker risks of death as long as the price is

reasonable.

3.4 Comparison to implicit VSL from the choleraciae willingness to pay

We were also able to compare our nutritional suppl& VSL results with implicit VSL
estimates developed from the cholera vaccine sicerfes reported in Islam et al. (2008),
analysis of negative binomial household demand tsageealed that male respondents, high-
income respondents, and respondents residing igavernment service area had the highest
demand for cholera vaccines. Results also shovadjiving respondents time to think about the
purchasing decision reduced demand considerablgralyge WTP per vaccine was highest for
young children (US$2.40 to $3.80), followed by sakage children (US$1.20 to $2.30), then
adults (US$1.05 to $1.60).

Because the ICDDR,B diarrhea hospital provides tiregment for cholera patients, the
patients’ex anteprivate costs of illness (COI) for cholera areyew. From a coinciding study
of cholera disease burden we estimated that ammziedénces of cholera were about 1.3 cases per
1,000 children less than 5 years old and about&sés per 1,000 children age 5 to 17 years.

Private COI per case was about US$7 for childres flkan 17 years old. These correspond to
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annualex anteprivate cholera COI estimates of US$0.010 fordrkih less than 5 years old and
US$0.004 for children age 5 to 17 years. Tleusanteprivate COI estimates are much smaller
than estimated average WTP per vaccine. We postillat stated WTP for cholera vaccines is
primarily due to the avoided risk of death and dedirisk of pain and sufferindGiven our
assumption that cholera caused 15% of the deattrsdiarrhea reported in Table 2, the
estimated mortality risk reduction from a 50% efiifiees 3-year cholera vaccine would be about
1.0 x 10" for children age 1 to 4 years and 8.4 ¥ 1@ older children. The resulting implicit
VSL estimates were about US$28,000 to $37,000danger children and US$170,000 to
$230,000 for older children.

The implicit VSL for younger children is quite siiani to the estimate for the nutritional
supplement. This might seem surprising, as the eambdeaths due to cholera comprise a
relatively small fraction of the total number ofildrdeaths in the Matlab area. However, the
valuation scenario for the cholera vaccine requatredp-front payment of the entire cost of the
vaccine, which was then effective for 3 years. Assllt, the total mortality risk reduction from a
one-month supply of the nutritional supplemeninsilar to the protection provided by the
cholera vaccine over a 3 year period (i.e. theafstteath from cholera was about 1/36 of the
total risk of death from disease for young childrérne implicit cholera VSL estimate for older
children was much larger than that for the nutnidlosupplement. When considering the vaccine
purchase decision for older children, parents miigive overestimated the risk of death. Parents
may also have been concerned about mitigatingdtenpal pain and suffering that their older
children might endure as a result of becomindsililar to the nutritional supplement results, we
find that parents are less willing to purchase waefor older children (i.e. WTP is lower);

however, parents would still purchase the vaccireeraasonable price for their older children.

" One of the questions in the survey asked respasmderidentify the most important benefit of chaler
vaccine. Most respondents believed that the mopbitant benefit of a cholera vaccine was to prevent
either pain and suffering or risk of death (24%#@ryfew (8%) cited avoided treatment costs or \eesges

as the primary benefit.
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After adjusting for the difference in mortality kigshe VSL estimate for older children would
appear to be larger, but the estimate should bsidered independently from the magnitude of

risk reduction.

4. Conclusions

The results of this study are unique in three aspé€r) they provide an estimate of VSL
from a very low-income rural area in a developingrary; (2) they provide one of the first
estimates of parental WTP for reducing risk of ddat a child (the youngest in the household),
and (3) they provide a comparison of the value wioatality risk reduction from a generic risk-
reduction product (a hypothetical nutritional sugspént) with the value of mortality risk
reduction from a specific intervention (a hypotbaticholera vaccine). Our results show that
parents are willing to spend about US$1 to US$2pamth, which was 1% to 3% of average
monthly income (US$75). These results correspondSto estimates of about US$10,000 to
US$25,000 for children age one to seventeen y@&svould generally expect WTP to be
greater for younger children, but VSL estimatebedarger for older children because the
difference in WTP is not large enough to offsetrivech smaller baseline mortality risk faced by
older children. This finding appears to be consiséeross the nutritional supplement and cholera
vaccine scenarios and is also consistent withititgrigs of other studies that calculate VSL
based on variable risk levels (see Table 1).

We do not claim that respondents had full comprsioenof the mathematical risk of
death discussed in our scenario. Given the widaddeek of education among our respondents,
we did not think it was possible to provide in-deptstruction in probability theory in the context
of a short, in-person interview. Rather, we warttednutritional supplement scenario to (1)
encourage respondents to consider the differersesanf death for children that are common in

their immediate neighborhoods, (2) convey thatdrhit’s baseline risk of death was small
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relative to other random events (such as coin @ipdie rolls) and (3) present a hypothetical
nutritional supplement that would reduce the alyesdall risk significantly.

The baseline risk of death for children varied by &ge of the youngest child, but
logistical concerns prevented our interviewers frasenting respondents with baseline
mortality risks specific to the child of intere$tus, all respondents received the same
description with a baseline risk that was averagdss age groups. The magnitude of effective
risk reduction was then post-corrected for the rhedeémation. This approach was not ideal and
we concede that we could have achieved bettertsabthe baseline risk presented to
respondents varied with the age of the youngekl.chi

Despite this limitation, we believe that our VSltiestes are useful for three reasons.
First, our estimates were based a large decredmesaline risk. This makes it less likely that they
are overstated than if we had used small percenéalyetions. Unless parents grossly
overestimated their children’s risk of death, asuits should be fairly accurate as long as
parents understood the visual depiction of thegreege risk reduction.

Second, our study population was unique in a nurobaspects. We believe that because
our study involved adults accustomed to particiggain local public health surveys (ICDDR,B’s
systematic efforts over several decades), resptsmdenuld be less likely to engage in yea-saying
to please our interviewers. This impression wasfoeted by highly significant income,
education, and price effects on demand, which irtipdy respondents considered their budget
constraints carefully. In addition, we had very gatata on the numerical risk of death for
children in the community and the primary causedeath.

Third, the VSL estimates for the hypothetical ridrial supplement were similar to
implicit VSL estimates for a WTP study of cholewcueines involving the same population in a
separate component of the survey. We can alsolatdhe ratio of our VSL estimates to
respondent income for comparison with the studiesgnted in Table 1. Our ratio varies from 10

to 30. This range is smaller than those calculeizthedonic wage studies performed in India
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(Simon et al. 1999; Shanmugam 2000, 2001), butaina findings from a stated preference
study performed in India (Bhattacharya et al. 20@&)erall, the ratios fall in the lower range of
studies presented in Table 1.

In conclusion, as scientists aim to increase timebau of vaccines and other health
interventions available for children in developo@untries, public health providers with limited
budgets will be forced to make difficult decisiaegarding the needs of their population. The
results present in this paper should help thensagbe tradeoffs between the cost and mortality
risk reductions of different interventions. It aldemonstrates that parents are willing to devote a
portion of their limited incomes to interventiomat improve their children’s health. Thus, the
implementation of private user fees may help toease the ability of public health systems to

provide new interventions and to broaden the imtetion choice sets of households.
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Table 1. Summary of relevant literature for VSL hednic wage and stated preference studies

Researcher

Location, date, and data source

Average risk

Average annual

VSL estimate

VSL to annual

(10°) wage (US$) (US$) wage ratio ($/$)

Hedonic Wage Studi

Viscusi and Aldy 2003 US subsample, 2000 01-2 30,000 7 million 230
Summary of studiés

Liu et al. 1997 Taiwan, 1982-1986 2.25-3.82 4,16(0100 135,000 - 600,000 33-130
Taiwan Labor Force Survey

Simon et al. 1999 India, 1985-1991 1.5 1,150 130;0860,000 130 - 310
Occupational Wage Survey and
Annual Survey of Industry

Shanmugam 2000 Madras, India, 1987-1990 1.0 600 5 Ql7million 1,250 - 1,700
Survey of blue-collar workers

Shanmugam 2001 Madras, India ,1987-1990 1.0 600 illidm 5,000
Survey of blue-collar workers

Averting Behavior Studi

Blomquist 2004 US subsample, 2000 Not reported (80,0 1.7 - 7 million 60 - 240
Summary of studiés

Mount et al. 2001 US hedonic study of 1997 vehicle 7 - 50 34,000 3.4 - 6.4 million 100 - 190
fatality rates and costs (adults)

Mount et al. 2001 US hedonic study of 1997 vehicle 7 - 50 34,000 2.6 - 7.7 million 75 - 230
fatality rates and costs (children)

Blomquist et al. 1996 Adult car seat belt use 5 ,0Q2 1.7 - 2.8 million 75-130
with time and disutility costs, 1983

Blomquist et al. 1996 Child seat use (under 5 yehege) 10 22,000 2.3 - 3.7 million 100 - 160
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Researcher Location, date, and data source Average risk Average annual VSL estimate  VSL to annual
(10°) wage (US$) (US$) wage ratio ($/$)

with time and disutility costs, 1983

Carlin and Sandy 1991 US, 1985 IN survey of chdd c 10 23,000 430,000 - 550,000 19-24
seat use; crash safety data in WA

Jenkins et al. 2001 US, 1997, aggregate bicyclmdtel 0.55 37,000 2.0 - 4.0 million 54 -108
price, use, and protection (adult) (lower bound)

Jenkins et al. 2001 US, 1997, aggregate bicyclmdtel 0.4-0.6 37,000 1.1 - 2.7 million 30-70
price, use, and protection (children) (lower kahun

Stated Preference Studies

Alberini et al. 2004a Canada, 1999 and US, 2000 1 7,000 - 53,000 0.9 - 1.5 million 19-28
General 5 47,000 - 53,000 3.7 - 4.8 million 7D-9

Alberini et al. 2004b UK, Italy, France, 2002 1 @aQ 2.5 million 60
General 5 41,000 1.1 million 28

Vassanadumrongdee and Bangkok, 2003 0.3 9,000 - 11%million 150 - 170

Matsuoka 2005 Traffic accidents and air pollution 60 9,000 0.9 million 100
Bhattacharya, Alberini, and  Delhi, 2005 4-30 00B, 30,000 10
Cropper 2007 Traffic accidents

Hammitt and Liu 2004 Taiwan, 2001 0.2-0.8 14,000 0.5 - 2.2 millioh 36 - 160
Lung and liver cancer/ non-cancer

Liu et al. 2005 Taiwan and Taipei, 2003 0.18 13,000,000 4.7 - 11 million 220 - 850
SARS 0.6 13,000 - 21,000 2.8 - 6 million 130 - 460
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Researcher Location, date, and data source Average risk Average annual VSL estimate  VSL to annual

(10°) wage (US$) (US$) wage ratio ($/$)
Bangladesh, 2003 7.5-%45 1,200 2,300 2
Mahmud 2009
General 15 - 9o 1,200 1,300 1

2Viscusi and Aldy compile a number of studies. Tisk reduction, average wage and VSL are rangesshder conversion to 2000 US$.

®Blomquist compiles a number of studies. The riskuation, average wage and VSL are ranges showncafterersion to 2000 US$

Average household income is not reported in theystlihe income reported in the table is taken f(ohs. Bureau of the Census 2004).

4Risk of death is calculated based on the sum ké fi&m 1-car, 2-car, and multi-car crashes. Tlferdinces in risk are based on the average risk for
different categories of vehicles.

®Estimated VSL is calculated by average VSL for 200,000 and 8 in 100,000 risk reductions. Sepastimates for each magnitude of risk
reduction are not available. Only median VSL valaesreported
"The risk reduction used was either 25% or 50% efdtaseline risk by age group. Hence, differentgagaps received different magnitude
reductions. Estimates based on subjective risk aisemade, but | only include estimates for oljectisk



Table 2. Average annual number of deaths for children in Matlab area by causdeofbase
data from HDSS annual reports (ICDDR,B, 2002; ICDDR,B 2003; ICDDR,B, 2004)

Age range <1 1-4 5-9 10-14 15-19 Total
(Population) (5,764) (21,024) (24,985) (27,024) ,923) (102,741)
Disease related

Respiratory 70 8.7 2.0 1.0 1.3 83
Diarrhea 17 9.3 2.0 1.0 0 29
Cancer 0.0 2.0 13 2.0 0.7 6.0
Infectious 7.0 2.7 1.0 1.3 1.3 13
Nutritional 12 4.3 1.3 1.0 0.3 19
Gastro-intestinal 2.3 0.3 1.0 0.7 1.0 5.3
Cardio-vascular 0.3 0 0 0.3 0.7 1.3
Neonatal 130 0 0 0 0 130
Avg. no. deaths due to 245 34 14 11 9 314
disease

Rate of death 43 16 057 041  0.39 3.1
(per 1,000 children per

yearf

Accidents, Injuries 0 0 0 0 0 0
Drowning 3.3 49 8.0 1.3 0.7 63
Homicide/Suicide 1.0 1.0 0.3 1.0 3.0 6.0
Other accident 2.3 1.3 2.0 2.3 1.3 9.3
Avg. no. deaths due to 17 58 16 8 9 108
accident/injury

Rate of death 2.9 2.8 0.6 0.31 0.38 1.1
(per 1,000 children per

year)

Other/Unknown 19.7 13.3 11.0 7.4 8.0 59
Avg. no. of deaths (all 260 92 30 19 18 420
causes)

Rate of death (all cause8) 45 4.4 1.2 0.72 0.77 4.1

(per 1,000 children per year)

# Deaths attributed to other/unknown were splitgyweetween disease and accident/injury.
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Table 3. Variable definition and descriptive statistics

. - Mean (SD)
Variable name Description (N = 532)
Respondent characteristics
Male =1 if male, =0 if female 0.49 (0.50)
Age Age (yrs), continuous 41 (9.8)
Hindu Religion = 1 if Hindu, 0 = else 0.06 (0.25)

Education 1-5 years
Education 5-10 years,

vocational

Education more than 10

years
Unable to read

Household characteristics

Infants
Young children

School-age children

Adults
Elderly adults

Log income per capita

Age of youngest child
Gender of youngest child

=1 if respondent completedygass of school 0.36 (0.48)
=1 if respondent completed 5-10 years of  0.18 (0.38)
school, vocational school, or madrassa

=1 if respondent completed university, 0.12 (0.32)
postgraduate or professional course

=1 if respondent is not able td @ea 0.53 (0.50)
newspaper

number of infants age <1 year, continuous .1200.34)

number of children age 1-5, contumio 0.7 (0.72)
number of children 6-17, cardims 1.7 (1.1)
number of adults age 18-65, continuous AG)

number of elderly adults age >6%ticmous 0.20 (0.43)
Natural log of household medlivided by 6.6 (0.7)
number of household members, continuous

Risk behavior, perceptions of disease, vaccinatidristory

Treat drinking water
Estimated risk reduction
(1/1,000 per year)

Age (yrs), continuous 7.®)4.
=1 if male, = 0 if female 0.52 (0.50)
= 1 if household treats wéberdrinking; 0.15 (0.36)
= baseline risk (as a function of age) multiplied
by the risk reduction presented to the 0.41 (0.36)
respondent

Characteristics of research design

Time to think
ICDDR,B

Initial supplement price

Follow-up price

=1 if given time to think overnightD else 0.47 (0.50)
Health service area; =1 if ICDDR,B, =0if  0.37 (0.48)
government

referendum price (Bang&dd&k), continuous 104 (150)

referendum price (Bangladeshi THoptinuous 80 (160)
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Table 4. Raw demand data as a function of price and risk reduction and associated Tutnbstirk&es

Age group Baseline Percentage Effective Coverage Coverage Coverage Coverage Coverage Turnbull VSL
risk risk risk Price = Price = Price = Price = Price = Avg. WTP
reduction reduction US$0.15  US$0.30 US$0.74 US$1.49 US$7.44 per month
(1/2,000 yr)
Age 1-2.9 2.1 20% 0.42 0.9 (n=9) 0.7 (n=17) 0.81@F 0.4 (n=21) 0.2 (n=6) US$2.0 US$58,000
21 60% 1.26 0.9 (n=10) 0.6 (n=22) 0.7(n=13) (@#16) 0.1 (n=8) US$1.5 US$15,000
Age3-49 11 20% 0.22 1 (n=9) 0.6 (n=14) 0.4 (n=8 0.6 (n=8) 0.1 (n=11) US$1.3 US$72,000
11 60% 0.66 0.9 (n=7) 0.7 (n=16) 0.4 (n=15) OAY) 0.4 (n=8) US$3.1 US$56,000
Age5-99 0.6 20% 0.12 0.6 (n=11) 0.8 (n=15) (@&21) 0.3(n=18) 0.1 (n=7) US$0.9 US$92,000
0.6 60% 0.36 0.8(n=16) 0.7 (n=18) 0.6 (n=20) (@=29) 0 (n=10) US$0.6 US$21,000
Age > 10 0.4 20% 0.08 0.7 (n=15) 0.6 (n=18) 0.0 0.3(n=16) 0 (n=7) US$0.6 US$83,000
0.4 60% 0.24 1 (n=10) 0.6 (n=9) 0.4 (n=18) 0.422= 0 (n=9) US$0.7 US$36,000




Table 5. Multivariate regression results from the probit models

Model 1 2 3
T-statistic in parentheses
Supplement price -0.0036*** -0.0036*** -0.0036***
(-6.9) (-6.8) (-6.9)
Male respondent 0.11 0.20 0.12
(0.75) (1.3) (0.76)
Resident from ICDDR,B service area -0.036 -0.041 .040
(-0.22) (-0.20) (-0.20)
Received time to think for -0.41%** -0.41%** -0.46*
Cholera vaccine experiment (-3.7) (-3.4) (-3.4)
Respondent age -0.011
(-1.5)
Respondent older than 55 years -0.25*
(-1.7)
Risk reduction (annual*1000) 0.45** 0.32* 0.39**
(2.6) (1.9 (2.3)
Education 1-5 yrs. 0.36** 0.35** 0.33**
(2.2) (2.1) (2.0)
Education 6-10 yrs. 0.61*** 0.53** 0.60***
(3.0 (2.5) (2.8)
Education >10 yrs. 0.77*+* 0.71%* 0.82%**
(3.0) (2.7) (2.9)
Log income per capita 0.31*** 0.31***
(4.6) (4.4)
HH income quatrtile 2 0.30
(1.6)
HH income quartile 3 0.36***
(2.8)
HH income quatrtile 4 0.37**
(2.0)
Youngest child is male 0.17 0.17 0.15
(1.6) (1.5) 1.4)
Treats water 0.15 0.16
(0.65) (0.77)
Hindu respondent -0.55* -0.58** -0.57*
(-1.8) (-2.0) (-2.0)
Constant =21 -1.6** -0.21
(-4.7) (-2.5) (-1.2)
Log likelihood -296 -297 -297
Average WTP per month US$1.50 US$1.50 US$1.50
VSL estimate US$22,000 US$16,000 US$19,000

* indicates significance at the 10% level

** at the 5% level
*** at the 1% level
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Table 5. Average marginal effects estimated from probit models dsfdsalfidas
Model 1 2 3

Supplement price (increment $0.50) -0.048 (.0071) 0.049 (.0071) -0.0048 (0.0072)

Male respondent (yes/no) 0.040 (0.059) 0.074 (9.059 0.051 (0.059)
Resident from ICDDR,B service -0.012 (0.081) -0.0014 (0.082) -0.0038 (0.082)
area (yes/no)
Received time to think for -0.16 (0.043) -0.16 (0.046) -0.16 (0.046)
cholera vaccine experiment
(yes/no)
Respondent age (increment 1 year) -0.0047

(0.0032)
Respondent older than 55 years -0.094 (0.058)
(yes/no)

Estimated risk reduction (1/10,000  0.018 (0.69) 0.0013 (0.068) 0.16 (0.068)
annually)

Education (increment 1 education 0.11 (0.035) 0.10 (0.035) 0.11 (0.037)
category)

Log income per capita (increment1  0.12 (0.027) 0.12 (0.028)

log unit)

HH (increment 1 income quartile) 0.053 (0.22)
Youngest child is male (yes/no) 0.066 (0.042) 0.0l045) 0.061 (0.044)
Hindu respondent -0.21 (0.10) -0.22 (0.10) -0.220p
Treats water (yes/no) 0.058 (0.090) 0.063 (0.085)
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Figure 1. Willingness to pay for hypothetical nutritional supplement
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Appendix 4. The development of a marginal cost per DALY functiorthat better
incorporates herd protection and herd immunity into cost utility analysis

+DRAFT April 28, 2009**

**DO NOT CITE OR QUOTE**

Introduction

As more and more new vaccines and other health/anidons are developed, public
health practitioners and international donor agetace increasingly difficult decisions for
investing limited resources to improve health ssldeveloped countries. Health economists
commonly use cost utility analysis to compare eiafiprovement benefits (as expressed in non-
monetary health utility units) and program costsarious interventions via a standardized
methodology. Disability adjusted life years (DALY®)quality adjusted life years (QALYS) are
the two most common types of units used to quahggith improvements. The results of these
analyses are commonly expressed as the cost pathamige in health utility (i.e. the cost per
DALY/QALY saved).

It is commonly known that many health interventioespecially vaccination programs,
provide indirect protection effects (i.e. herd paiton). For example, when a school-age child
receives an influenza vaccine, the child is ldss o become ill when exposed (e.g., to infected
classmates at school). Since this child is protelotethe vaccine, she is also less likely to expose

her family or her uninfected classmates to theadiseThus, the child’s vaccination indirectly

290



protects others from exposure to the disease. dtnegated effect of this reduction in exposure
is herd protection.

This herd protection effect leads to a non-conglationship between coverage and
DALYs saved. Thus, the average cost per DALY depandthe coverage rate achieved.
Especially for non-infant vaccination campaignsydtuld be more informative to report a
functional relationship between average cost peLYAnd coverage in place of the point
estimates or ranges that are commonly reportéslalso useful to define a marginal cost per
DALY relationship, which examines the rate of chamgcost per DALY as a function of
coverage. This marginal cost per DALY function dddee useful in targeting efficient coverage
rates for vaccination programs. In a developinghtgucontext where budgets are extremely
limited, these marginal considerations may helgm planners to target interventions more
efficiently to stretch limited resources. This apgie examines how to estimate cost utility
functions rather than cost utility values to bettemonstrate the impacts of herd protection for
vaccination programs. | present both average andina cost functions, based on empirical

herd protection relationships for cholera and iefiza vaccination programs.

Background

There are many example of cost utility studieslatsée in the literature; however, there
appears to be little consensus about how to acdouherd protection. Many cost utility analyses
have omitted herd immunity effects entirely (Besitet al., 2002; Beutels et al., 2007; Cook et al.,
2008; Kim et al., 2009). Other analyses incorponatel protection data from other sites for a
pre-specified coverage rate (Armstrong et al., 20@@ et al., 2007; Lloyd et al., 2007; Jeuland
et al., 2009). The pre-specified coverage ratellystgpresents universal coverage for a

particular subgrouff Many vaccination analyses are undertaken for infaocination programs,

*8Both the Jeuland et al. and Cook et al. analysamie three scenarios in which different groupgirec
vaccinations: 1) young children less than 5 yedrage, 2) all children less than 14 years of age, 3)
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in which population coverage rates increase owat s successive cohorts of infants participate.
Herd protection effects are then estimated asdkierage rates of young children gradually
increases with time from the initiation of the vimetion program. Vaccination benefits are
aggregated based on incidence reductions for taattinve recipients and for non-recipients. By
properly accounting for herd protection effectg, é#stimated cost per DALY saved may be
reduced considerably. This is especially importaemen incidence is indirectly reduced for
elderly age groups who may be most at risk froreatie mortality (Lee et al., 2007; Lloyd et al.,
2007)*°

While cost utility analysis is the most common taséd to judge the economic
attractiveness of vaccination programs, most optlitdished literature that examines how to
target vaccinations in the presence of herd prioiectses alternative frameworks.
Epidemiologists and economists have used optinozatiodels to examine the optimal
distribution of vaccines given either a predeteeditimitation in the number of vaccines
available or an economic constraint. For exampigelfret al. (2005) examined the optimal
allocation of influenza vaccines across age graupise event of a shortage. They found that
prioritization of vaccines for school-age childmuld maximize the number of cases and deaths
avoided, even though the risk of death is greéeslderly adults. This finding suggests that
school-age children have the much greater captcggread influenza relative to other age
groups.

Brito et al. (1991) examine the optimal tax or sdpsequired to achieve a socially
optimal vaccine coverage rate. They assume thacgines are 100% effective, 2) benefits are

homogenous across the community, and 3) that easfsacross the community. They also prove

universal vaccination of all age groups.

*t is important to note that herd protection effentay be detrimental for some diseases if vaccine
protection wanes with age and if the disease iseraerious for adults than children, such as thieefa
vaccine M. Brisson and W. J. Edmunds (2002), "Tdst-effectiveness of varicella zoster virus (VZV)
vaccination in Canada', Vaccine 20: 1113-1125, kk$®n and W. J. Edmunds (2003), 'Economic
Evaluation of Vaccination Programs: The Impact efdHimmunity’, Medical Decision Making 23: 76-82..
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that compulsory vaccination is always non-optin@hpared to a tax/subsidy scheme. Francis
(1997; 2004) expands upon this work by incorpogatirtcommon mathematical model of
epidemic disease spread, the susceptible-infeetsalrered or SIR model. This dynamic model is
applicable to epidemic disease spread, for whielrglence increases until the number of
susceptible individuals is offset by the numbereaiovered (i.e. immune) individuals. At this
point, prevalence begins to decline back to zerdikd Brito, Francis assumes that both vaccine
costs and benefits are homogenous across the cdtynftnancis solves for a threshold
prevalence such that 1) when prevalence is belewthtteshold, no one is vaccinated and 2) when
prevalence is above the threshold, everyone isnated. Francis also examines a static
equilibrium for which an optimal price is derivebulier et al. (2007) also employ the SIR
model, but focus on how SIR parameters impact ftienal coverage rates. They also assume
homogenous vaccine benefits and costs in the coiyniine optimal coverage rate depends

primarily on the infectiousness of disease.

Methodology

Empirical herd protection data is available fortholholera and influenza vaccination
programs. The relationships between coverage amchomity incidence reduction for cholera
and influenza vaccination programs are shown infeid.. The community incidence reduction
represents the combined impacts of direct andentiraccination protection across the entire
community. Thus, it represents a weighted aver&gecmence reductions for vaccinated and
unvaccinated subgroups. The cholera data corresgorréported herd protection from a 1985
cholera vaccination trial conducted in Matlab, Badgsh (Clemens et al., 1990; Longini Jr. et
al., 2007). The influenza data is taken from aitlarthat examines the optimal vaccine
distribution across age groups to protect agaiastemic influenza similar to the 1968-1969 A
(H3N2) Hong Kong influenza pandemic (Patel et2005). It is important to note that the

cholera data are based on observed results framenanity vaccination trial that targeted
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children and adult females while the influenza daabased on stochastic optimization
simulations. In other words, the cholera data aset on actual uptake rates, while the influenza
data are taken from scenarios in which vaccinatiwasoptimally distributed across age groups.
Non-optimized influenza vaccination would probatdgult in considerably reduced herd
protection effects.

The protection-coverage relationships shown in feduare quite similar. The rate or
change in community incidence reduction is sliggtigater for influenza, but differences are
never greater than 10%. According to the modet)ould be possible to achieve at least 80%
reductions in community incidence with coveragesaif less than 50%, even though neither
vaccine is 100% effective. Further increases irecage from 50% to 100% would result in
minor changes in community incidence, as showrhbynear horizontal trajectory of the

functions in Figure 1.
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Figure 11. Community average herd protection as functions of cholera drinfluenza
vaccination coverage rates (cholera data is from Longini et al. 2007; in#nza data is from
Patel et al. 2005)
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The cost per DALY saved depends on a number ofideraions, including disease
incidence, vaccine effectiveness, case fatality, it expectancy, fixed and marginal costs of
vaccination, and herd protection. | first develogeaeralized model that is flexible enough to
deal with a number of population subgroups that beheterogeneous in incidence, case fatality
rate, life expectancy or in herd protection impaasume that a population can be subdivided
into n homogeneous subgroups, each with baseline inad®i@, fori = 1 ton. After the
initiation of a vaccination program, the incidemeeubgroup (INC;) depends on the joint
coverage rates of the individual subgroups basemis@ries of functions, V

(1)  For eacti=1 ton, INC; = INC?, - V; (COVy, COV,, ... COV,)
where V; translates observed vaccination coverage rate®xgected incidence rates by
subgroup.

The changes in incidence rates can be used tdat@tbe number of cases avoided
through vaccination. This number of cases avoidestiten be converted into saved DALY's by
subgroup. The total number of saved DALYSs incorfegdooth reductions in morbidity (years of
life lost to disability,YLD;) and mortality (years of life los¥,LL;). The number of life years
saved per case avoided for subgroigpestimated via eq. 2 whet#-R; is the case fatality rate
for subgroup andLE; is the average remaining life expectancy for sobgti.

(2) YLL; saved per case €FR / 0.03- (1 — exp(-0.03 LE))

The number of life years saved per death avoisiggeaater for younger subgroups, which
have more life years remaining. However, theserduiite years are discounted at a 3% rate,
which reduces differences across age groups. Timbewof years lost to disability,LD, is
calculated based on the disability caused by dis@dwese calculations depend on the duration of
illness,DUR,, and severity weight). Severity weights depend on the disutility causgd
disease; illnesses that completely incapacitatersut have larger weights than those with minor
symptoms. Acute illnesses that cause long ternbiliiya(e.g., blindness or paralysis) tend to

have larger estimates ¥L.D per case.
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3) YLD saved per case = (1GFR) - DUR - W

Since neither cholera nor influenza tend to caoisg term disability, consideration for
long term disability is omitted from eq. 3. ThealdDALYs saved per case avoided is the sum of
YLL andYLD.

4 DALY, saved per case avoided¥.(;+ YLD)/ (1 + 0.03)

The total number of DALYs saved is equal to the hanof cases avoided multiplied by

the average DALYs saved per case. This can belatdduas a function of coverage based on
(5) Total DALYs= Zinzl[DALYi -POPR-INC’- (1-V, (COV,,COV,,...,.COV,))]

wherePOR is the population of groupand1-V, (COV,,COV,,...,.COV,) represents the change

in incidence inclusive of direct and herd protettaffects.

The cost per DALY saved is calculated by dividihg total cost of the intervention by
the total number of DALYs saved. The accountingadts depends on the perspective taken
(e.g., government, insurance provider, sociathdfgovernment or insurance provider
perspective is taken, the cost calculation shoufidract expected treatment expenditure savings
from total costs of the vaccination program. If Hueial perspective is used, one should add
recipient time and travel costs to receive vac@natas well as subtract private treatment
savings. This analysis takes the public health peseider perspective and subtracts public
treatment savings from total costs to calculatetgpnblic cost. This net public cost is expressed
non-parametrically as

(6)  Cost= C(COW, COV, ..., COV) —
PWF- " COl, - POR-[INC? -{1-V, (COV,,COV,,....COV, )}]

whereCOli is the average public COI per case avoiWf-is the present worth function, which
discounts future public treatment cost savings tveiduration of vaccination protection, and

C(COV,, COV, ..., COV) is a cost function. The average cost per DAL Yeshig eq. 6 divided
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by eq. 5 as shown below. Note that the averagependDALY may be negative if the public
treatment savings exceed the cost of providingiaations.

(7)  DALYCOST(COV;, COM, ..., COV) = [C(COW, COV, ..., COV) -

> COl, - POR - (INC - 1-V, (COV,,COV,,....COV,))] /

> DALY, -POR-INC? - (L-V, (COV;,COV,,...COV,))

Rather than reporting a function, most authorsntgpmint values for vaccination
programs. However, eq. 7 would only be independeobverage if 1) there is no herd
protection, 2) the marginal cost per vaccinatiolivdeed is constant, and 3) there are no fixed
costs. In general, all three of these conditionsld/carely be met. The cost function may have a
fixed cost component and either an increasing oredesing variable cost component, depending
on advertising requirements, population density ahér considerations. The herd protection
functions shown in Figure 1 indicate exponentidiygreasing returns to scale with regard to
incidence reduction. This herd protection funciimpacts both the public COI savings and saved
DALYs components of equation 7.

The marginal cost per DALY saved can be calculaiethking a partial derivative of eq.
7 with respect to coverage by subgroup. It can la¢éspumerically approximated by specifying a
small change in coverage (by subgroup) and meagth@corresponding changes in program
costs and DALYs saved that result.

Given a portfolio of various types of vaccinati@rsl a fixed budget, the maximum
number of DALYs saved would be achieved if the rmaaigcost per DALY saved were
approximately equal across interventions and sulpgr.or his could be accomplished using
numerical optimization, but that approach is netfttcus of this appendix. When considering a
portfolio of interventions, the following considémms should be included in marginal cost per
DALY calculations by disease and by subgroup: [Btinee differences in the number of DALYs

saved per case avoidddALY; 2) expected baseline incidenc$C?° 3) relative differences in
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herd protection impacts,\ - ) and 4) relative differences in the costsaifcine provision and
distribution .

Thus, diseases with large disability impacts psechigh baseline incidences, large herd
protection effects, and low vaccination costs wdaddargeted. The herd protection effects
(8Vi(-) 1 83COVi) are likely to express the greatest changes asiéuns of coverage. According to
Figure 1, the marginal herd-protection-induced gearin incidence are likely to decrease
considerably as coverage increases. In contrastiuimber oDALYiandINC? are constants.

The marginal cost of vaccination may vary with aage, but this variation is likely to be small

relative to the expected variation in herd protecti

Results

In this section, | present empirical simulationsdzhon literature estimates of
parameters. The primary purpose of this chaptier @éxamine DALY calculations as functions of
coverage in consideration of herd protection effe&tnumber of important parameters for
cholera and influenza vaccination programs are sanized in Table 1. These parameters are
either taken from literature estimates or assumed.

These cholera vaccination parameters are baseademé infection rates and common
treatment practices in the rural Matlab, Bangladas. The influenza vaccination parameters
are taken from the United States. The infectioe &aid herd protection parameters are based on
an influenza pandemic similar to the 1968 Hong Kimfigenza pandemic, while the treatment
and vaccination costs are estimated based onrexigtactices for influenza in the United States.
Note that treatment costs for pandemic influenialyiexceed those for common influenza, but
pandemic-specific data are not available.

The populations under consideration for both pnograre assumed to be 1,000,000
people. The fixed costs of the programs are asstioneel about US$0.10 per person or

US$100,000 in total (Lauria et al., 2009). The nraabcost per influenza vaccination in the
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United States is assumed to be US$60, based amsaltation cost of US$50 and a vaccine
procurement cost of US$10 (Jordan et al., 20065 iEimuch greater than in Bangladesh where
delivery cost is estimated at US$0.50 per dosepamclirement cost is estimated US$0.60 per
dose. The total cost is estimated to be US$2.8fordoses of cholera vaccine (Jeuland et al.,
2009).

The costs of these vaccination programs could kelha offset by the public savings
from treating fewer cases of iliness at publicickn The public cost of treating cholera in
Bangladesh is estimated at US$20 per case basgukbosting costs at a non-profit hospital in
Matlab, Bangladesh (Poulos et al., 2008). Influenzatment cost per case is estimated at US$25,
assuming that 27% of infected patients would sessitinent at an average cost of US$125 per
outpatient case in American hospitals (Jordan.e2@06).

The attack rate for the 1968-69 Hong Kong influepaademic was about 34%, resulting
in about 340 cases per 1,000 persons in one yatel @ al., 2005). Incidence rates were
consistent across age groups. The cholera incidateés based on a passive surveillance study
conducted at the Matlab hospital (Deen et al., 200Bolera incidence is greater for young
children age 1-5 years than for school-age childresrdults. The average annual incidence across
age groups is about 1.6 cases per 1000 personsw&hege durations per illness are assumed to
be 7 days for influenza and 3 days for cholera. DAkY weight is 0.27 for influenza, which is
based on the value for malaria and other febrgeaies. The DALY weight for cholera is
assumed to be 0.105, which corresponds to the wigigtiarrheal disease ((WHO), 2003). A
cholera-specific weight is not available from th&l® it is likely that cholera is more severe
than other types of diarrheal disease.

The influenza case fatality rate is a weighted agerof the mortality rates observed for
the 1968-69 Hong Kong influenza pandemic (Patal.eR005). The influenza mortality rate is
greater for elderly adults (2%) than for other &&l(0.3%) or children (0.025%). The cholera case

fatality rate is assumed to be 1% because it iallyspossible to reduce cholera case fatality rates
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below 1% at hospital (Ryan et al., 2000). Howeitas, unlikely that all cholera patients would
arrive at hospitals for treatment. The remainife dixpectancy is based on life expectancy tables
for Bangladesh and for the United States. The neimgiife expectancies reported in Table 1
represent weighted averages of the age-specificfataity rates, incidences and life
expectancies across age groups. The average raméfaiexpectancy is greater for cholera
fatalities because influenza deaths are concedteat®ng the elderly. Cholera deaths are more
evenly spread across age groups with a slight corateon among children who are more likely
to contract the disease.

These data can be used to calculate the averageenwfiife years saved per case
avoided YLL) and the average number of disability years speedase avoided/'[ D). Since
neither disease leads to long term disability nilneber of life years saved are significantly
greater than the number of disability years savéd,> YLD. For influenza, the averaygd.D
saved per case avoided are about 0.005, compaabdt 0.03 LL per case. For cholera, the
difference is even larger (about 0.001 YLD per casepared to 0.26 YLL per case). Overall, the
number of DALYs saved per cholera case avoided@msiderably greater for cholera (0.26)
than for influenza (0.035). This would indicatettabout 7.4 influenza cases would be

approximately equal to one cholera case in terniseohumber of DALYs saved.
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Table 8. Cholera and influenza parameter inputs for DALY calculations

Variable Cholera Influenza
vaccination  vaccination
program program
parameters parameters
Literature estimated values
Baseline annual incidence, INC?, cases 1.6 340
per 1,000 persons
Variable cost, C, US$ 2.2 60
Herd protection coefficient, y 5.1 6.6
Public COI per case- PUBCOI, US$ 20 25
Duration of vaccine protection (years) 3 1
DALY weight, W 0.105 0.27
Case fatality rate, CFR (%) 1 0.3
Expected remaining life years, LE 52 12
Assumed parameters
Population, POP 1,000,000 1,000,000
Fixed cost, F, US$ 100,000 100,000
Length of illness (days) 3 7
DALY discount rate (%) 3 3
Present worth factor, PWF 2.58 1
Calculated parameters
YLD saved per case 0.001 0.005
YLL saved per case 0.26 0.030
DALYs saved per case 0.26 0.035

The empirical relationships between coverage acideémce are approximately calculated
from the data presented in Figure 1. It is posdibk exponential functions to these
relationships via transformed linear regressiore ifitercept is fixed such that the baseline

incidence would be observed at zero coverage. @hdting functions are
(8) Cholera \{(COV,) = INC? - exp(-5.1 COV,)
(9)  Influenza V(COVY) = INCF’ - exp(-6.6 COW)

whereCOV, andCOV; are included as the fractions of the total pojpofateceiving cholera or

influenza vaccinations. These relationships sugfjastthe rates of decrease in incidence rates

301



decline exponentially as coverage rates incredsgs, the greatest rates of change occur at low
coverage rates.

The total cost, public COI savings, and DALYs saaeslshown as functions of coverage
rates in Figures 2 and 3 for cholera and influaraaination programs. The total cost functions
have intercepts at the fixed costs of vaccinatiwhiacrease at a constant marginal cost per
vaccination. The public COI savings are small redato total costs for both diseases. For
cholera, public treatment cost savings are not suéfitient to cover the fixed costs of the
vaccination program, even at 100% coverage. Sheaumber of DALYs saved and public COIl
savings are linear projections of the changesdilénce rates, the shapes of these functions are
similar to the herd protection curves shown in Fegl. Thus, while total costs increase linearly,
public COI savings plateau at higher coverage rdtes public COI savings are greater as a
percentage of total costs for influenza vaccinati@n for cholera vaccination.

For both vaccination programs, there are rapiceimees in the numbers of DALYs saved
for coverage rate increases from 0-30%. The DALcfions appear to plateau at coverage rates
greater than 50%, such that additional vaccinatiesslt in very small changes in DALYs. This

is because incidence rates have already been tiuaémost zero at 50% coverage.
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Figure 12. DALY's saved, total costs, and public COI savings as funetis of coverage for

cholera vaccination
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Figure 13. DALY's saved, total costs, and public COI savings as funetis of coverage for
influenza vaccination

The average net costs per DALY with and withoutsideration for herd protection are

shown in Figures 4 and 5 for cholera and influenespectively. Without herd protection, the
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average net costs per DALY decline to asymptotioesas coverage rates increase. The average
net cost per DALY is very high at low coverage sdtecause fixed costs must be absorbed by the
small fraction of the population that is vaccinatdd coverage increases, the net costs per DALY
decrease to asymptotic values of about US$3,00DAkl for cholera vaccination in Matlab
and about US$8,000 per DALY for vaccination agap@stdemic influenza in the United States.
With consideration of herd protection, the avenagecosts per DALY are much more
variable as functions of coverage. For choleraatlerage net cost per DALY decreases at very
low coverage rates because of the impact of fixetsq(i.e. because the average cost per
vaccination is very high at low coverage rates)cévterage rates greater than 5%, the average net
cost per DALY increases as coverage increasesodie diminishing returns of herd protection.
The average net cost per DALY for cholera vaccomatincreases from US$600 at 15% to
US$1,800 at 95%.
These increasing costs per DALY are demonstrataé kiearly by the marginal cost per
DALY function. The marginal net cost per DALY isdependent of fixed costs and increases
exponentially based on the shape of the herd grotefuinction. The marginal net cost per
DALY increases from about US$500 at 10% coveragebtut US$900 at 20% coverage to about
US$40,000 at 80% coverage for cholera vaccinafibos, it would cost about 80 times more to

achieve a marginal increase of one saved DALY &t 86verage than at 10% coverage.
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Figure 14. Average and marginal cost per DALY for cholera vaccination

The trends in the average net cost per DALY andymal net cost per DALY functions
are similar for influenza vaccination. The averagecost per DALY increases from about
US$1,300 at 15% coverage to about US$4,000 at @v¥#rage for influenza vaccination. The

marginal net cost per DALY increases from about US$0 at 15% to about US$380,000 at 80%

coverage, a 300-fold increase.
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Figure 15. Average and marginal cost per DALY for influenza vaccination

The average and marginal net cost per DALY fumstican be compared to commonly
used thresholds for cost-effective interventionsca@ding to the World Bank, a ‘very cost-
effective’ intervention has a net cost per DALYiodess than per capita GDP. A ‘cost-effective’
intervention has a ratio less than three timesapita GDP (Jeuland et al., 2008). Note that the
average GDP per capita is much greater in the t§tates (about US$ 46,000) than in
Bangladesh (about US$ 510).

Given pandemic influenza incidence rates in thaddhbtates, vaccination would be
considered ‘very cost effective’ at any coverade tmsed on the average cost per DALY
functions (with or without accounting for herd protion). Using the marginal cost per DALY
function instead of the average cost per DALY fioctinfluenza vaccination would be
considered ‘very cost effective’ at any coverade lass than 60%. Thus, program planners could
maximize coverage rates with little fear of misaediing resources; however, special effort should

not be made to increase coverage beyond about 80%.
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The cost effectiveness of vaccination against entleholera in Matlab, Bangladesh
requires more careful consideration. The averagepsr DALY is almost equal to the ‘very cost
effective’ threshold at low coverage rates (10-30¥he marginal cost per DALY is less than the
‘very cost effective’ threshold at coverage ratsslthan 10% and less than the ‘cost effective’
threshold at coverage rates less than 30%. At 58%rage, the marginal cost per DALY is three
times greater than the ‘cost effective’ threshlgese findings demonstrate that the marginal
cost per DALY calculation is highly sensitive tetboverage rate under consideration. While a
cholera vaccination program can be considered &ffsttive’ at low to moderate coverage, there
should be little incentive to increase coveragesaeyond 50% based on the parameters included

in this simulation.

Conclusions

This appendix examines the relationship betweerrege rates and cost utility metrics
in the presence of herd protection impacts. Theutaions incorporate actual incidence-
coverage relationships from epidemiological studiesndemic cholera in Bangladesh and for an
influenza pandemic similar to the 1968-69 Hong Ketrgin observed in the United States. Both
epidemiological studies suggest an exponentialiogiship between vaccination coverage rates
and reductions in disease burden, which inferithatpossible to achieve substantial reductions
in incidences at modest coverage rates. Theseestfudither show that increases in coverage
beyond 30-50% have very little impact on diseagddiubecause incidence rates have already
been reduced considerably.

Cost utility metrics are useful for prioritizingrass health interventions. When the
average cost per DALY metric falls between the yvast effective’ and ‘cost effective’
thresholds, but this does not guarantee that d@natmmn program should be implemented.
Financial resources for health interventions &alyito be extremely limited in many developing

countries. There may be many interventions areidered ‘cost effective’, but for which funding
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is unavailable. It is necessary to check if otheslth interventions that pass these thresholds may
have more attractive ratios (Jeuland et al., 2088h many ‘cost-effective’ options, it becomes
especially important to consider the marginal pestDALY as well as the average cost per

DALY metrics. As shown in Figure 4, vaccination e endemic cholera in Matlab,

Bangladesh is likely to fall between the ‘very ceffective’ and ‘cost effective’ thresholds based
on average cost per DALY calculations. However miagginal cost per DALY is almost certain

to be excessive at any coverage rate greater 8% n Bhus, any vaccination portfolio would
probably improve efficiency by diverting resourte®ther health interventions rather than try to
boost cholera vaccination coverage rates beyond 50%

These findings suggest that it might be more effitio introduce more types of vaccines
at lower coverage rates than to introduce a smalletber of vaccinations at high coverage rates.
For example, given a refugee setting with limiteglaurces, it might be better to introduce two
vaccines at 50% coverage than to introduce a suagieine at 100% coverage. If one endeavors
to take advantage of herd protection, it is impdrta ensure that vaccines are distributed
uniformly across an area. In a best case scerapmgram administrator would attempt to
evenly split different types of vaccinations witliauseholds (i.e. half of the household members
would receive vaccine A while the other half worddeive vaccine B). This should better retard
disease spread for both diseases relative to agmmoig which coverage rates vary widely from
one neighborhood to the next.

Given a pandemic influenza strain that invadeshiged States, it may be ‘very cost
effective’ to maximize vaccination coverage ratesduse disease prevalence is likely to be very
high. In this situation, it is important to contato provide vaccinations beyond 50% because the
threat is so great. This situation may be simiaht provision of the low cost vaccinations
included in the Expanded Programme of Immunizai€fl) already available in low income
countries. Thus, it is important not to assume @lataccinations should be provided at lower

coverage rates, only vaccinations that are coraidearginally cost effective.
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Although | merged age groups to allow for bettasugiization of trends, it is also
important to note that this approach should alloneffficient allocations of vaccinations across
age groups. For example, Patel et al. (2005) repatthe influenza mortality rate is much
greater for elderly adults than for other grougsug, the number of DALYs saved per case
avoided is greatest for elderly adults. Howeveg,itbmber of DALYs saved per case is only one
important parameter (shown in eq. 7). Patel elab find that vaccination of children has a much
greater impact on herd protection than vaccinatfosther groups. In the marginal calculations,
this greater influence of herd protection from @hiccination relative to DALYs saved per case
avoided for elderly vaccinations should be evidentther words, the marginal cost per DALY
saved for the child subgroup should be less thamidrginal cost for the elderly subgroup across
a range of coverage rates.

There are some limitations to the model developehis chapter. First, the relationships
between coverage rates and herd protection efieetsot well-studied for many vaccines. Even
in cases where linkages between herd protectiovacanation coverage are well established,
differences across subgroups or across locatiogsotebe well understood (e.g., it may not be
known if adult or child vaccinations have greatapacts on herd protection for a particular
vaccine). Second, it may be difficult to achieve thptimal’ coverage rates calculated from the
marginal cost per DALY analysis. It may be possiblentroduce different pricing or rationing
schemes to achieve these coverage rates, butntiagrbe considerable uncertainty in predicting
populations’ responses to these policies.

In spite of these limitations, | believe this modebuld be useful. When incidence
changes are converted to health utility units citbet effectiveness of a particular intervention is
heavily dependent on the coverage rate achievede\Wérd protection is a well known attribute
of vaccination and other health intervention praggait is rarely rigorously considered in
economic evaluations. This chapter develops a nethiad of accounting for herd protection in

cost utility analysis and also demonstrates the faebetter research in regard to the empirical
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relationships between coverage and herd protedtlmglieve that the marginal cost per DALY
metric is better suited for determining approprizdgerage levels and for targeting vaccinations

across population subgroups in comparison to corhym@ed analyses.
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