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Abstract

Objectives: To estimate household willingness to pay (WTP) for cholera vaccines in a rural area of Bangladesh, which had
participated in a 1985 oral cholera vaccine trial.
Methods: A contingent valuation study was undertaken in Matlab, Bangladesh in summer 2005. All respondents (N = 591)
received a description of a cholera vaccine that was 50% effective for 3 years and had negligible side effects. Respondents
were asked how many vaccines they would purchase for their household at randomly pre-assigned prices. Negative binomial
regression models were used to estimate the number of vaccines demanded and to calculate average WTP.
Results: On average, respondents were willing to pay about US$ 9.50 to purchase vaccines for all members of their household
(i.e. US$ 1.70 per vaccine). Average WTP per person is US$ 2.40 for young children (1–4 years), US$ 1.20 for school-age
children, and US$ 1.05 for adults. Median WTP estimates are significantly smaller: US$ 1.00 for young children, US$ 0.05 for
schoolchildren, and US$ 0 for adults.

Conclusions: There is significant demand for cholera vaccines in Matlab at low prices. Recent herd protection research suggests
that unvaccinated persons would also experience reduced incidence via indirect effects at low coverage rates associated with
moderate vaccine prices.
© 2007 Elsevier Ireland Ltd. All rights reserved.

Keywords: Vaccine demand; Willingness to pay; Contingent valuation; Cho

∗ Corresponding author at: Health Systems & Infectious Diseases
Division, ICDDR,B: GPO Box 128, Dhaka 1000, Bangladesh.
Tel.: +880 2 9886505; fax: +880 2 8811568.

E-mail address: zia@icddrb.org (Z. Islam).

1

s
t
t
[
t

0168-8510/$ – see front matter © 2007 Elsevier Ireland Ltd. All rights reser
doi:10.1016/j.healthpol.2007.07.009
lera; Bangladesh

. Introduction

In many less developed countries, cholera remains a
erious public health problem. Most cases are concen-

rated in the “cholera belts” of coastal and delta areas in
he tropics, of which Bangladesh is a classic example
1]. Incidence of cholera can be reduced through access
o clean drinking water and proper disposal of sewage.

ved.
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lance records, the annual incidence of cholera ranges
from one to five cases per 1000 persons. Because not all
cases arrive at the hospital and some are misdiagnosed,
Z. Islam et al. / Healt

owever, infrastructure additions and improvements
re expensive and progress has been slow, especially
n rural areas. In Bangladesh oral rehydration solution
ORS) has successfully reduced the case fatality rate of
holera to less than 1% [2,3]. While the widespread use
f ORS has limited the risk of death in areas with qual-
ty health care, it does not reduce the risk of contracting
holera upon exposure.

New-generation oral cholera vaccines were tested
n Matlab, our research area, during 1985 and found
o have protective efficacies of approximately 50%
ver 3 years [4,5]. Ali et al. [6,7] reanalyzed the data
rom the Matlab trial and found reduced disease inci-
ence among unvaccinated individuals in localities
ith higher coverage (i.e. herd protection effects).
Despite evidence of vaccine effectiveness, policy

akers in Bangladesh reported that they did not place
high priority on providing cholera vaccines, even in

reas with high endemic incidence rates [8]. The rea-
ons for the lack of interest include: (1) the success
f ORS in reducing cholera mortality, (2) a desire to
pend limited resources on other interventions, (3) the
imited duration and effectiveness of cholera vaccines,
4) the higher cost of cholera vaccines relative to oth-
rs included in World Health Organization’s Expanded
rogram on Immunization (EPI), and (5) the inability

o administer the cholera vaccine as part of the existing
PI schedule.

Given the lack of public sector support for a
holera vaccination program in Bangladesh, a key
ssue in developing a successful vaccination program is
hether it can be financially sustainable. Our research

ttempts to quantify private willingness to pay for
holera vaccines in a highly endemic area, where free,
igh quality treatment facilities already exist. This
tudy attempts to determine how much families are
illing to pay for vaccines and how household deci-

ion makers would allocate vaccines among family
embers. Because residents of the Matlab area have

revious experience with oral cholera vaccines, this
rea should offer useful evidence of the private value
f the cholera vaccine.

Our research group surveyed a sample of 591 house-
olds in the Matlab area, where cholera is prevalent. In

ur in-home interview with the representative of each
ousehold, we presented a description of a hypotheti-
al cholera vaccine that was 50% effective for 3 years
nd had negligible side effects; then, we asked if that

t
M
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ndividual would be willing and able to purchase the
accine at a single specified price (preassigned from an
rray of six) for personal immunization and for immu-
ization of other household members. This technique,
nown as the contingent valuation method, permits
easurement of demand for goods that are not widely

vailable or do not have markets; it has been used
requently to measure the demand for vaccines in devel-
ping countries [9–13], as well as for environmental
oods and services [14–16].

.1. Background

The Matlab Health Research Centre study area lies
ome 55 km southwest of Dhaka and has a popula-
ion of approximately 224,000 [17]. The International
entre for Diarrhoeal Disease Research, Bangladesh

ICDDR,B) operates a hospital in Matlab sub-district
hose services include free treatment to anyone with
iarrhea. ICDDR,B also provides basic health services
o approximately 111,000 people in Matlab town and
7 outlying villages. Once a month, ICDDR,B’s Health
nd Demographic Surveillance System (HDSS) gath-
rs information from each person in the ICDDR,B
ervice area as well as from an additional 113,000 peo-
le in 75 other nearby villages who receive basic health
are services from government facilities.1 ICDDR,B
as collected this information for more than 35 years,
nd the sample frame for the present study was gener-
ted from that database.

From 1963 through 1996, ICDDR,B conducted a
umber of health intervention studies in the area, many
f which included the free provision of products aimed
t improving the health of participants. In addition to
he 1985 cholera vaccine trial, residents of the govern-

ent service area were included in 30–35 studies while
esidents of the ICDDR,B service area participated in
5–65 studies. These studies may have conditioned
eople in the area to believe that public health programs
hould be provided free of charge.

According to data from ICDDR,B’s hospital surveil-
1 The ICDDR,B hospital will provide free treatment for anyone
hat travels to the hospital, including people that reside outside of the

HRC.
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he actual cholera incidence rate is unquestionably
igher; epidemiological studies have estimated that the
nnual incidence rate could be 4–20 cases per 1000 per-
ons in the Matlab area [18]. The most recent records,
rom 2003, show that 62 people among the HDSS
opulation died from all diseases related to diarrhea,
ncluding cholera, corresponding to a mortality rate of
.8 deaths per 10,000 persons [17]. Cholera transmis-
ion occurs year-round and peaks during April–May
nd September–October (i.e. just before and after the
ummer monsoon [19]).

Using the Matlab area as an example, Sack [18]
ompares the cost effectiveness of cholera treatment
ersus vaccination by performing break-even analyses
f the cost per cholera death avoided using different
ncidence rates and vaccination costs. Sack estimated
he treatment cost per death avoided at about US$ 350
based on a 20% case fatality rate without treatment
ersus 0.5% with treatment). He reports that vaccines
ight be more cost effective per death avoided than the

rovision of free treatment if per capita vaccine cost is
ess than US$ 1 and if annual incidence exceeds 1 in
000. However, this analysis ignores the disutility and
nancial costs of illness prevented through vaccina-

ion. Also, it may not be necessary to choose between
accination and treatment. Instead, one can assess the
arginal benefits of adding vaccination efforts to exist-

ng treatment programs.
Although cholera vaccines are not currently avail-

ble, people in the Matlab area have had experience
ith the new-generation oral vaccine and a combined

yphoid, paratyphoid A and B, and cholera (TABC)
accine that was administered during the 1950s and
960s. ICDDR,B’s 1985 field trial administered two
istinct oral cholera vaccines and a placebo. The vac-
ination program targeted children and mothers. More
han 62,000 people took three doses, approximately
7,000 took one or two doses, and about 31,000 were
bsent or refused to participate [5].

Ali et al. [6] used a GPS database in combination
ith vaccine trial records to examine herd protection

ffects for the first year after the 1985 Matlab trial.
hey found a significant inverse monotonic relation-
hip between local coverage rates and disease incidence

n unvaccinated persons. The raw data showed that
t target population coverage rates greater than 50%,
isease incidence was about the same for vaccinated
nd unvaccinated persons and roughly 80% less than

a
r
s
e
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he incidence for placebo recipients in areas with low
accination rates (i.e. less than 28% coverage). These
esults also suggest that researchers may have underes-
imated vaccine effectiveness in previous evaluations
f the Matlab trial. In a separate study, Ali et al. [7]
ound significant herd protection effects for children
ess than 2 years of age who were not eligible for the

atlab trial. The local coverage rate for women greater
han 15 years of age was a statistically significant cor-
elate for incidence among children less than 2 years.
owever, the coverage rate for children age 2–15 years
as not statistically significant.
People in the Matlab area also have access to vac-

ines from EPI, which are distributed by ICDDR,B’s
ommunity health workers once per month [20]. The
rivate market for vaccines in the area is minimal,
ith only a few pharmacies in Matlab town that sell

nd administer vaccines directly to individuals. The
harmacies’ prices for providing tetanus vaccines vary
onsiderably (US$ 0.30–1.34), possibly depending on
he number of vaccines sold. The price for rabies vac-
ine was less variable (US$ 5.95–6.40). Note that these
rices are based on an exchange rate of US$ 1 = 67.2
angladeshi Taka (1 August 2005). Unless otherwise
oted, we present price information and results in 2005
S dollars using this exchange rate. These numbers

re, however, unadjusted for purchasing power parity.
ationwide, Levin et al. [21] report that the private sec-

or only accounts for about 2% of vaccines delivered
n Bangladesh.

. Materials and methods

.1. Sampling procedure

The survey respondents were chosen via a two-stage
luster sample without replacement based on a house-
old sample frame from ICDDR,B’s HDSS database.
he first stage selected a total of 3000 households,
ach with at least one child less than 18 years of age.
wo-thirds of these households were located in the gov-
rnment service area, and one-third in the ICDDR,B
ervice area. We over sampled the government service

rea because we believed that it might be slightly more
epresentative of rural Bangladesh than the ICDDR,B
ervice area. This also allowed us to test for differ-
nces in demand between service areas. The sample
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were divided into two groups. No time to think (NTTT)
respondents received the entire questionnaire in one
sitting. Time to think (TTT) respondents answered the
Z. Islam et al. / Healt

as then subdivided into 120 clusters of 22–28 house-
olds located within small geographic areas ranging
bout 1–4 km2 depending on population density. This
lustering reduced travel time between interviews.

In the second stage we randomly selected two sets
f 15 clusters of households and assigned one cluster
rom each set to each enumerator. We required enu-
erators to interview the mother or father of children

n the household and to allot half their interviews to
athers.2 Only two households refused to grant inter-
iews. However, it proved difficult to interview male
arents, because many reside and work outside the
atlab area. Nonetheless, we wanted to obtain a fairly

ven gender split between male and female parents.
s a result, we chose not to interview 160 households
here female parents or grandparents were available

or interview, but males were not. This approach will
ias our sample toward households for which males
emain in the Matlab area, but allows us to better test
or differences in preferences between mothers and
athers.

.2. Survey instrument

The survey instrument was approved by the Insti-
utional Review Boards at the University of North
arolina at Chapel Hill and at ICDDR,B. The instru-
ent had six sections of questions and is available

s an online Appendix. The first section recorded
emographic information about the respondent and
embers of the household. The second section had

uestions regarding the respondent’s perceptions of and
xperiences with cholera. The third section discussed
ow cholera was contracted, spread, prevented, and
reated; it also included questions about the respon-
ent’s previous experience with the oral cholera and
ABC vaccines. This section also introduced the
holera vaccine contingent valuation scenario, includ-
ng descriptions of the vaccine’s effectiveness and
uration. Next, the respondents’ understanding of the
oncept of vaccine effectiveness was tested. The fourth

ection contained the valuation questions that were
sed to estimate demand and willingness to pay (WTP)
nd is described in Section 2.3 below. The fifth section

2 We interviewed two respondents who were grandparents, because
he parents had died.
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ncluded questions to determine the value of a reduc-
ion in the risk of death for the respondent’s youngest
hild [22]. The sixth section included socioeconomic
uestions about education, income, housing charac-
eristics, assets, disease-averting behaviors, economic
tatus, and access to credit.

Two sets of 60 pretest interviews helped us to adapt
ur survey to local conditions and to determine the
ppropriate bid (price) levels for the cholera vaccine.
e employed 20 local enumerators to conduct the

n-person interviews. These enumerators had experi-
nce working on other ICDDR,B public health studies,
ut had not administered contingent valuation surveys.
hey received 2 weeks of training according to the
uidelines recommended in Whittington’s review of
V practices in developing countries [16].

.3. Research design

First, we explained that vaccine effectiveness was
ased on the joint probability of: (1) being exposed
o illness and (2) being protected by the vaccine. The
xplanation used a picture with 50 blue and 50 red
gures representing persons who would or would not
e immune to disease after vaccination. Each respon-
ent was then presented with a single price from an
rray of six randomly assigned prices (US$ 0.15, 0.37,
.74, 1.12, 4.46, 8.93)3 and asked if he or she would
e willing to pay that price for a vaccine for per-
onal immunization.4 Then, respondents were asked
ow many vaccines they would purchase for family
embers and which family members would receive

hose vaccines. Prior to the first question about self-
rotection, respondents were instructed to consider
heir budget constraints and told that there were no right
r wrong answers.

The interviews were staged such that respondents
3 Equivalent prices in Bangladeshi taka are Tk 10, 25, 50, 75, 300,
00.
4 Note that the oral cholera vaccine described in the scenario

equired two doses to be administered about 2 weeks apart. The
ypothetical user fee represented the price per full vaccinated indi-
idual, not per dose. Throughout the paper, we refer to demand for
wo doses based on a single price.
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rst half of the survey, and then were given overnight
o consider the prospective “purchase” of the cholera
accines and to discuss the decision with other family
embers. An interviewer returned the next day to finish

he survey.

.4. Modeling strategy

Our household analysis is based on a model of vac-
ine decision making developed by Cropper et al. [11].
t is assumed that the decision maker maximizes the
ousehold utility function, which is a function of each
amily member’s consumption and health, subject to

household budget constraint. Demand depends on
on-wage income, the prices of vaccines and other pre-
entive and mitigating health products, and a vector of
ndividual and household characteristics.5

Count models are useful for examining household
emand because they employ integer estimates for the
umber of vaccines purchased by each family. We used
he negative binomial model, which is a variation of
he Poisson regression model. The dependent variable
probability of buying vaccines for all family members)
s a random draw from a negative binomial distribution
ith a mean λi, where i denotes the household. If V ∗

i

s the solution to the maximization problem and ni is
ousehold size, the model can be written as

r[V ∗
i = ni] =

(
eλiλn

i

ni!

)
where n = 1 to ni, (1)

here λi = eXiβ+εi and Xi is a vector of characteristics
escribing household i and the vaccine price offered to
hat family. The term εi is an error with gamma dis-
ribution. The number of occurrences are distributed
ith mean λi and variance λi + α−1λ2

i where α is the
ommon parameter of the gamma distribution.6 The

oefficient estimates are used to construct a demand
urve for each respondent’s household. The fraction
overed can be estimated by dividing the estimated

5 Note that we also analyzed data for individual respondent demand
or self-protection; the results are available upon request from the
uthors.
6 A truncated Poisson model was also estimated for these data.
his model avoids demand predictions that exceed the number of
ousehold members for each respondent. Because WTP estimates are
imilar for truncated Poisson and standard negative binomial models,
e concluded that the negative binomial model should be employed
ecause it allows for overdispersion.
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umber of vaccines purchased by the population size.
he area underneath the demand curve is the Marshal-

ian consumer surplus, which we define as household
illingness to pay.

. Results

Generally, respondents understood the cholera vac-
ine scenario and provided reasoned answers to our
aluation questions. Only 9 of the 591 respondents
ejected our hypothetical description of vaccines or
accine effectiveness either because they believed that
he vaccine would not be effective or would have nega-
ive side effects. These respondents were dropped from
urther analysis.7

.1. Sample socio-demographic characteristics

The socio-demographic characteristics of the sam-
le households are summarized in Table 1. About 37%
f respondents are from the ICDDR,B service area, and
heir average age is about 40 years. Average household
ize is 5.8 persons, including 0.1 infants less than 1
ear old, 0.7 young children (1–5 years), 1.7 school-age
hildren (6–17 years), 3.0 adults (18–65 years), and 0.2
lderly adults (66 years and up). The average respon-
ent had 3.6 years of eduation, with 35% of the sample
eporting that they never attended school. The average
onthly household income was about US$ 75, which

orresponds to an average monthly per capita income
f US$ 13. About 39% of respondents received elec-
ricity directly from a grid. A few other respondents
ad installed solar panels or used large batteries.

.2. Water and sanitation behaviors

The primary source (85%) of drinking water for

ost respondents was hand pumps; most (60%) shared

umps with their neighbors. Hand pumps have proved
roblematic because of extensive, naturally occur-
ing arsenic contamination in the local groundwater

7 Overall, 90% of respondents reported that they would be “primar-
ly involved” in the cholera vaccine purchase decision. By gender,
5% of female respondents and 95% of male respondents would be
nvolved. Thus, our sample should be representative of household
ecision makers.



Z. Islam et al. / Health Policy 85 (2008) 184–195 189

Table 1
Variable definitions and descriptive statistics (respondent and household (hh) characteristics)

Variable name Description Mean (S.D.) (N = 591)

Respondent characteristics
Male Gender = 1 if male, =0 if female 0.49 (0.50)
Age Age (years), continuous 40 (9.7)
Practice Hinduism Religion = 1 if Hindu, =0 else 0.06 (0.25)
Education 1–5 years =1 if respondent completed 1–5 years of school 0.36 (0.48)
Education 5–10 years, vocational =1 if respondent completed 5–10 years of

school, vocational school, or madrassa
0.18 (0.38)

Education more than 10 years =1 if respondent completed university,
postgraduate or professional course

0.12 (0.32)

Unable to read =1 if respondent is not able to read a newspaper 0.53 (0.50)

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)
Monthly income per capita HH income divided by number of hh members

(US$ per month), continuous
13.7 (11.5)a

hh inco
ontinuo
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c
3
b
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Log income per capita Natural log of
hh members, c

a The average household monthly income was US$ 75 (Tk 5000).

quifers. Only 8% of surveyed households reported
oiling their drinking water, though some did treat
ater with bleach (5%), via sedimentation with alum

4%) or with filters made of cloth, ceramics, sand, or
omposite material (7%).8 The respondents primar-
ly used improved pit, unimproved pit, and hanging
atrines9 for feces disposal.

.3. Previous experience with oral cholera or
ABC vaccines

In our survey 182 of 591 respondents reported that
hey had received the oral cholera vaccine during the
985 trial. From respondents’ accounts of their house-
old members’ experience with vaccines, it appears

hat about 10% of respondents and their household

embers had received vaccines. (This is likely an
nderestimate, because respondents may not have been

8 An unrelated arsenic health intervention promoted the use of
lters and sedimentation to reduce arsenic exposure.
9 The improved pit latrines had cement floors and solid walls, pro-
iding better privacy than unimproved pit latrines. Unimproved pit
atrines generally consisted of a hole in the ground surrounded by
alls made of poor materials.

r
m
o
m
p
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me divided by number of
us

6.8 (0.7)

ware of vaccines received by others.) Most respon-
ents (90%) reported that they were satisfied with
he vaccines received by themselves and their family

embers. They thought (incorrectly) that most of the
accinated persons in their households (72%, including
hemselves and other members) were still protected by
he vaccine.

.4. Attitudes about cholera and vaccines

The variables thought to influence demand for
holera vaccines are summarized in Table 2. About
7% of respondents reported that at least one mem-
er of their household had suffered from cholera in the
ast; 6% reported a death in the family. Another 27% of
espondents knew of someone other than a household
ember who had suffered from cholera. The proportion

f households that had experienced a cholera death was
ore than twice as high in the government service area,

ossibly because ICDDR,B’s provision of health care
nd previous research studies have reduced cholera-

elated deaths. More respondents believed that cholera
s serious or very serious for children (84%) than for
dults (64%). Also, more respondents believed that
heir children would be likely to contract cholera in the
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Table 2
Variable definitions and descriptive statistics (perceptions of disease, vaccine history and characteristics of research design)

Variable name Description Mean (S.D.)

Risk behavior, perceptions of disease, vaccination history

Treat drinking water =1 if household treats water for drinking; 0.15 (0.36)
Someone in household has had cholera =1 if someone in household has had cholera 0.37 (0.48)
Know person who has had cholera (outside hh) =1 if knows someone outside hh who has had

cholera, but not someone in hh
0.27 (0.50)

Cholera is very serious for adults =1 if respondent believes cholera is (very)
serious for adults

0.64 (0.48)

Cholera is serious for children =1 if cholera (very) serious for children 0.84 (0.50)
Cholera likely for respondent =1 if respondent believes he or she is likely or

very likely to contract cholera in next 5 years
0.20 (0.40)

Cholera likely for respondent’s child =1 if respondent believes his or her child will
likely contract cholera in next 5 years

0.40 (0.49)

Believes cholera is common in community =1 if respondent believes cholera is common in
his or her community

0.20 (0.40)

Respondent believes vaccine is still working =1 if respondent had oral cholera vaccine and
believes that it is still effective

0.24 (0.43)

Respondent had cholera vaccine satisfied, not working =1 if respondent had oral cholera vaccine was
satisfied, but does not think vaccine still works

0.06 (0.25)

Respondent unsatisfied with vaccine =1 if respondent was not satisfied with previous
vaccine for self or family member

0.03 (0.16)

Characteristics of research design
Time to think =1 if given time to think overnight 0.47 (0.50)

ealth s
overnm
eferend

n
(
c
d
m
b

v

T
H

P

H

N

T

ICDDR,B H
g

Price R

ext 5 years (40%) than believed that they themselves
20%) were at risk. Thus, it appears that respondents

onsider cholera to be dangerous, especially for chil-
ren; they also believe the risk of their household
embers contracting the disease is higher than would

e expected based on reported incidence rates.

f
t
v
q

able 3
ousehold demand for vaccines (raw data)

rice US$ (Tk) US$ 0.15
(10)

US$ 0.37
(25)

ousehold demanda

NTTT sample size 54 54
Average number of vaccines per family 4.4 4.4
TTT sample size 51 48
Average number of vaccines per family 4.1 3.1

TTT
% Family members vaccinated 76 75

TT
% Family members vaccinated 63 53

a Number of vaccines purchased divided by number of persons in househ
b Sample size was smaller for the highest price, because it was only used
ervice area; =1 if ICDDR,B, =0 if
ent

0.37 (0.48)

um price (Bangladeshi Tk), continuous 157 (198)

Most respondents understood our description of
accine effectiveness. About 75% correctly answered

our questions designed to test understanding. With
hose who did not answer correctly, we repeated the
accine effectiveness description, then repeated the test
uestions. After this second round, the overall suc-

US$ 0.74
(50)

US$
1.10(75)

US$ 4.50
(300)

US$ 9.0
(600)

57 52 54 39b

3.2 2.8 0.8 0.2
47 46 46 38b

1.8 1.6 0.3 0.5

60 53 16 4

31 27 4 10

old.
to choke off demand.
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ess rate rose to about 93%: only some 7% of all
espondents were unable to answer the test questions
orrectly.

A majority (68%) believed that the most important
enefit of a cholera vaccine is to prevent pain and suffer-
ng. Others (24%) cited avoiding the risk of death from
holera as most important. Very few (8%) cited avoided
reatment costs or lost wages as the primary benefit of a

holera vaccine. These answers suggest that economic
nalyses that rely primarily on cost-illness estimates
ould underestimate the private economic benefits of

he vaccine.

t
o
(
o

able 4
ousehold negative binomial regression results and WTP estimates

odel

rice (Tk)
ime to think
ale
esident from ICDDR,B service area
ge
ducation 1–5 years
ducation 6–10 years
ducation >10 years
og income per capita

umber of hh members
Number of infants < age 1
Number of children age 1–5
Number of children age 6–17
Number of adults age >18

ractice Hinduism
erious or very serious for children
erious or very serious for adults
holera likely for respondent
holera likely for children
omeone in hh has had cholera
now someone other than hh member that has had cholera
espondents had prior vaccine; was satisfied and thinks vaccine still works
espondent had prior vaccine; was satisfied but thinks vaccine no longer wo
espondent had prior vaccine; not satisfied
reats water
onstant
2

stimated average WTP, NTTT government service area (US$)
stimated average WTP, NTTT ICDDR,B service area (US$)
stimated average WTP, TTT government service area (US$)
stimated average WTP, TTT ICDDR,B service area (US$)

-statistic in parentheses.
* Significance at the 10% level.

** Significance at the 5% level.
** Significance at the 1% level.
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.5. Household demand

Table 3 shows the raw data for the average fraction
f household members that the respondents reported
ould be vaccinated at each price. The average frac-

ion of household members vaccinated decreases as the
rice increases and for respondents given time to think.
e found that many respondents (74%) either decided
o purchase vaccines for all family members or for none
f their family members. Relatively fewer respondents
26%) chose to purchase vaccines for some, but not all
f their family members.

Household model

1 2

−0.005*** (−6.5) −0.005*** (−13)
−0.38*** (−3.85) −0.44*** (−4.3)

0.27*** (2.64) 0.27** (2.4)
−0.18* (−1.78) −0.25** (−2.1)
−0.008 (−1.40) −0.009 (−1.4)

0.18 (1.48) 0.16 (1.3)
0.28* (1.92) 0.22 (1.5)
0.12 (0.83) 0.14 (0.81)
0.37*** (4.43) 0.39*** (4.5)

0.041 (0.29) −0.020 (−0.14)
0.19*** (2.59) 0.21*** (2.8)
0.13*** (2.75) 0.13*** (2.7)
0.17*** (5.32) 0.17*** (5.2)

0.30 (0.17) 0.034 (0.17)
−0.26** (−1.9)

0.32*** (3.0)
0.30** (2.2)
0.079 (0.72)
0.023 (0.20)

−0.13 (−1.0)
0.050 (0.42)

rks 0.33* (1.7)
−0.38 (−0.97)

0.23* (1.8)
−1.8*** (−2.9) −1.9*** (−2.8)

0.09 0.11
14.30 14.30
12.30 12.30
10.00 10.00
9.00 9.00
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Negative binomial regression results for the house-
old demand model are summarized in Table 4. Model
includes all possible covariates, while Model 1 only

onsiders variables that are unrelated to cholera and
accine experience. Coefficient standard errors are
mpirically corrected for the cluster sampling pro-
edure. Average marginal effects, which reflect the
hange in average household demand for a unit change
n a single variable, are summarized in Table 5. Vac-
ine price is highly significant, and there is an average
arginal decrease in stated demand of 0.58 vaccines

er family for a price increase from US$ 0.50 to 1.
espondents residing in the ICDDR,B service area and
TT respondents state that they would purchase fewer
accines for their families; average marginal decreases
re about 1.3 vaccines if given TTT and 0.7 for the
CDDR,B service area. Male respondents and respon-
ents from wealthier families purchase significantly
ore vaccines; average marginal demand increases by

.05 vaccines per US$ 1 increase in monthly per capita

ncome. Average marginal demand decreases by 0.04
accines as respondent age increases by 1 year. As
xpected, respondents with larger families report that
hey would purchase more vaccines. This is true for all

e
m
c
b

able 5
verage marginal effects for household negative binomial regression

ariable (change in variable)

rice (US$; 1 unit US$ 0.50)
ime to think
ale
esident from ICDDR,B service area
ge (yrs)
ducation (category- 0, 1–5, 6–10, >10)a

onthly income per capita (US$ 1 per cap)
umber of infants < age 1
umber of children age 1–5
umber of children age 6–17
umber of adults age >18
ractice Hinduism
holera likely for respondent
holera likely for children
omeone in household has had cholera
nsatisfied with previous vaccine
reats water

-Value in parentheses.
a As opposed to the educational dummy variables used in the negative b

or average marginal effect analysis. The same educational levels are used t
igher education (i.e. 1 = no formal education, 2 = 1–5 years, 3 = 6–10 years
85 (2008) 184–195

ge groups, although the coefficients for the number of
chool-age children are smaller than those for young
hildren or adults.

Interestingly, we find that the number of vaccines
hat respondents say they would purchase increases sig-
ificantly for respondents who believe that cholera is
serious disease for adults or who believe that adults

re likely to contract cholera. However, the coefficients
or these beliefs for children are smaller and less sig-
ificant. The average marginal increase in demand if
espondents believed that cholera is likely for adults is
.2 compared to only 0.25 for the same belief for chil-
ren. This may occur if parents are more risk averse
bout their children’s health than their own (i.e. they
ill purchase vaccines for children even if they do
ot think the disease is serious). Respondents that pre-
iously received a cholera vaccine said they would
urchase more vaccines for their families, unless they
ere not satisfied with the first vaccine. We also find

hat respondents who treat their drinking water gen-

rally report that they would purchase significantly
ore vaccines (average marginal effect is one vac-

ine), indicating common preferences for risk averting
ehaviors.

Household model

Price = US$ 0.50 Price = US$ 1.00

−0.58 (0.000) −0.45 (0.000)
−1.3 (0.000) −1.1 (0.000)

0.84 (.005) 0.71 (0.005)
−0.73 (0.068) −0.62 (0.068)
−0.037 (0.048) −0.031 (0.050)

0.29 (0.098) 0.25 (0.10)
0.045 (0.000) 0.032 (0.000)

−0.12 (0.79) −0.10 (0.79)
0.58 (0.018) 0.49 (0.19)
0.39 (0.012) 0.33 (0.11)
0.55 (0.000) 0.47 (0.000)

−0.07 (0.91) −0.06 (0.91)
1.2 (0.023) 1.0 (0.025)
0.16 (0.66) 0.13 (0.66)
0.25 (0.49) 0.22 (0.49)

−1.2 (0.15) −1.0 (0.15)
0.99 (0.09) 0.84 (0.092)

inomial regression, an education categorical variable is necessary
o differentiate the category variable, which increases from lower to
, 4 = greater than 10 years).
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Each model’s estimated average WTP for vaccinat-
ng all household members including the respondent
s shown at the bottom of Table 4. The estimates of
ousehold WTP are stable among both model specifi-
ations and vary from US$ 9.00 for TTT respondents
n the ICDDR,B service area to US$ 14.30 for NTTT
espondents in the government service area. Consid-
ring the average household has 5.7 members, the
verage household WTP per person varies from US$
.60 to 2.50 depending on location and method of sur-
ey administration.

We can also use separate negative binomial models
o estimate vaccine demand for discrete age groups.
he dependent variable is redefined to represent the
emand for each age group and separate models are
stimated. The estimated average WTP per person for
oung children age 1–5 years (US$ 2.40) is higher than
or school-age children age 5–17 years (US$ 1.20)
nd adults (US$ 1.05). The predicted coverage as a
unction of price for young children, school-age chil-
ren and adults is plotted in Fig. 1 (based on time to
hink results). Fig. 1 shows that the predicted fraction
f young children vaccinated is higher than that for
he other age groups at any price. These findings sug-
est that respondents place more value on vaccinating
oung children than older children and adults.

It is also useful to compare mean WTP estimates
o median WTP estimates. The median WTP by age
roup corresponds to the price in Fig. 1 at which 50%
f an age group population is vaccinated. The median

TP is about US$ 1.00 for young children, US$ 0.05

or school-age children, and US$ 0 for adults. The
airly large differences between mean and median WTP
stimates indicate that there is great heterogeneity in

ig. 1. Predicted coverage rates as a function of price by age group.
– –) Young children (1–4 years), (- -) school age children (5–17
ears), (—) adults (>18 years).
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TP for cholera vaccines among households. In other
ords, there is a large portion of the population that is
nly willing to pay small amounts of money if any for
holera vaccines, while there is also a small fraction of
he population with high WTP. Specifically, although
he estimated average adult WTP is US$ 1.05, we pre-
ict that only about 25% of the adult population would
hoose to buy vaccines at a price of US$ 1.

. Discussion

The contingent valuation study reported here pro-
ides estimates of private demand for cholera vaccines
n Matlab, an impoverished rural area of Bangladesh
here cholera is endemic. Factors associated with vac-

ine demand include age, income, gender, and opinions
bout the severity and likelihood of contracting cholera.
onsistent with prior research in other developing
ountries, we found that hypothetical demand estimates
ere dependent on whether respondents received time

o think about and discuss the purchasing decision with
ther household members [23,24]. The provision of
he time-to-think-treatment reduced average household

TP by about 30%, resulting in a best estimate of aver-
ge household WTP of about US$ 9–10. We prefer the
TT estimates because we believe the extra time and
iscussion is more consistent with actual purchasing
ecisions and reduces enumerator bias.

According to our model estimates, there is consid-
rable heterogeneity in cholera vaccine demand by age
roup. The fraction of young children (age 1–5) vacci-
ated would be higher than that of school-age children
r adults at any price. In addition, the mean WTP per
erson is much higher than the median for all age
roups. This indicates that some households are willing
o purchase vaccines at high prices, while many have
ittle demand even at very low prices.

The stated preference technique is limited by the
nability to validate that respondents would follow
hrough with their stated responses if faced with a real
urchasing decision. While we acknowledge this limi-
ation, we believe that this sample is uniquely suited in
ome respects for using a stated preference method to

alue a cholera vaccine. Because many respondents or
heir family members participated in the 1985 cholera
accine trial, they should be familiar with the vaccine’s
enefits. They should also be aware that the vaccine
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as not 100% effective. In addition, these respondents
ave had experience in participating in other health sur-
eys and should be less prone to enumerator bias and
ea-saying.

The ICDDR,B diarrhea hospital located at the center
f our study site is nationally renowned for excel-
ence in providing free treatment for cholera and other
iarrheal disease. This may result in lower demand
or cholera vaccines relative to other areas in rural
angladesh. In fact, we found that, on average, people

n the ICDDR,B service area expressed less demand for
holera vaccines than those in the government service
rea. But our interviewees in the government service
rea reside within only a moderate distance (within
.5 hours by traditional methods of transportation) of
he ICDDR,B hospital, and many had participated in
rior ICDDR,B studies (though they probably partic-
pated in fewer studies than those residing inside the
CDDR,B service area). As a result, our estimates from
he government service area are also likely affected by
CDDR,B’s imprint. Other communities in Bangladesh
hat experience high incidences in the absence of
CDDR,B services might have higher willingness to
ay for cholera vaccines.

While beyond the scope of this paper, our cholera
accine demand models can be used in combination
ith recent herd protection findings to aid policy devel-
pment. At present, cholera vaccine herd protection
odels are not well defined. Ali et al. [6,7] provide only
ve data points to show the coverage-incidence rela-

ionships based on population clusters that are either
.5 [6] or 2 km [7] in radius. In addition, the 1985
ampaign targeted women and children only; we do
ot know how adult male coverage rates would impact
erd protection results. We are not aware of more com-
rehensive cholera herd protection modeling efforts,
hich might examine how vaccination rates within sub-
roups (e.g. age groups, gender, water and sanitation
ehaviors) effect herd protection.

Ali et al. [7] found that cholera vaccine coverage
ates for women over 15 years were more important
han coverage rates among children for effecting herd
rotection in children less than 2 years (who were not
ligible for the Matlab campaign). As epidemiologi-

al models for cholera vaccine herd protection become
vailable, the demand relationships (e.g. demand by
ge and gender) presented in this paper could aid vac-
ine pricing policy if government and non-profit groups

A

c

85 (2008) 184–195

hoose not to fully subsidize campaigns. Demand,
ncidence and herd protection data could be used
o examine tradeoffs between the number of cases
voided, public investment, and the vaccine price
harged. In addition, one could also examine the poten-
ial for cross-subsidies to enhance herd protection
ffects. Our findings suggest that households would
lace precedence on vaccinating young children; how-
ver, the total cases avoided in the community might be
ncreased by providing incentives to vaccinate women
ver 15 years based on herd protection evidence [7].
e also need to caution that our results are relevant for

stimating demand for the initial period of a cholera
accination campaign. It is likely that vaccine demand
ould decline in following periods as the community
ecomes familiar with herd protection effects and the
ncidence of disease declines for both vaccinated and
nvaccinated persons.

With these reservations, we suggest that a cholera
accination program in the Matlab area could charge
small fee for cholera vaccines and still achieve some
erd protection. Ali et al. [6] observed herd protec-
ion effects at coverage rates as low as 30% of the
arget population and very large effects at coverage
ates greater than 50%. We estimate that a cholera
accination program could achieve a 30% coverage
ate with a user fee of US$ 1.50 per fully vaccinated
ndividual and a 50% coverage rate with a US$ 0.50
ser fee. (Note that these coverage predictions are
or the whole population rather than the targeted sub-
opulation as presented in [6,7].) If poorer households
re co-located with wealthier ones, there is potential
or these poorer households to experience a reduction in
holera incidence when wealthier households purchase
accines even if the poor households do not purchase
accines themselves. However, if the wealthy house-
olds that purchase vaccines are geographically distant
rom poor, high incidence neighborhoods, herd protec-
ion effects accruing to poor households will be less
ignificant. Thus, it is necessary to consider the spatial
atterns of demand to fully understand the potential for
erd protection.
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