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ABSTRACT

In 2019, Bangladesh has grappled with a record-breaking surge in dengue fever, experiencing the highest
number of dengue cases since the year 2000. Together, the intensification of dengue fever combined with
a lack of dengue vaccines and appropriate medicines is expected to further the public and government’s
interests in appropriate and potential dengue vaccines to control the epidemic. We considered people’s
characteristics, dengue experience, and knowledge to assess their willingness-to-accept (WTA) and will-
ingness-to-pay (WTP) for a hypothetical dengue vaccine and ex-post treatment in Bangladesh (June-
July 2019). This study implemented a contingent valuation (CV) method with 3,251 respondents in 10
different locations of Bangladesh. All respondents participated in a hypothetical dengue vaccine scenario
consisting of 65% (vaccine A), 80% (vaccine B), and 95% (vaccine C) effectiveness levels with three doses of
each vaccine and ex-post dengue treatment. Around 71.2% of respondents were willing to pay for at least
one of the hypothetical vaccines: A, B, or C. The average WTPs of the three vaccines amounted to US$ 47.0,
US$ 66.0, and US$ 89.0, which were defined as the total cost of the doses necessary to obtain immunity. In
Bangladesh, there is a significant demand for low-priced dengue vaccines, which was proven by people’s
higher acceptance of vaccination practices. Though dengue vaccines are not yet available in Bangladesh,
this study provides significant support that both the government and private sectors should work
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together to develop a reliable and affordable dengue vaccine.

Introduction

Dengue disease is an Aedes type mosquito-borne viral disease
that has rapidly spread around the world, particularly in
Asia,”* and it currently accounts for significant morbidity
and mortality in Bangladesh. The dengue virus is conducted
to humans by infected female mosquitoes, predominantly
those from the Aedes aegypti (Ae. aegypti) species, and there
are four distinct viral strands: DEN-1, DEN-2, DEN-3, and
DEN-4> (DEN-The dengue virus). In recent decades, the inci-
dence of dengue disease has increased dramatically; the World
Health Organization (WHO) estimates that 52% of the people
at risk live in Asian and Latin American countries.*” Globally,
390 million cases have been reported to the WHO in recent
years, of which 96 million manifests clinically," with 3.9 billion
people in 128 countries® being at risk for infection with dengue.
The dengue disease burden increased by 30 times in the past
50 years that reported in the Asia-Pacific region.”””
Bangladesh, a country in South Asia that is bordered by
India and Myanmar, experienced its first epidemic of dengue
fever in 2000, and since then, records have been updated
each year.'” The dengue disease is characterized by annual
outbreaks (Figure 1). From 2000 to 2017, there were 40,476
cases recorded, with 49.7% of cases occurring from May to
August and 49.2% from September to December.'' However,
since 2017, these trends have been changing. The country

suffered a large-scale outbreak again in 2018, with more than
10,000 infections and 17 deaths. Then, in the deadliest scenario
to date, 77,230 infections and 197 deaths (of which 101 were
confirmed) were recorded between January 1% and
September 9™ of 2019 (Health Emergency Operation Center
and Control Room, DGHS, Bangladesh) (Figure 1(A)).
Sharmin et al.'* have shown that 92% of the dengue cases in
Bangladesh took place between August and September, and
that 94% of the cases were in the capital city, Dhaka. Overall in
Bangladesh, most dengue cases are associated with the inter-
mittent rainy season, rapid and unplanned urbanization, high
population density, and uncontrolled mosquito populations
that are characterized by a high density of larva and pupa.
Vaccines are the safest and most effective way to control risks
from well-known infectious diseases, and they also have the long-
est-term therapeutic value. Researchers are currently investigating
several promising dengue vaccines, with several of these in devel-
opment and testing stages.'>'* The world’s first dengue vaccine —
Dengvaxia by Sanofi Pasteur — was licensed in 2015 and has been
commercially introduced in 11 countries: Mexico, Philippines,
Indonesia, Brazil, El Salvador, Costa Rica, Paraguay, Guatemala,
Peru, Thailand, and Singapore.'”>*° The dengue vaccine provides
countries with a new way of preventing the spread of dengue, and
WHO-SAGE”' recommends that countries’ health authorities
consider vaccination as a part of their dengue control
programs.”> However, Dengvaxia has been associated with
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Figure 1. (A) Combined bar and line graph to show the number of reported
dengue cases from 2000-2019 (blue color bar chart presents dengue cases and
red color line graph shows death cases). The dengue cases (blue) with death (red)
for 2019 (January1*-September oth) is represented by an inset diagram. (B) Map
of Bangladesh indicating dengue-affected people in 64 districts from January 15—
September 9™ 2019 (health emergency operation center and control room,
DGHS, Bangladesh) and survey locations (black-filled circle).

enhanced disease in subjects who have not been exposed to dengue
virus; thus, for countries considering vaccination as part of their
dengue control program, the World Health Organization recom-
mends a pre-vaccination screening strategy as the preferred
option, in which only dengue-seropositive persons are
vaccinated. Recently, Takeda’s vaccine verified protection against
virologically confirmed dengue, and the vaccine trials ended.*>**
However, a vital policy question that arises in this context is
whether the vaccine should be distributed privately or publicly. If
individuals are to pay for the vaccine, a central question is what an
appropriate price to pay would be for individuals in low- or
middle-income developing countries such as Bangladesh.
Alternatively, if the vaccine is to be administered through
a public program, it would be important to assess the trade-off
between the social burden of dengue infections and the social
benefit of preventing them. Our research attempts to quantify
the willingness-to-pay (WTP) for dengue vaccines and ex-post
treatment by suggesting three different vaccinations with varying
levels of effectiveness.

From a socio-economic-demographic perspective, we eval-
uate people's demand and acceptance considering vaccination
effectiveness, existing treatment facilities, and cost burden to
prepare for the possible introduction of a dengue vaccine in
Bangladesh. To quantitatively analyze individual benefit and
demand for dengue vaccine and treatment, we employ contin-
gent valuation (CV), a well-established method for assessing
respondent’ monetary valuations in terms of WTP or WTA.*
To date, several studies have assessed WTP for the dengue
vaccine, showing acceptance for the future vaccine in relation
to countries’ economic and demographic characteristics:
Palanca-Tan et al”® in Metro Manila (Philippines);
Hadsoemarto et al.*” in Bandung (Indonesia); Harapan et al.?®
in Aceh (Indonesia); Lee et al.*® in Vietnam, Thailand and
Colombia; Godoi et al®® in Brazil; Yeo et al®' in Penang
(Malaysia); Dhiman et al*? in Nepal; Lam et al.®® in
Philippines; and Zheng et al.>* in ten countries in Asia and
Latin America. Besides, treatments as well as medical services
have been studied by researchers.>>® Moreover, to evaluate
individual as well as country risks from dengue disease, case-
control (CC) and test negative (TN) studies have been con-
ducted by Pang et al.,”” Gibson et al.*® and Nealon et al.*

In countries other than the ones mentioned above, it is
important to assess the WTA and WTP values for vaccines
(with varying levels of effectiveness) and treatment policies.
Bangladesh is one such country; to date, no study like this has
been conducted for Bangladesh. Thus, this study will evaluate
the current situation in Bangladesh to provide relevant infor-
mation to the government, the public, and manufacturers to
develop guidelines for a future dengue vaccine.

Methodology
Study variable

To evaluate vaccine acceptance and its accompanying factors,
we used two key variables, willingness-to-accept (WTA) and
willingness-to-pay (WTP), throughout our study.

WTA

To evaluate whether one accepts vaccination (treatment), we
defined WTA. WTA is estimated based on the respondent’s
response (“Yes” or “No”) to the direct question of whether they
would accept the vaccination. WTA is represented by the
percentage of respondents who answered “Yes” to the question
of whether they would accept the vaccination.

wrpP

In this study, we measured arguably the most important
factor, WTP, to understand and show how the public
would perceive a future dengue vaccine. WTP is the max-
imum estimated price at or below which an individual
would be willing to purchase a good or service, and in
this case, a dengue vaccine. The iterative bidding method
was applied to find the hypothetical rather than actual
WTP, followed by the CV method. The mean WTP is
calculated by summing the maximum bidding prices, and
the median WTP is calculated by assessing the price at
which half of the respondents would agree to purchase



the vaccine. We conduct an analysis for both the mean
and median WTP using parametric and non-parametric
estimation.

Study design

To assess individual demand, feasibility, and WTP for
hypothetical dengue fever vaccines and treatment, we admi-
nistered a set of survey questionnaires. A cross-sectional
contingent valuation (CV) method with dichotomous choice
via a bidding game approach was adopted to quantify the
WTP of each respondent for three hypothetical dengue
vaccines (Vaccines A, B, and C) and for ex-post treatment.
The effectiveness, or probability of acquiring perfect immu-
nity, was set for each vaccine as 0.65 (65%), 0.80 (80%), and
0.95 (95%). We fixed the lowest effectiveness (65%) based on
earlier clinical trial results that have previously been pre-
sented by Hadinegoro et al.*’ for the case study of Latin
America and Asian countries (65.6% effectiveness). Then, we
assumed two more effectiveness for future dengue vaccine.
Ex-post treatment was defined as medical care given to
a person infected by the dengue virus. We presumed four
(five) pre-assigned bidding prices (Figure 2) for the follow-
ing provisions: Vaccine A, Vaccine B, Vaccine C, and
Treatment T, where four are pre-assigned fixed bidding
prices and one is an open-ended price. Before conducting
the survey, we performed an online pilot test in which 230
respondents participated. The respondents were contacted
individually. Subsequently, we finalized the interview-based
questionnaire, bidding price, and effectiveness via an open-
ended group discussion.

The main survey was performed over 10 days from
July 13-22, 2019, by ten interviewers (enumerators) in ten
different locations. The respondents were questioned face-to-
face by trained enumerators, who possessed undergraduate and
master's (MS) degrees from local universities. The enumera-
tors were provided with day-long trainings that included
detailed explanations about dengue disease, questionnaire
techniques, and the role of enumerators. They were also
given appropriate compensation for their work on the survey.
All people above the age of 17 years old were considered as
survey respondents.

Next section
A:US$60 No
:ﬂ:iﬁo Yes  a:ussos No Next
Yes /| T:uss10 e 34bid section
T:Us$235
A:USS35
B:US$60
C:Us$70 Yes
T:US$95
No A:UsS$18
B:US$30 No Open bounded
o NN No | Openbound Next
T:Us$50 Yes (Maximum) section

Next section

Figure 2. Double-bounded dichotomous choice and bidding game approach
presented for elicitation of WTP amount. Since there was no previous data
about the cost of the dengue vaccine available in Bangladesh, the starting bid
(A-US$ 35, B-USS 60, C-USS$ 70, and T-US$ 95) was established by referring to
some previous studies and tests online. Here, No indicates an unwillingness to
pay and Yes indicates WTP.
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Population, sites selection, and data collection

The survey involved personal interviews (the subjects were
selected randomly using social connections) in ten different
locations: the capital (Dhaka), cities, and villages in Bangladesh.
The ten sites were selected (Figure 1(B)) in accordance with the
goals of the research. For example, we chose to include both
urban and rural areas as well as those with low and high levels of
previous dengue transmission. Respondents were eligible to par-
ticipate in the interview-based survey if they had been residing in
one of the respective places for more than 2 years. Furthermore,
as much as possible, enumerators randomly selected respondents
from different social backgrounds in terms of age, social status,
education, income, and residence. To conduct the survey, enu-
merators visited respondents at their home, workplace, hospital,
educational institute, and on the street. We did this to provide an
in-depth, comprehensive picture for acceptance and WTP for the
dengue vaccine (treatment). Four of the ten enumerators were
deployed to the capital (Dhaka), while six went to other districts
comprising urban areas and villages.

Capital

Dhaka is the capital city, in the center of Bangladesh. It is also
the largest and most densely populated city*' in the world; its
population was 18.2 million*” in 2016. Annually, dengue cases
are reported across the country, but 94% of cases between 2000
and 2017 were from Dhaka,'"'* which is classified as a highly
epidemic region. For this reason, we appointed four enumera-
tors to conduct the census in four locations in Dhaka: Jatrabari,
Khilgao, Mirpur, and Lalbagh/Azimpur.

Urban areas and villages

Six enumerators randomly selected respondents in urban areas
and villages in six of the 64 total districts in Bangladesh:
Mymensingh, Bogra, Pabna, Kushtia, Magura, and Feni. In
terms of the geographic distribution of the study areas
throughout the country, Mymensingh is in the north; both
Bogra and Pabna are in the northwest; Kushtia and Magura
are in the southwest; and Feni is in the southeast.

Survey questionnaire

The survey performed through face-to-face interviews
by trained enumerators, with each interview lasting
15-20 minutes. The survey’s structured questionnaire con-
sisted of four sections. The first section included socio-
economic demographic questions on age, gender, occupation,
education, marital status, income, health, and other personal
characteristics and also asked questions about previous experi-
ence with dengue. The second section probed respondents’
dengue fever knowledge and prevention practices. The third
section inquired about the current vaccination situation and
the possibility of future vaccine acceptance.

Finally, section four provided some fundamental information
about the three hypothetical dengue vaccines (A, B, and C)
including vaccine effectiveness, number of doses, and side
effects. This section also described ex-post treatment, which
included taking medications or receiving medical care as an
ultimate provision following dengue infection. The costs of the
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treatment included any hospitalizations, drugs, and follow-up
visits or examinations.

The fourth section also constructed the CV scenario, asking
the WTP question to assess dengue vaccine acceptance after
offering three provisions (A, B, and C) and treatment (T). For
example, the WTP question was worded as follows: “Would
you be willing to pay US$ 40 per dose for a dengue vaccine?”
For respondents who were not willing to pay any amount for
the vaccine or treatment at the specified prices, an additional
set of question probed their reasons for refusal. The last section
of the questionnaire inquired about respondents’ independent
choices to take any provisions from A, B, C, and T.

The final form of the survey questionnaire, which was in
English, was translated into the Bangla language. Results from
the pilot program and discussion period were not considered in
this analysis. The total number of respondents was 3,251. In SI
(supplementary information), the questionnaire is included in
both languages.

CV method

We used the contingent valuation (CV) method to estimate the
WTP for a future dengue vaccine and for dengue treatment
facilities in Bangladesh. In general, in a CV study, the WTP
question has two folds: a dichotomous choice (DC) question
and an open-ended question. Questions in the DC format were
simple “yes/no” questions about whether respondents would pur-
chase the vaccine (treatment) at a given price. At every bidding
stage, if the respondent said “yes,” the next higher price was
offered in the next choice and if they said “no” to the lower
price given. To conclude, an open-ended question probed the
respondents’ maximum WTP amount for the dengue vaccine
(treatment).

This survey employed four classes of CV tests. The first
three tests pertained to the three types of vaccination based
on effectiveness (Vaccine, 65%; B, 80%; and C, 95%) and the
final test pertained to treatment burden. The bidding process
with the CV method detailed in Figure 2 demonstrated the
double-bounded dichotomous choice by asking for two or
three bids, followed by an open-ended question that requested
the maximum WTP for each provision.

Statistical analysis

Assuming that there are three vaccines with their associated
levels of effectiveness and one treatment, a result was considered
to be statistically significant if the P-value was smaller than 0.05.
ANOVA was used to analyze respondents’ characteristics;
descriptive and inferential statistics have been stated as percen-
tages and means and include standard deviations where applic-
able. ANOVA is a form of statistical hypothesis testing used in
the study of survey data; it is calculated from the null hypothesis
and the sample. The test outcome is said to be statistically
significant presuming the truth of the null hypothesis. This
study also shows both parametric and non-parametric estimates
of the mean WTP and WTA for three dengue vaccines based
solely on the sample survey data. All statistical data were ana-
lyzed using visual c++ and MS-excel tools.

Results
Willingness-to-accept

Socio-demographic profile

Table 1 summarizes socio-economic demographic character-
istics. Among respondents, the mean age was 32.07 years, and
44.9% of them were 21-30 years old. We had slightly more
male respondents (61.7%). The majority were living in the
capital city of Dhaka (51.3%), were married (54.4%), and had
a household monthly family-accumulated income of US$181-
US$355 (42.3%). Respondents with no formal or primary
education were 16.1%’ those who passed secondary level
(6-10) were 13.7%; those with some college-level education
were 25.1%; those who completed university or above were
45.2%. Around 37.5% of respondents mentioned that they
had experienced dengue fever themselves or that family mem-
bers or friends had suffered from it. There were a few respon-
dents (3.2%) who reported that someone they knew had died
from dengue.

Dengue disease knowledge and prevention practices
Table 2 presents respondents’ knowledge about ten areas
where dengue fever is prevalent, and each item has the options

of “yes,” “no,” or “don’t know” for an answer. Almost all

Table 1. Respondents’ socio-demographic profile of dengue vaccine acceptance
(n=3251).

Characteristics Number of respondents [n (%)]

Area

Village 749 (23.0)
City 1110 (34.2)
Capital 1392 (42.8)
Gender

Male 2006 (61.7)
Female 1245 (38.3)
Age (Mean 32.07)

<20 411(12.6)
21-30 1459 (44.9)
31-40 716 (22.0)
41-50 383 (11.8)
51< 282 (8.7)
Marital Status

Single 1400 (43.1)
Married 1770 (54.4)
Divorced 22 (0.7)
Widow/Widower 59 (1.8)
Education

>Primary 523 (16.1)
Secondary 445 (13.7)
College 815 (25.1)
University< 1468 (45.2)
Occupation

Student 1095 (33.7)
Unempl./Housewife 811 (25.0)
Service (G/P) 732 (22.5)
Self-empl./Business 561 (17.3)
Retired/Pensioner 52 (1.6)
Income (Household)

< US$180 886 (27.3)
US$181-355 1374 (42.3)
US$356-590 662 (20.4)
US$591-890 197 (6.1)
US$891 < 132 (4.1)
Previous Dengue experience

Yes 1220 (37.5)
No 2031 (62.5)
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Table 2. Respondents’ socio-demographic profile of dengue vaccine acceptance (n=3251).

Dengue disease knowledge
answer; either Yes or No)

(correct
Yes [n(%)]

No [n(%)]

Don’t know [n(%)]

1. Dengue disease is transmitted by Aedes 2911 (89.5) 64 (2.0) 276 (8.5)
mosquitoes (Y)

2. Aedes mosquitos bite during early 1803 (55.5) 524 (16.1) 924 (28.4)
morning and late evening only (Y)

3. Aedes mosquitos breed and lay eggs in 1549 (47.7) 713 (21.9) 989 (30.4)
stagnant clear water only (Y)

4. One person can contract dengue disease 437 (13.4) 1524 (46.9) 1290 (39.7)
more than once in a life time (Y)

5. Children are more prone to contracting 2007 (61.7) 433 (13.3) 811 (25.0)
dengue fever (N)

6. Dengue fever can be fatal (Y) 2884 (88.7) 165 (5.1) 202 (6.2)

7. Every person with dengue fever requires 709 (21.8) 744 (22.9) 1798 (55.3)
a blood transfusion (N)

8.There are specific medicines that can cure 1087 (33.4) 839 (25.8) 1325 (40.8)
dengue disease (N)

9. There is an available vaccination that can 976 (30.0) 811 (25.0) 1464 (45.0)
protect against dengue disease (N)

10. Is the dengue vaccine available in your 299 (9.2) 1140 (35.1) 1812 (55.7)

area? (N)

Dengue prevention practice Never [n(%)]

Occasionally [n(%)]

Sometimes [n(%)] Often [n(%)] Always [n(%)]

1.We clean and scrub water containers in our 53 (1.6) 191 (5.9) 1081 (33.3) 859 (26.4) 1067 (32.8)
house.

2.We remove water from items such as 370 (11.4) 343 (10.6) 715 (22.0) 787 (24.2) 798 (24.6)
unused tires and empty cans or bottles.

3. We buy insect repellent for our family 697 (21.4) 343 (10.6) 715 (22.0) 757 (23.3) 739 (22.7)
members.

4.We use mosquito bed nets and window 169 (5.2) 151 (4.6) 609 (18.7) 724 (22.3) 1598 (49.2)
screens in our house.

5.We limit our outdoor activities during early 2346 (72.2) 303 (9.3) 354 (10.9) 124 (3.8) 124 (3.8)

morning and late evening.

Vaccination attitudes and acceptance Strongly disagree

Disagree [n(%)]

Neutral [n(%)] Agree [n(%)] Strongly agree

[n(%)] [n(%)]
1.1 think vaccination is important for disease 29(0.9) 76(2.3) 333(10.2) 615(18.9) 2198(67.6)
prevention.
2.All vaccines registered with the Bangladesh 43(1.32) 118(3.63) 429(13.20) 737(22.7) 1924(59.2)

Ministry of Health (MOH) are safe.
Very unlikely [n(%)]

Somewhat unlikely [n(%)]

Undecided [n(%)]  Somewhat likely [n(%)] Very likely [n(%)]

3. If a 100% safe and fully protective dengue 38(1.2) 72(2.2) 202(6.2) 236(7.3) 2703(83.1)
vaccine were provided free by the
government, how likely is it that you
would vaccinate yourself?

4. How would you best describe the dengue 248(7.6) 1310(40.3) 657(20.2) 114(3.4) 922(28.4)

treatment in your area?

Social media [n(%)] Newspaper/Television [n(%)] friends/family [n(%)]
1814(55.8)

How did you obtain information about 607(18.7)

dengue disease?

| don’t know [n(%)]

724(22.3) 106(3.3)

people reported knowing that Aedes mosquitoes (89.5%) are
responsible for dengue fever and that the disease can be fatal
(88.7%). Around half of the respondents were knowledgeable
about when Aedes mosquitos are active (55.5%) and their
breeding places (47.7%). Many respondents either responded
incorrectly or did not know the answer to the remainder of the
six questions.

Table 2 also displays the dengue prevention behaviors
practiced by individuals in response to five-scale questions:
never, occasionally, sometimes, often, and always. The major-
ity of people reported engaging in the following actions:
regularly cleaning (question #1); buying insect repellent
(question #2); and using bed/window nets (question #3).
However, most people also reported that they did not limit
outdoor activities during the early morning and late evening
hours, which would help them avoid being bitten by mosqui-
tos (question #4).

Vaccination attitude and acceptance

Our summarized results show that the respondents’ atti-
tudes toward the reliability of vaccination in preventing
disease were relatively optimistic (Table 2). Also, the major-
ity of people reported that they would trust a registered
vaccine in Bangladesh approved by the Ministry of Health
(MOH). Furthermore, respondents were most likely to
accept a 100% safe and fully protective dengue vaccine
that was provided free by the government. Unfortunately,
most respondents were either unsatisfied or unfamiliar with
the dengue treatment options in their own area. Finally,
this study discovered that 55.8% of respondents claimed to
be informed about dengue disease as a result of information
in newspapers and on television; 22.3% of the respondents
learned about it from friends or family members; and the
remaining respondents obtained the information from
social media (18.7%).
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Socio-demographic relationships with dengue knowledge
and prevention practices

Notably, dengue knowledge and engaging in prevention practices
were associated with individual socio-demographic characteristics.
The proportion of correct answers for dengue knowledge (score)
and prevention practices (score) by respondent characteristics is
depicted in Figure 3. As expected, respondents with previous
dengue experience obtained a higher proportion of correct
answers with respect to dengue knowledge and prevention prac-
tices (purple). The relationship between dengue knowledge and
education/income presented with an increasing tendency
(Figure 3(A)). However, in the relationship to prevention practices
(Figure 3(B)), higher income and education levels showed fluctu-
ating tendencies. The respondents’ age and occupation variables
were not significant. Comparing the villages, cities, and capital, the
respondents living in the capital (Dhaka) had higher dengue
knowledge and more regularly engaged in preventive practices.
Opverall, it can be concluded that respondents who reported higher
education and income, lived in the capital region, and had pre-
vious dengue experience were more likely to have knowledge
about dengue and engage in prevention practices.

Willingness to pay

Respondent’s characteristics: socioeconomics, knowledge,
and attitude

Figure 4 displays synopses of the three vaccine-
effectiveness and treatment scenarios. It also shows the
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Figure 4. Statistics of WTP of respondents, classified by socio-demographic
characteristics: (A) Gender, (B) age, (C) area, (D) marital status, (E) education, (F)
occupation, (G) income, and (H) dengue experience. Values with *, **, and ***
refer to statistical significance with a level 5%, 1%, and 0.1%, respectively.

statistical summary of WTP (sample mean, median, 25"
and 75" percentiles, and 95% confidence interval) in rela-
tion to sociodemographic characteristics of respondents
for a three-dose vaccine and treatment. The summarized
results showed that the respondents were more likely to
pay for vaccine C; in other words, the WTP for vaccine
C was higher compared with other provisions. Moreover,
the respondents with higher education level, divorced,
government or private sector employee or students, upper-
income family, lived in the capital and previous dengue
experienced were, with statistical significance, more likely
to pay for vaccine and treatment. On the other hand, the
following respondents had a lower WTP: those residing in
small cities, those with only a secondary-level education;
those who were unemployed/housewives or self-employed
in a small business; and those who were without previous
dengue experience.

Meanwhile, a two-way ANOVA was conducted to exam-
ine the effect of respondents’ socio-demographic character-
istics, knowledge, prevention practices, and vaccine attitudes
on mean WTP amount. There were statistically significant
interactions in all groups except in the gender and age groups
(see SI/Table SI1-SI4). Regarding the ANOVA results in SI, it
is notable that when respondents had more dengue knowl-
edge, prevention practices, and more positive vaccine atti-
tudes, it had a significant effect on their WTP amount.



Socio-demographic cross analysis

Table 3 shows the summary of the statistical analysis (p-values)
of the cross-relation between respondents’ demographic char-
acteristics (area, income, education, occupation, experience, and
age) influencing the average WTP of vaccines A, B, and C. We
can confirm that there were some combinations in which not
only one (highlighted by blue) but both factors (highlighted by
green) were more significant than 5% We plotted the respective
two-directional bar chart in Figure 5 that shows the mean WTP
amount based on two-factor significance (highlighted by green
in Table 3). Respondents those who lived in the capital and had
higher income or described themselves as “students” in terms of
current social status (perhaps their family background was
upper-class) had quite a high WTP for any vaccine: A, B, and
C. Interestingly, respondents having previous dengue experience
with younger people (younger than 30 years) offered a higher
WTP for vaccine B.

Cost-effectiveness analysis

Figure 6(A) shows the results for the WTA and the mean WTP
for each provision (A, B, C, and T) with some statistical
information at a glance. The percentage of respondents who
accepted the dengue vaccines was estimated at 41.4%, 30.5%,
and 54.8% for vaccines A, B, and C, respectively. The added
value, 71.2% (represented by the thin, dashed gray line), indi-
cates the percentage of respondents selecting any preemptive
vaccination(s) when presuming the WTA setting. Vaccine C,
which is the most effective and has the highest cost, is most
favored. This is followed by Vaccine A, which is the least
effective with the lowest cost. Vaccine B is least favored. In
accordance with basic economic theory, more individuals
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accepted vaccines for lower cost and reliability (effectiveness)
and for higher cost and reliability. This may be because the two
vaccines have extreme specifications in terms of quality (high
or low) and cost (high or low), and both vaccines will meet the
differing preferences of differing consumers. In contrast,
a vaccine with intermediate specifications (Vaccine B in this
case) shows less preference in comparison. In this sense, the
result obtained here seems reasonable.

Another notable finding is that there was a gap between the
mean and median WTP for Vaccine C that was much larger
than the one between mean and median WTP for Treatment.
This may be because the decisions of several affluent people
pulled up the average WTP for Vaccine C. By contrast, less
affluent or even poor people would choose Treatment, deflat-
ing both the average and median WTP at the same time.

Individual demand analysis (WTP)

Observed WTPs for vaccinations differed from one respondent
to another. Figure 6(B) shows the distribution of cumulative
acceptance of percentages below which each of the vaccina-
tions is purchased. As discussed in the previous section,
Vaccination C has a flatter tail than does Vaccines A or
B. Many people are attracted to Vaccine C because of its high
reliability. However, most people (i.e., those who are not afflu-
ent) would not be able to afford it. Affluent people, on the other
hand, would not be deterred by the surplus and could afford
the high cost for Vaccine C.

The result shown here has serious implications for the real
world. Considering the average income in Bangladesh,
a surplus of US$80-100 for a vaccination would not really be
affordable for the average person on the street, although the

Table 3. ANOVA analysis (p-value) of multiple factors of respondents’ socio-demographic conditions on willingness to pay for vaccines A, B, and C. Values
with *, **, and *** refer to statistical significance with a level 5%, 1%, and 0.1%, respectively. Green, blue, and white colors mean that both factors were

significant, only one factor was significant, and none were significant, respectively.

Area Income Education Occupation Experience Age
0.00866** 0.24331 0.02586* 0.42916 0.53418 Area
0.0065** 0.00871%* 0.00074%*** 0.01007* 0.00707%**
0.17648 0.2838 0.27056 0.5429 Income
0.05545 0.0204* 0.00278* <0.0007**
0.43309 0.4595 0.27225 Education
0.41968 0.05497 0.26498
0.92069 0.99013 Occupation
0.245 0.2427
0.5287 Experience
0.40597
0.1631 0.36044 0.01246* 0.29512 0.4386 Area
0.00883** 0.02362* <0.0007*** 0.01467* <0.0001
0.48451 0.10171 0.37887 0.15389 Income
0.01272* 0.01654* 0.00653**
0.0979 0.06688 0.17952 Education
0.07847 0.04379* 0.03451*%
0.05642 0.87193 Occupation
0.06396 0.3465
0.00287** Experience
0.00035%***
0.04446* 0.14408 0.02088* 0.2789 0.12943 Area
0.00243** 0.00049%** <0.0007*** 0.00243** <0.0007***
0.17355 0.12852 0.40722 0.36318 Income
0.00982** <0.0007*** 0.00064*** <0.0007***
0.82087 0.16816 0.16364 Education
0.00556** 0.05942 0.00035%***
0.2619681 0.84254 Occupation
0.24009 0.0323*
0.46538 Experience

0.0727
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Figure 5. Bar chart of mean WTP for respondents’ groups categorized according
to two attributes; (A) vaccine A for occupation vs. area, (B) vaccine A for income vs.
area, (C) vaccine B for occupation vs. area, (D) vaccine B for age vs. experience, (E)
vaccine C for occupation vs. area and (F) vaccine C for.

observed, average WTP is equivalent to this value. This result
suggests that governmental intervention in the form of
a subsidy program would be needed to protect the population
from the risk of dengue.

Cost-effective implementation in relation to the epidemic
model

In recent years, the so-called vaccination game (e.g.,
a mathematical epidemic model such as SIR that is juxta-
posed with evolutionary game theory has been introduced
to quantitatively predict the final sizes of epidemics, pre-
emptive vaccination coverage, and the total social cost.
These exercises lend quantitative information as evidence
for building up public health policy. It would be mean-
ingful and informative if the results of this study could be
connected to the predictive results from vaccination game
models.

Let us consider two vaccination models by Kuga et a
and Kabir et al.* The first model*”® describes the social
dynamics that result from an individual deciding whether to
commit to a vaccination in advance of a single epidemic
season. It then relies on SIR dynamics to reproduce how
a disease spreads through the population. At the end of
a one season, an individual is allowed to refresh his or her
strategy for the next season and either obtain the vaccination
or not depending on what happened in the most recent
season. If an individual is fortunate and others cooperatively
commit to vaccination, he or she might be able to be a herd
immunity free rider, paying neither the disease cost nor the
vaccination cost but still being protected from infection. In
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Figure 6. (A) Statistical summaries of respondents’ mean WTP, WTA for vaccines A,
B, and C, and treatment T. (B) Histogram of respondents’ WTP for hypothetical
vaccinations indicating willingness to accept the vaccine.

such a case, he or she becomes a non-vaccinator in the next
season. Considering all of these mechanisms and social
dynamics, the model quantifies how many people commit to
vaccination (vaccination coverage) at social equilibrium after
repeating many seasons.

On the other hand, the second model** focuses on how
vaccination coverage evolves and a disease spreads in one
single season, in which an individual would be pushed to
vaccinate depending on the size of the epidemic, vaccination
coverage, and vaccination cost. These results would differ from
those of the previous model.

Figure 7 compares two models as a heat map of vaccination
coverage drawn on the two-dimensional plane of relative vaccina-
tion cost (C,) versus vaccine effectiveness (e). Figure 7(A) is
redrawn from Figure 6, in which the acceptance of each of the
three effectiveness levels (e = 0.65, 0.80, and 0.95) was shown,
which is interpreted as vaccination coverage. The observed WTP
is interpreted as the vaccination cost. To identify the relative
vaccination cost (C,), or the normalized vaccination cost, we
presumed the maximal “cost burden” reported by Ref.** Panels
(b) and (c) resulted from the two aforementioned models, pre-
suming the relative vaccination cost as the fraction of vaccination
cost to the disease cost [43,45]. The heat maps that result from
those two models, originally ranging from 0 < e <1 and from
0 < G, <1, are partially focused to draw panels (b) and (c),
respectively.
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and (C) single-season epidemic model.*

Discussion

This study successfully assessed the acceptance (WTA) and
WTP value for three hypothetical dengue vaccines (Vaccines
A, 65% effectiveness; B, 80% effectiveness, and C, 95% eftec-
tiveness) in the capital city and in rural areas in Bangladesh.
Our results indicated that a reasonable fraction of our sample
(71.2%, see Figure 6(A)) was willing to accept the dengue
vaccines, suggesting that implementation is feasible. The per-
centages of respondents that accepted (WTA) the dengue vac-
cines were associated with the levels of effectiveness: 41.4% (A),
30.6% (B), and 54.8% (C), respectively. Our results, in terms of
WTA, are similar to those of recent community-based studies
in Aceh (77.3%)* and Bandung (94.6%)*” Indonesia; the
Philippines (75%);*® Colombia (88.6%);* and Vietnam
(77.3%).° Furthermore, most respondents who refused to
accept any vaccines reported that they would prefer to have
free vaccinations from the government or an insurance com-
pany (61.6%). Around, 15.1%, 12.7%, and 10.6% of respon-
dents reported that they would prefer more prevention
practices and scientific evidence or that they could not afford
the vaccine, respectively.

The adjusted mean estimated WTP for the hypothetical
dengue vaccines A, B, and C were US$ 47.00 (US$ 15.70/
dose), US$ 66.00 (US$ 22.00/dose), and US$89.00 (US$ 29.7/
dose), respectively, when respondents in Bangladesh were pre-
sented with the hypothetical three-dose vaccines. The mean
estimated WTP amount for the dengue vaccines in this study
(US$15.70, US$ 22.00, and US$ 29.70 per dose) can be com-
pared to those from the Philippines (US$ 27-32/dose);*
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Malaysia (US$ 28.26/dose);>® Colombia (US$ 30.45);* and
Vietnam (US$ 24.46/dose).”” These seem comparable, given
the similar GDPs of the countries in 2018: Bangladesh
(274.03 billion); Philippines (330.85 billion); Malaysia
(354.35 billion); Colombia (279.62 billion); and Vietnam
(241.27 billion). On the other hand, the estimated WTP
amount obtained in this study was lower than Thailand’s (US
$ 47.26)* and higher than Indonesia’s (US$ 1.94-4).2728 We
should be careful, however, about comparing our findings with
those of other countries, since we introduced more than one
hypothetical vaccine (in terms of effectiveness) unlike the pre-
vious studies mentioned above, and our CV settings were
different.

From the standpoint of public health, the three most
important issues in the current discussion are dengue-
related knowledge, prevention practices, and vaccine atti-
tudes. One of the things we found in the survey is that one’s
level of knowledge about dengue is positively correlated with
one’s acceptance of preemptive vaccination and with one’s
WTP. Thus, any governmental program would absolutely
need to enlighten people that dengue is a communicable
disease. In other words, it would need to strongly emphasize
that dengue is not like influenza. It is a resident (human)-to-
vector infection that can cause deadly epidemics. This
approach would increase the chance that the introduction of
a new vaccine would be socially acceptable. Also, the huge gap
between the average and median WPT for Vaccine C implies
that a governmental intervention is strongly needed. This
could be realized, for instance, through a subsidy program
to incentivize the average person to obtain the vaccination.

The increase in dengue disease in Bangladesh along with the
lack of available vaccines is likely to motivate the government
to construct advanced medical facilities to treat the disease.
This study’s estimated WTP for treatment provides valuable
information about how much money people are willing to pay
for treatment, including all medical and non-medically related
costs. The estimated WTP amount suggests an economic bur-
den (not disease cost) of dengue fever that depends upon
human decisions, a country’s healthcare system, and one’s
social status. The government of Bangladesh is planning
a feasibility study into importing Dengvaxia against the dengue
virus from Sanofi.”’ The proportion of the private economic
burden of dengue fever was highest in the low-income group
and lowest in the high-income group. Thus, the authority will
introduce either free/subsidize vaccines or privately available
costly vaccines.

In this study, we found that 80.6% of respondents were
supportive of accepting dengue fever treatment as an ex-post
provision. As an alternative provision to vaccination (mutually
exclusive), only 35.0% agreed to obtain treatment. Respondents
who refused to accept treatment (69.4%) mostly expressed that
they wanted to receive free treatment from the government or
insurance companies. Another 18.6% and 10.2% were willing
to naturally recover or had an insufficient budget, respectively.
Nevertheless, 47.9% of respondents in this study mentioned
that they were not satisfied with the current dengue treatment
in their respective area.

The mean estimated WTP for treatment in this study was
US$ 55.0, while the median WTP was US$ 48.0. Similar to
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vaccine cases, the estimated WTP was associated with an indi-
vidual's social-demographic characteristics, dengue knowl-
edge, prevention practices, and vaccine attitudes. Those with
higher education levels, student or pensioner status, upper
income status, a residence in the capital, and previous dengue
experience expressed that they would pay high prices for treat-
ment. Hence, this study sheds light on how much of the
population could be helped if the government were to subsidize
dengue treatment costs and how decision-makers might allo-
cate subsidies across different socio-demographic groups.
Moreover, this study also provides manufacturers and private
medical clinics with a more comprehensive picture of people's
perceptions of dengue fever treatment.

An interesting finding is that the most favored among the
four provisions was Treatment T. This can be explained as
follows. People recognize that a vaccination is a preemptive
provision, while a treatment is an ex-post one. Thus, people
may want to avoid committing to a vaccination because of its
cost, risks, and inconvenience. However, people also perceive
the threat posed by dengue fever, and if only one of the four
preferences is allowed (see Figure SI4), they will opt for the
best way to protect themselves, which is Vaccine C. In con-
trast, if they are allowed to choose any of the four options,
they do not choose preemptive vaccinations but opt for the
ex-post treatment instead. Ex-post treatment incurs the bur-
den of cost, risk, and cumbersomeness only when a person is
infected, which is not a guaranteed outcome. Therefore, peo-
ple might prefer to delay the timing of their decision, which
allows for the possibility of avoiding any cost burden until the
end of the epidemic season. An additional explanation to be
noted is that people might assume, over the course of the
questionnaire, that ex-post treatment is not an either-or pro-
vision (in the way that committing to a vaccination is), but
that it is rather inevitable and is a provision with no alter-
natives. If this is the case, most people would respond that
they “favor” treatment vis-a-vis vaccinations. If this is the
case, it is worth questioning whether the results for treatment
should be treated in the same manner as those for preemptive
vaccinations.

Several limitations of this study should be acknowledged.
First, our study did not consider any specific dengue vaccines
because no dengue vaccine is officially available in Bangladesh.
This study was designed to explore demand as a WTP value for
three hypothetical vaccines. Second, the participants were ran-
domly recruited using social connection; the heterogeneous
sampling from the population may have resulted in under or
overrepresentation of certain groups. Also, the representation
of confirmed cases was relatively low that could be considered
as a limitation. Third, due to the retrospective data collection
scheme, there could be some recall bias. Finally, it is also
possible that some participants may have overvalued or biased
due to massive media coverage and pro-or anti-vaccine
sentiment.

First of all, as a general tendency, the decrease in vaccina-
tion coverage that takes place with increasing cost is fully
shared by both the field survey and the model predictions,
which is not surprising. Secondly and more importantly, we
must note that the tendency suggested by the field survey that

higher vaccination coverage would be associated with either
higher or lower vaccine effectiveness cannot be reproduced in
either of the two models. Interestingly, though, the first model
considers repeating epidemic seasons and shows a higher
(lower) vaccination coverage with lower (higher) effective-
ness, whereas the second one considers just a single season,
and the time-evolution shows the inverse tendency. It sug-
gests a lower (higher) vaccination coverage with a lower
(higher) effectiveness. One justification for this is that the
setting of repeating seasons in the first model allows indivi-
duals to learn about the best strategy after reflecting on what
happened in the previous season. Thus, when the vaccination
becomes more reliable, people have more faith in their ability
to free ride on herd immunity while incurring no vaccination
costs, as a result of a strong social dilemma situation. On the
other hand, in the context of the dynamics of one single
season, people behave in a more myopic way, not directly
considering the possibility of free riding and instead focusing
on how many people are being infected and vaccinated right
now. To this end, they favor committing to vaccination with
an increase in its reliability.

Obviously, the respondents in the present survey were asked
about their own actions and preferences irrespective of what
others are doing. Thus, these respondents could not have
imagined the possibility of free riding on herd immunity, at
all. Also, we should note that the reasons for the relatively
higher vaccination coverages being observed in our survey’s
higher and lower effectiveness settings differ from the reasons
for the higher vaccination coverages predicted in panel (b) and
(c). More importantly, any of the previous models (relying on
an analytical approach) presumed a homogeneous population
approaching a threshold of obtaining the vaccination, despite
the fact that noise effects somehow reproduced individual
variance. The reality might be quite different from what is
suggested by the current survey results, which sheds some
light on directions for forthcoming studies.

Conclusion

In this study, we aimed to quantitively estimate people's pre-
ferences and the mean WTP amount for dengue vaccines. We
conducted an interview-based questionnaire survey and
employed a contingent valuation method with a bidding game
approach. Our statistical analyzes suggest that higher WTP
amounts were associated with respondents’ social characteristics
and knowledge about dengue. Additionally, this study sheds
light on some private economic benefits as well as people’s
perceptions of dengue disease, vaccines, and treatments. Our
results suggest that a private market for the dengue vaccine may
exist in Bangladesh. Even when vaccines were costly, there was
some demand for vaccines in private markets. For lower-income
groups with lower WTPs, decision-makers could implement
a subsidization policy along with nationwide campaigns to
enlighten the population about dengue risks. Finally, our results
also found some potential cost-effectiveness relationships for the
vaccine WTAs compared to the results of the vaccination game
models. These findings could inform the direction of new mod-
eling efforts over the next few years.
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