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Abstract

Introduction and objective: Dengue virus is a serious global health problem with an
estimated 3.97 billion people at risk for infection worldwide. In December 2015, the
first vaccine (CYD-TDV) for dengue prevention was approved in Brazil, developed by
Sanofi Pasteur. However, given that the vaccine will potentially be paid via the public
health system, information is need regarding consumers’ willingness to pay for the
dengue vaccine in the country as well as discussions related to the possible inclusion of
this vaccine into the public health system. This was the objective of this research.
Methods: We conducted a cross-sectional study with residents of Greater Belo
Horizonte, Minas Gerais, about their willingness to pay for the CYD-TDV vaccine.
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Results: 507 individuals were interviewed. These were mostly female (62.4%) had
completed high school (62.17%), were working (74.4%), had private health insurance
(64.5%) and did not have dengue (67.4%). The maximum median value of consumers’
willingness to pay for CYD-TDV vaccine is US$33.61 (120.00BRL) for the complete
schedule and US$11.20 (40.00BRL) per dose. At the price determined by the Brazil's
regulatory chamber of pharmaceutical products market (CMED) for the
commercialization of Dengvaxia® for three doses, only 17% of the population expressed
willingness to pay for this vaccine. Conclusion: Brazil is currently one of the largest
markets for dengue vaccine and the price established is a key issue. We believe the
manufacturer should asses the possibility of lower prices to reach a larger audience
among the Brazilian population.

Keywords: Dengue, Willingness to pay, Vaccine, Consumers, Brazil
1. Introduction

Dengue is an arbovirosis transmitted to humans by the bite of a mosquito of the Aedes
genus, especially, Aedes aegypti. It is estimated that 390 million infections occur
annually worldwide (Gubler, 2011; Bhatt et al., 2013), with the number of cases of
dengue increasing in frequency and geographic region (Guzman et al., 2010; Brady et
al, 2012; Simmons et al., 2012; Bhatt et al., 2013). Based on mathematical modelling,
the global annual incidence has been estimated at approximately 50 to 100 million
symptomatic cases each year in recent years (Beatty ef al., 2011; Bhatt et al., 2013).
This flavivirus represents an important social and economic impact in most tropical and
subtropical countries, and it is currently estimated that approximately US$5million are
spent annually on hospitalizations related to dengue worldwide (Suaya et al., 2009).
However, this is now likely to be a considerable under-estimate.

Dengue is endemic in Brazil, with a high and increasing incidence in recent years
(Brasil, 2011; Brasil, 2013; Brasil, 2016). In 2015, there were 1,587,080 registered
cases probably due to dengue, 839 deaths and an incidence of 782.6 cases /100,000
inhabitants. In the State of Minas Gerais, there was a demonstrated incidence of 879.8
cases/100,000 inhabitants and 67 deaths (Brasil, 2016). Data released by the National
Information System of Notifiable Diseases (SINAN) demonstrated the occurrence of
2,320,956 and 4,406,767 cases of dengue in the state of Minas Gerais and Brazil
respectively between 2010 to 2014 (Brasil, 2014a). In 2014, more than 150 million
Brazilian reais (US$42.016million) were spent on surveillance, prevention and control
of dengue and chikungunya virus in Brazil (Brasil, 2014b).

Until now, there has not been a specific licensed treatment for dengue, and the
development of effective vaccines against all four serotypes of DENV is an important
strategy to control this flavivirus and significantly contribute to reducing the disease
burden (Webster et al., 2009; Durbin et al., 2011). Common strategies to help control
dengue include preventing mosquitoes from accessing egg-larving habitats, using
environmental management interventions such as removing artificial man-made
mosquito habitats, emptying and cleaning domestic water storage containers, as well as
personal and household protection including applying insecticides (WHO, 2016).
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Recently, the tetravalent chimeric vaccine CYD-TDV from Sanofi Pasteur was
approved for the prevention of dengue in endemic countries including Mexico, the
Philippines, El Salvador, Costa Rica, Paraguay and Brazil (Brasil, 2015; DVI, 2015;
Roland et al., 2015). The disappointing results in individuals under 9 years of age
(Hadinegoro et al., 2015) led to vaccine being indicated for the population 9 years or
older. The resultant approved indication from this first dengue vaccine is for individuals
9 to 45 years (e.g. Brazil) or 9 to 60 years of age (e.g. Paraguay), depending on the
license (WHO, 2016).

CYD-TDV was evaluated during the active phase of surveillance (25 months post-
enrolment) in CYD14 (Capeding et al., 2014) and CYD15 (Villar et al., 2015). As per
the protocol, vaccine efficacy against virologically-confirmed symptomatic dengue
illness was 56.5% (95% CI; 43.8% - 66.4%) in CYD14, assessed in Asia, and CYD15
with 60.8% (95% CI; 52% - 68%) evaluated in clinical trials conducted in Latin
America including Brazil. Sanofi Pasteur recommended the administration of three
doses each six months apart (WHO, 2016). However, the complete duration of vaccine
protection is still unknown (HADINEGORO et al., 2015; WHO, 2016).

The Brazil's regulatory chamber of the pharmaceutical products market (CMED) is
responsible for evaluating and establishing the prices of medicines for
commercialization in Brazil by Resolution n°2 of 5 March 2004, referencing prices for
the same medicines in other countries including Australia, Canada and the United States
(Brasil, 2004). From prices established by CMED, pharmaceutical companies may
apply for incorporation of their products into the national health system by sending a
process submission to the National Commission on Technology Incorporation of the
National Health System (CONITEC) (Brasil, 2008). In this context, endemic countries,
including e Brazil, will have to make important decisions such as the possible
incorporation of this vaccine into their public systems within a context of constrained
budgets. In this scenario, pharmacoeconomic evaluations, such as the assessment of
willingness-to-pay and cost-effectiveness analysis, are important for decision-making
(Palanca-Tam, 2008; Lee et al., 2015).

Willingness-to-pay (WTP) is a relevant methodological approach to estimate the
maximum amount that an individual is willing to allocate to programs, services and
health technologies. It is usually applied in cost-benefit analysis and in health
technology assessment (Haab and Mcconnell, 2002). The lack of available WTP studies
with the Brazilian consumer for a dengue vaccine, and the possible upcoming
vaccination with CYD-TDYV in the country, is a concern given the potential budget
impact and the current economy situation. This study sought to estimate the Brazilian
consumers’ willingness to pay for this vaccine in order to contribute to the debate and
pharmacoeconomic reviews focusing on demand and potential prices for dengue
treatments in Brazil.

2. Material and Methods
This study estimated the willingness to pay of Brazilian consumers towards the CYD-

TDV dengue vaccine through an analysis of contingent valuation, which enables
evaluation of the monetary amount an individual is willing to pay to acquire a certain
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product or service using questionnaires with direct questions. The respondents did not
have the disease at the time of the interview, but they may or may not have had dengue
in the past (Haab and Mcconnell, 2002).

2.1 Design and study location

The survey was conducted in the metropolitan region of Belo Horizonte, capital of
Minas Gerais State, the second most populous state in Brazil. Minas Gerais state has
21,013,869 inhabitants with 2,375,151 inhabitants currently registered in the Belo
Horizonte metropolitan region. In addition, Belo Horizonte and Brazil presented,
respectively, a mean Human Developed Index of 0.810 and 0.737 in 2010 (Atlas do
Desenvolvimento Humano, 2016).

Minas Gerais State is similar to Brazil as a whole for certain aspects including mean
income per capita and socio demographics. Mean income per capita was US$315.97
(1128.00BRL) for Brazil and US$311.76 (1113.00BRL) per month for Minas Gerais in
2015 (IBGE, 2014; Agencia Brasil, 2016). In addition, despite that there being 26 States
in the country, Minas Gerais has one sixth of the Brazilian cities and represents a
relevant epidemiological context for the flavivirus (BRASIL, 2014a; 2016). In addition
n 2013, Minas Gerais was the State with the highest number of dengue cases in the
country (Brasil, 2014a). Consequently, providing a robust sample for the study.

Participants were interviewed using a questionnaire developed by the research team,
based on a literature review (Haab and Mcconnell, 2002; Palanca-Tam, 2008; Lee et al.,
2015). The survey was conducted in May 2016 and the interviewers were undertaken by
graduate and undergraduate students of the Faculty of Pharmacy of the Federal
University of Minas Gerais, trained to conduct interviews and answer possible
questions.

2.2 Data collection instrument

The technique for measuring the willingness to pay is the application of a questionnaire,
with prior presentation to the respondent of all the features of the disease and the
intervention necessary for decision-making, as well as the involved conditions and
important aspects of the clinical context of the disease. To fully implement this
technique, it is essential that all participants have received the same information. This
was assured by specific and intensive training of the interviewers (Haab and Mcconnell,
2002).

The questionnaire was divided in five sections: (1) Questions to understand what the
participants knew about dengue; (2) Information about the disease, intervention and
alternatives for disease prevention; (3) Questions to test the understanding of the
information provided; and (4) Discrete Choice, Bidding Game and Open-Ended
questions (Haab and Mcconnell, 2002). Section 5 consisted of a self-reported
socioeconomic questionnaire. The questions in section (4) were included in order to
assess whether individuals would be willing to pay US$54.05 (180.00 BRL) for the
three-dose scheme of CYD-TDV vaccine as well as obtain an estimate of a range of
values and a point estimate that respondents would pay for the technology.
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US$54.05 for three doses of CYD-TDV for the Discrete Choice technique was
established based on the maximum price for the consumer of the yellow fever vaccine -
US$19.50 (64.92BRL) (Fiocruz Laboratory), established by CMED in 20 July 2016
(Anvisa, 2016).

All questions related to the research context and/or difficulties in completing the
socioeconomic questionnaire were clarified by the interviewers. The information about
the mean effective protection for all four serotypes (approximately 60%), as well as the
possibility of local (e.g. swelling at the site of application and pain) and systemic (e.g.
fever, myalgia, asthenia and headache) adverse events were included in the text read to
all participants in the initial stage of the interview. There was also a figure explaining
graphically the efficacy of the vaccine to aid the dissemination of information.

2.3 Sampling and selection criteria

Interview selection was random. Passers by in major circulation paths, close to parks,
markets and fairs in the metropolitan region of Belo Horizonte were invited to
participate and, if they agreed, answered the questionnaire in the same location.
Considering the scenario with higher uncertainty that is 50% respondents agreeing to
pay the value of US$54.05 (180.00BRL), with a two-sided 0.05 significance, we
calculated a minimum of 400 respondents would be required in this research. .

Individuals could or not have history of dengue, but could not presently have symptoms
or have a diagnosis of the disease at the time of the interview. To be selected,
individuals must have declared that they have an income. Individuals under 18 without
their own income were excluded. In addition, participants who showed willingness to
pay higher than twice the value of their declared monthly income and individuals who
would not use this vaccine, even if it would be free, were excluded from the analysis in
line with previous publications (Lee et al., 2015).

2.4 Data analysis

The willingness to pay for dengue vaccine was estimated by the median of the
maximum declared value by the individuals who were willing to pay any amount
greater than or equal to zero. The median among groups defined by covariates were
compared using the Mann-Whitney test (two groups) or Kruskal-Wallis test (three or
more groups). The significance level was 5%. All socioeconomic variables were
evaluated and the relation with the maximum value of willingness to pay for CYD-
TDV, such as education and income were included. To assess income variation, we
stratified the value of "<3"; "3-10" and "> 10" times the minimum wage, in order to
measure the percentage of individuals for each range.

Furthermore, we measured the frequency of the participants that have or not private
health insurance. According to the National Regulatory Agency for Private Health
Insurance and Plans (ANS), that regulates the private health insurances in Brazil, Minas
Gerais has a coverage of private health insurance of between 20% and 30%, with
5,467,559 beneficiaries in the State in 2014. The coverage in Brazil was 25.2% of the
population (48,824,150 individuals) in March 2016 (ANS, 2016a; b).
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In addition, we further evaluated the relation of willingness to pay by individuals that
had previously had or not dengue. Statistical analysis was performed using Microsoft
Excel 2007, R (R CORE TEAM, 2014) and Minitab 17. For comparison purposes, we
adopted the conversion value established by the World Bank for Purchasing Power
Parities (PPPs) (2015: 1 US$ = 3.330BRL).

2.5 Ethical considerations

All interviews were conducted after reading and signing the Term of Free and Clarified
Consent. All researchers of the project signed a confidentiality agreement prior to the
interviews. This study was approved by the Ethics Committee of the Federal University
of Minas Gerais (COEP) under the CAAE 57219816.0.0000.5149.

3. Results

3.1 Population characteristics

We conducted 507 interviews with individuals aged between 18 and 84 years old who
agreed to participate and answer the questionnaire. The mean age of respondents was

34.6+12.8 years, 37.6% were male, 74.4% were working at the time of interview, and
37.8% had completed higher education (Table 1).

The participants who reported a history of dengue were 32.6%, the utilization of public
health service was reported by 49.3%, and those respondents who reported at least one
dengue case in the household were 43.8%. In approximately 70% of respondents, their
family income was below five times the minimum wage (Table 1).
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Table 1. Characteristics of the respondents
Variable n (%)**
Age in years [mean (SD)] 34.6 12.5%
Men 188 37.6%
Has children 197 (38.9%)
Educational level
Had never attended school 2 0.4%
Complete primary education 46 9.3%
Completed high school 261 52.5%
Complete college or more 188 37.8%
Currently working 372 74.4%
Have health insurance 318 64.5%
Dengue history 162 32.6%
Had dengue and reported having used only the public health 68 49.3%
system
Had dengue and reported having used only a private health 54 39.1%
provider
Had dengue and reported have used both services 16 11.6%
Reported that other people in the household had dengue 212 43.8%
Family income (number of minimal wages)*
<1 8.5%
1-2 15.4%
2-3 15.2%
3-5 20.7%
5-10 22.5%
10-20 7.9%
>20 1.2%

Notes: * 8.6% of respondents refused to answer on family income. **The value of the difference to reach
100% in all questions, are due to answers such as “I do not know” and “I do not want to answer”.

3.2 Willingness to pay for CYD-TDV dengue vaccine

Of the 507 subjects, 7.3% said they would not be vaccinated even if CYD-TDV did not
have any cost. The main reasons for this were efficacy (37.8%) and safety (40.5%). In
addition, only three (8.1%) respondents said they did not use any vaccines and fifty-nine
(11.6%) said they would use this vaccine only if it would be provided free of charge.
Considering these exclusions criteria, 464 respondents were eligible for the WTP

analysis.

Among these 464 individuals, 37.9% were men, 88.8% had completed high school or

more, 39.2% had children, 73.7% were working at the moment of interview, 62.1% had
health insurance and 31.7% had previously had dengue. The participants who reported a
family income up to 10 times the minimal wage were 83.4% (Figure 1).
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Figure 1. Family income of respondents included in analysis of the willingness to pay
for dengue vaccine (Dengvaxia®) in this study
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* NA: Not available - The respondents that answered, “I do not know and I do not want to answer”;
mw = minimal wage

With the application of the Discrete Choice Technique, it was found that 44% of
participants were willing to pay US$54.05 (180.00BRL) for the three-dose regimen of
the vaccine. Of the 190 respondents who had children, 131 (68.9%) were willing to pay
USD$54.05 for CYD-TDV vaccination of their family. Results of the Bidding Game
technique revealed that, in general, the amount the respondents were willing to pay
ranged from US$27.03 (90.00BRL) to US$108.11 (360.00BRL), representing 54.1% of
individuals involved in interview. The minimum and maximum willingness to pay for
three doses of CYD-TDV vaccine were of 0.00 and 1,800.00 BRL.

The willingness to pay for dengue vaccine by the Brazilian consumer was estimated at
the median value of US$36.04 (120.00BRL) for the three-dose regimen or US$12.01
(40.00BRL) per dose. This means that 50% of individuals interviewed reported
maximum values of willingness to pay equal to or less than US$36.04 (Figure 2).
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Figure 2. Cumulative percentage of individuals willing to pay for CYD-TDV vaccine
according to the maximum values reported
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The only variable correlated with willingness to pay with statistical significance (<0.05)
was monthly income (p = 0.003) when stratified as "<3", "3-10" and "> 10" times the
minimum wage, representing family income values under US$739.50 (2,640.00BRL)
(30.8%), between US$792.79 (2,640.00BRL) and US$2,642.64 (8,800.00BRL) (34.1%)
and above US$2,642.64 (6.9%), respectively, per month. Median values of willingness
to pay for these three groups were respectively US$30.03 (100.00BRL) and US$54.05
(180.00BRL) for the highest income groups (Figure 3). As expected, the increase of
family income contributed to a higher willingness to pay, which is logical and
consistent with the published theory (Haab and Mcconnell, 2002).
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Figure 3. Box plot of the willingness to pay for three doses of CYD-TDV according to
family income.
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Discussion

This study sought to estimate the willingness to pay among Brazilian consumers for the
dengue vaccine recently licensed in the country, with the study population having
similarities with the profile of the Brazilian population as a whole. This included certain
characteristics such as higher percentage of women (51.4%), a low percentage of
individuals who have never studied (8.5%) and the percentage of individuals with at
least 11 years of education (41.8%) (IBGE, 2014). The percentage of families in our
study with income less than 5 times the minimum wage was just under 70% (Table 1).
This value was below the Brazilian Institute of Geography and Statistics (IBGE) in their
profiling family in the national context, where the percentage was 87.9%. This might
contribute for a higher median value of willingness to pay for the vaccine compared to
the national population (IBGE, 2014).

In this study, the percentage of respondents who reported having health insurance was
64.5% (ANS, 2016b). The Brazilian private market for health insurance is strictly
regulated by the National Regulatory Agency for Private Health Insurance and Plans,
which works on behalf of the Ministry of Health. Private health insurance can either be
purchased individually or obtained as a work benefit, depending on the employer. The
Brazilians that decide to purchase private health insurance may still access public health
services if they wish or need. The Brazilian public health system, named SUS, was
established in 1988 by constitution in order to guarantee access to health care to the
entire population. The public system maintains primary and outpatient centers,
hospitals, diagnostic laboratories and should provide access to pharmaceuticals
including vaccines (Rizzotto and Campos, 2016).
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The median willingness to pay value for CYD-TDV was US$33.61 (120.00/11.20BRL
dose) for the three-dose scheme and clinical efficacy of 60% (Hadinegoro et al., 2015;
Godoi et al., 2016). The reason for expressing values in medians in willingness to pay
analysis (Palanca-Tam, 2008; Hadisoemato et al., 2013; Lee et al., 2015) is that the
mean is sensitive to outliers, which may contribute to an erroneous perception of what
the population is indeed willing to pay. The median value of US$33.61 shows the
maximum amount 50% of respondents would be willing to pay; however, this does not
represent an estimated average number of people willing to pay for the vaccine
(Buckland et al., 1999).

This study is the first study in Brazil to consider the actual scenario of a possible
vaccination with CYD-TDV with clinical information arising from clinical phase I1I
trials (Capeding et al., 2014; Villar ef al., 2015) and from the 25 months follow-up
study (Hadinegoro et al., 2015). Other studies adopted a hypothetical vaccination
scenario with 100% safety and efficacy and with protection for 10 years and for life, as
seen, respectively, in the studies conducted in the Philippines (Palanca-Tam, 2008) and
Indonesia (Hadisoemato et al., 2013). However, we believe this is an unrealistic
scenario given the current clinical information.

The number of doses used in the studies was also variable. A single dose study was
conducted in the Philippines (PALANCA-TAM, 2008) and Indonesia (Hadisoemato et
al., 2013) and three doses in Vietnam, Thailand and Colombia (Lee ef al., 2015), which
is similar to our study. Among the respondents in our study, 7.3% reported not wishing
to be vaccinated even if the vaccine was free of charge. The same situation happened in
the studies from Vietnam, Thailand and Colombia (Lee et al., 2015).

The willingness to pay of Brazilian consumers of US$33.61 (BRL120.00) is closer to
that observed in endemic countries such as Vietnam and Colombia. This is between the
values found in Vietnam at US$26.13 and the Philippines at US$60.00. The observed
values in Indonesia, Colombia and Thailand and were respectively US$ 1.94, US$22.60
and US$ 69.78. The studies published in the context of willingness to pay for dengue, in
general, considered a hypothetical dengue vaccine with results of efficacy, safety and
protection time better than the results seen with CYD-TDV in phase III clinical trials
(Palanca-Tam, 2008; Hadisoemato et al., 2013; Lee et al., 2015). Consequently, again
questioning the findings.

The Brazil's regulatory chamber of pharmaceutical products market is an inter-
ministerial body responsible for price setting. New-patented innovative products such as
Dengvaxia® are classified as Class I. As a result, manufacturer prices may not exceed
the lowest price in the following markets: Australia, Canada, France, Greece, Italy, New
Zealand, Portugal, Spain or United States of America (Brasil, 2004). However since
CYD-TDV is not marketed in these countries, CMED had no comparison to establish a
price for vaccine in Brazil. On July 25th of 2016, CMED reported that the manufacturer
price for each Dengvaxia® dose in Brazil may vary from US$37.19 to US$38.80
(132.76 to 138.53BRL) according to the States (provinces) tax rates of each of the 26
states of Brazil. For Minas Gerais State, the maximum consumer price is US$37.71
(134.63BRL). Considering the need for three doses of the vaccine to achieve planned
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efficacy, the amount paid for each person vaccinated will be at least US$113.13
(403.89BRL), which represents the willingness to pay of only 17% of the population in
this study.

Mahoney et al (2012) studying the production costs of another dengue vaccine, which is
being developed at the Butantan Institute, found that the production scale (15 million
doses per year) in ten vials should cost around US$0.51 to US$0.65 per vial. When the
quantity produced increases to 60 million doses per year, the cost of production could
potentially fall to US$0.20 per dose. The authors demonstrated that vaccines for
Japanese encephalitis and type A meningitis are available in developing countries at
prices below US$1.00 per dose. This is much lower than consumer prices demanded by
manufacturer in Brazil or established by CMED.

Brazil has a comprehensive immunization program with coverage for an appreciable
number of infections. In future scenarios, we believe public health systems purchasing
the dengue vaccine should assess carefully the cost-effectiveness ratio in combination
with a budget impact analysis, as the efficacy of this new dengue vaccine may be
considered insufficient compared to other vaccines for similar conditions or disease
burden with appreciably lower prices. Comparisons with other vaccines prices and
effectiveness for diseases with similar burden may contribute to political decisions
regarding the possibility of incorporating this technology into public health systems at
acceptable and reasonable prices, bearing in mind the current economic climate in
Brazil and the desire to continue to offer universal healthcare. Such discussions have
grown in recent times driven by the increasing prices for new medicines especially new
cancer medicines and those for orphan diseases, despite costs of research and
production estimated at US$50 to 100 million per compound by some authors (Experts
in Chronic Myeloid Leukemia, 2013; Godman et al 2015; Howard et al., 2015; Tefferi
et al., 2015; Phelan et al., 2014; Bruijin et al., 2016).

In a study conducted in Brazil, Aratjo et al (2016) estimated the potential impact of
vaccination against dengue. In a more conservative scenario, the authors estimated a
22% reduction in cases of dengue (routinely vaccinate up to 9 years old and vaccination
campaign up to 10 years) and 81% in the liberal scenario (routine to 9 years and
vaccination campaign up to 40 years) over 5 years. Furthermore, they demonstrated that
vaccination could reduce 233,000 hospitalizations due to the disease during the
considered period. CYD-TDV was licensed for individuals with age between 9 and 45
years old (Brasil, 2015a). However, it is important to balance this against the potential
budget impact. This especially as it is important to emphasize that all efforts and
strategies for vector control by governments and society will need to continue since the
vaccine has only 60% efficacy, and especially because of other existing arboviruses,
such as Chikungunya and Zika, with Zika related to microcephaly epidemics in Brazil
(Brasil, 2015b).

The contingent valuation is the most common approach to estimate the monetary value
for goods and services from hypothetical questions (Haab and Mcconnell, 2002;
Palanca-Tam, 2008; Hadisoemato et al., 2013; Lee et al., 2015). However, some
limitations are noted such as the respondents may not have full information (e.g.
disease, severity and frequency of symptoms) or that it may simulate a scenario very
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distinct and different compared with the real situation (e.g. efficacy of the intervention).
To avoid such limitations, the questionnaire used must be complete and up to date and
include all relevant situations and conditions related to the intervention or service in the
analysis to avoid possible bias (Boyle, 2003). This study was conducted using efficacy
results extracted from the analysis of 27,355 individuals from 2 to 16 years old
(Hadinegoro et al., 2015). These results was used to grant commercial license to
Dengvaxia® for children as well as adults in Brazil and in other countries (Godéi et al.,
2016). Consequently, helping to address such concerns. Real-world results of the
vaccine are currently missing, which may overestimate the value of the WTP (if
effectiveness is lower), or underestimate the value (if effectiveness is higher — most
unlikely scenario). In addition, the respondent’s willingness to pay were constrained
within the attributes and levels presented in this study. Lastly, the random sample used
may not be fully generalizable to population of Brazil as a whole. However despite
these limitations, we believe our findings do provide guidance to the Brazilian
authorities and the manufacturers of the vaccine on potential pricing and reimbursement
strategies.

In conclusion, despite the limitations regarding income differences between citizens in
Minas Gerais and Brazil as a whole as well as limitations with the sampling method, we
believe this study provides important information about how much consumers are
willing to pay for the CYD-TDV vaccine approved in Brazil to avoid the risk of being
infected. From the price determined by CMED for commercialization of Dengvaxia®
(Minas Gerais) i.e. US$113.13 for three doses, only 17% of the participants involved in
this study were willing to pay for this vaccine, and this from a higher income base than
Brazil as a whole. This is a concern given the current resource constrained environment
in Brazil. We believe based on our study findings, that the manufacturers may wish to
reconsider their pricing strategy. This is because Brazil constitutes one of the largest
markets for dengue vaccine and there are appreciable competing demands on available
resources, especially given the current economic situation in Brazil.

Conflict of Interest Statement:
The authors declare that the research was conducted in the absence of any commercial
or financial relationships that could be construed as a potential conflict of interest.

Acknowledgements

IPG received financial support from CAPES (Coordenagdo de Aperfeicoamento de
Pessoal de Nivel Superior). The write-up was in part supported by a Newton Advanced
Fellowship awarded to Professor Augusto Afonso Guerra Junior by the Academy of
Medical Sciences, through the UK Government's Newton Fund programme.

References
Agéncia Brasil (2016). IBGE: renda per capita média do brasileiro atinge R$ 1.113 em
2015. Available online at: http://agenciabrasil.ebc.com.br/economia/noticia/2016-

02/ibge-renda-capita-media-do-brasileiro-atinge-r-1113-em-2015.

Agéncia Nacional de Saude Suplementar (2016a). Cadernos de Informagdes da Satde
Suplementar — Beneficiarios, Operadoras e Planos. Available online at



—
OO0 DN B W~

AR PEA,PRArDPPA,PE,PDDOWLOWLWWLWLWWWLWLWWWRNRNDNNDNDDNDDNDNDNDN === —
O J AN NHWNNFRPOOVUXOIANNDEWNOD—L, OOV NDE WD, OWOVWOINWUM A WD~

14

http://www.ans.gov.br/images/stories/Materiais_para_pesquisa/Perfil setor/Caderno_inf
ormacao_saude suplementar/2014 mes06 caderno informacao.pdf.

Agéncia Nacional de Saude Suplementar (2016b). Dados Gerais - Beneficiarios de
planos privados de saude, por cobertura assistencial (Brasil - 2006-2016). Available
online at: http://www.ans.gov.br/perfil-do-setor/dados-gerais.

Agéncia Nacional de Vigilancia Sanitaria (2016). Precos Maximos De medicamentos
por Principio Ativo. Available online at:
http://portal.anvisa.gov.br/documents/374947/2829072/LISTA+CONFORMIDADE 20
16-06-20.pdf/af0a54e7-249d-4855-ba%a-419173249967.

Aratjo, D.V., Bahia, L., Rendeiro, M., Pinho, A.S., Genovez, V., Gongalves, T.M.,
Abreu, M. (2016). Estimation of the potential impact of dengue vaccination on clinical
outcomes in Brazil. JBES. 8, 1, 1-13.

Atlas do Desenvolvimento Humano no Brasil. Indicadores no Brasil (2016). Available
online at: http://www.atlasbrasil.org.br/2013/.

Beatty, M.E., Beutels, P., Meltzer, M. 1., Shepard, D. S., Hombach, J., Hutubessy, R.,
Dessis, D. et al (2011). Health economics of dengue: a systematic literature review and
expert panel's assessment. Am J Trop Med Hyg. 84, 473-88. doi: 10.4269/ajtmh

Bhatt, S., Gething, P. W., Brady, O. J., Messina, J. P., Farlow, A. W., Moyes, C. L. et al
(2013). The global distribution and burden of dengue. Nature. 496, 7-
504.doi:10.1038/nature12060

Brady, O. J., Gething, P. W., Bhatt, S., Messina, J. P., Brownstein, J. S., Hoen, A. G. et
al (2012). Refining the global spatial limits of dengue virus transmission by evidence-
based consensus. PLoS Negl Trop Dis. 6: €1760.|doi.org/10.1371/journal.pntd.0001760)]

Boyle, K. J. Introduction to revealed preference methods. Chapter.n.8, University of
Maine. p. 259-267. In: A Primer on Non market Valuation. Edited: Champ, P. A; Boyle,
K. J; Brown, T. C. 2003. Available online at: http://econdse.org/wp-
content/uploads/2016/07/Champ-Boyle-Brown-Primer-on-Nonmarket-Valuation-
2003.pdf

Brasil (2002). Ministério da Satde. Programa Nacional de Controle da Dengue.
Available online at: http://bvsms.saude.gov.br/bvs/publicacoes/pncd 2002.pdf.

Brasil (2004). Camara de Regulacdo do Mercado de Medicamentos. Resolugdo CMED
n°® 2, de 05 de margo de 2004. Available online at
http://portal.anvisa.gov.br/documents/374947/2932039/Resolu%C3%A7%C3%A30+n
%C2%BA+2+det5+de+tmar%C3%A70+de+2004+(PDF).pdf/b6d68347-a134-4465-
a2fl-e5edOcabc747.

Brasil (2008). Portaria n° 2.587, de 30 de outubro de 2008. Available online at:
http://conitec.gov.br/images/Legislacao/Portaria2587 30.10.2008.pdf.


http://h

—
SO OO0 I DN B W~

AP PEAPRADAPA,PE,PDEDUWLOWLWWLWLWWLWLWLWWWWNRNDNNDNDNDNNDNDDNFE ===
OJ AN NHWNNFRPROOUXOIANNDEWNOD—L, OOV NDEE WD, OWOVOINWUM AW~

15

Brasil (2013). Ministério da Saude. Secretaria de Ciéncia, Tecnologia e Insumos
Estratégicos. Departamento de Ciéncia e Tecnologia. Dengue Diagnostico e Manejo
Clinico Adultos e Criangas. Ministério da Saude, Secretaria de Vigilancia em Saude,
Diretoria Técnica de Gestao. — 4. ed. — Brasilia: Ministério da Saade, 80 p. Avaliable
online at:
http://bvsms.saude.gov.br/bvs/publicacoes/dengue diagnostico manejo clinico adulto.
pdf

Brasil (2014a). Casos de Dengue. Brasil, Grandes Regides ¢ Unidades Federadas de
1990 a 2014. 2014a. Available online at
http://portalsaude.saude.gov.br/images/pdf/2015/julho/29/Dengue-at---2014.pdf.

Brasil (2014b). Portaria n°® 2757 de 11 de dezembro de 2014. Dispde sobre o repasse do
Piso Variavel de Vigilancia em Satde de recursos para qualificagdo das agdes de
vigilancia, prevencao e controle da dengue e chikungunya. 2014b. Available online at
http://bvsms.saude.gov.br/bvs/saudelegis/gm/2014/prt2757 11 12 2014.html.

Brasil (2015a). Anvisa registra primeira vacina contra dengue no Brasil. Available
online at:
http://portal.anvisa.gov.br/wps/content/anvisa+portal/anvisa/sala+de+imprensa/menu+-
+noticiast+anos/2015/anvisa+tregistra+primeira+vacina+contra+dengue+no+brasil.

Brasil (2015b). Plano Nacional de Enfrentamento a Microcefalia. p.123. Available
online at:
http://www.crianca.mppr.mp.br/arquivos/File/publi/saude/microcefalia_ministerio da s
saud 2015.pdf

Brasil (2016). Ministério da Satde. Taxa de Incidéncia de Dengue no Brasil. Available
online at: http://dados.gov.br/dataset/taxa-de-incidencia-da-dengue

Bruijn, W., Ibafiez, C., Frisk, P., Pedersen, H. B., Alkan, A., Bonanno, P. V. et a/
(2016). Introduction and Utilization of High Priced HCV Medicines across Europe;

Implications for the Future. Frontiers in pharmacology. 2016;7:197. doi:
10.3389/fphar.2016.00197

Buckland, S.T., Macmillan, D.C. (1999). Estimating mean willingness to pay from
dichotomous choice contingent valuation studies. The Statistician. 48, 109-124.

Capeding, M. R., Tran, N. H., Hadinegoro, S. R. S., Ismail, H.I, Chotpitayasunondh, T.,
Chua, M. N. et al (2014). Clinical efficacy and safety of a novel tetravalent dengue in
healthy children in Asia: a phase 3, randomized, observer-masked, placebo-controlled
trial. The lancet. 384, 1358-1365. doi: http://dx.doi.org/10.1016/S0140-6736(14)61060-
6

Dengue Vaccine Initiative (2015). Statement by the dengue vaccine iniciative on the
Philippines Regulatory Approval of Sanofi Pasteur’s Dengue Vaccine, Denguevaxia®.
1-2. Available online at:
http://www.denguevaccines.org/sites/default/files/Statement%20by%20the%20Dengue



—
SO OO0 DN B W~

A B PArPRARDAPDPEAPDWLWLWWLWLWLWWLWWWRNRDNNDNDDNDNDNDNDNDN == — -
N AN DA WNOD—L,OOVOITNNIE WD PO OO NDE WD, OOVOINWUM AW~

16

%20Vaccine%?20Initiative%200n%20Philippines'%20FDA%20Regulatory%20Approva
1%2001%20Dengvaxia.pdf

Durbin, A.P., Whitehead, S.S (2011). Next-generation dengue vaccines: novel strategies
currently under development. Viruses. 3,800—14. doi: 10.3390/v3101800

Experts in Chronic Myeloid Leukemia (2013). The price of drugs for chronic myeloid
leukemia (CML) is a reflection of the unsustainable prices of cancer drugs: from the
perspective of a large group of CML experts. Blood. 121, 4439-42. doi: 10.1182/blood-
2013-03-490003

Godman, B., Malmstrom, R. E., Diogene, E., Gray, A., Jayathissa, S., Timoney, A. et
al (2015). Are new models needed to optimize the utilization of new medicines to
sustain healthcare systems? Expert Rev Clin Pharmacol. 8, 77-94. doi:
10.1586/17512433.2015.990380.

Godoi. I.P, Lemos, L. L. P, Araujo, V. E., Bonoto, B. C., Godman, B., Guerra Junior, A.
A. et al (2016). CYD-TDV Dengue Vaccine: Systematic Review and Meta-Analysis of
Efficacy, Immunogenicity and Safety. J. Comp. Eff- Res. 1-20. Accepted for publication
(November 2016).

Gubler, D.J (2011). Dengue, Urbanization and Globalization: The Unholy Trinity of the
21(st) Century. Trop Med Health. 39, 3—11.doi: 10.2149/tmh.2011-S05

Guzman, M. G., Halstead, S. B., Artsob, H., Buchy, P., Farrar, J., Gubler D. J. et a/
(2010). Dengue: a continuing global threat. Nat Rev Microbiol. 8, S7T-S16. doi:
10.1038/nrmicro2460.

Haab, T., Mcconnell, K (2002). Valuing Environmental and Natural Resources.
Cheltenham: Edward Elgar Publishing Limited.

Hadinegoro, S.R., Arredondo-Garcia, J. L., Capeding, M. R., Deseda, C.,
Chotpitayasunondh, T., Dietze, R. ef a/ (2015). Efficay and Long-term safety of Dengue
Vaccine in regions of endemic Disease. N Engl J Med. 13, 1195-1206.doi:
10.1056/NEJMoal506223

Hadisoemarto, P, Castro, M.C (2013). Public Acceptance and Willingness-to-Pay for a
Future Dengue Vaccine: A Community-Based Survey in Bandung, Indonesia. PLoS
Negl Trop Dis. 7, 1-11. doi: 10.1371/journal.pntd.0002427

Howard, D. H., Bach, P. B., Berndt, E. R., Conti, R. M. (2015). Pricing in the Market
for Anticancer Drugs. J Econ Perspect 29, 139-62. doi: 10.1257/jep.29.1.139.

Instituto Brasileiro de Geografia e Estatistica. Sintese de Indicadores Sociais:Uma
Andlise das condi¢des de vida da Populagao Brasileira. p.214.2014. Available online at:
http://biblioteca.ibge.gov.br/visualizacao/livros/liv91983.pdf.



—
SO OO0 IO DN B W~

AP PEAPRArDAPE,PE,PDDOWLOLWWLWLWWWLWWWWNRNDNDNDNDDNDDNNDNDDN === -
OJ AN NHWNNFRPOOVUXIANNDDEWNOD—P, OOV NDE WD, OWOVWOINWUM AW~

17

Lee, J.S., Mogasale, V., Lim, J K., Carabali, M.. Sirivichayakul, C., Anh, D. D. et al
(2015). A Multi-country Study of the Household Willingness-to-Pay for Dengue
Vaccines: Household Surveys in Vietnam, Thailand, and Colombia. PLoS Negl. Trop.
Dis. 9: 1-15.doi: 10.1371/journal.pntd.0003810

Mahoney, R.T., Francis, D.P., Frazatti-Gallina, N.M., Precioso, A.R., Rawc, 1., Watlerd,
P. et al (2012). Cost of production of live attenuated dengue vaccines: A case study of
the Instituto Butantan, Sao Paulo, Brazil. Vaccine. 30, 4892-4896.doi:
10.1016/j.vaccine.2012.02.064

Mcarthur, M.A., Sztein, M. B., Edelman, R (2013). Dengue vaccines: recent
developments, ongoing challenges and current candidates. Expert Rev Vaccines.12, 53-
933.doi: 10.1586/14760584

Palanca-Tan, R. (2008). The demand for a dengue vaccine: A contingent valuation
survey in Metro Manila. Vaccine. 26, 914-923.doi: 10.1016/j.vaccine.2007

Phelan M., Cook C (2014). A treatment revolution for those who can afford it? Hepatitis
C treatment: new medications, profits and patients. BMC Infect Dis. 14, Suppl 6:S5.doi:
10.1186/1471-2334-14-S6-S5

R Core Team (2014). R: A language and environment for statistical computing. Viena:
R Foundation for Statistical Computing. Available online at: http://www.R-project.org/

Rizzoto, M. F. L., Campos, G.W.S. (2016). The World Bank and the Brazilian National
Health System in the beginning of the 21% century. Sauide Soc. 25, 263-276. doi:
10.1590/S0104-12902016150960.

Roland, D., Bisserbe, N/ (2015). Mexico Approves Sanofi’s Dengue Vaccine But
Pricing Questions Remain. The Wall Street Journal. Available online at
http://www.wsj.com/articles/mexico-approves-sanofis-dengue-vaccine-but-pricing-
questions-remain-1449676613.

Simmons, C.P., Farrar, J. J., Chau, N. V., Wills, B. (2012). Current concepts: dengue. N
Engl J Med. 366, 1423-1432.

Suaya, J. A., Shepard, D. S., Siqueira, J. B., Martelli, C. T., Lum, L. C. S, Tan, L. H. et
al (2009). Cost of dengue cases in eight countries in the Americas and Asia: a
prospective study. Am J Trop Med Hyg. 80, 846-55.

Tefferi, A., Kantarjian, H., Rajkumar, S. V., Baker, L. H., Abkowitz, J. L., Adamson,
J. W. et al (2015). In Support of a Patient-Driven Initiative and Petition to Lower the
High Price of Cancer Drugs. Mayo Clinic proceedings Mayo Clinic. doi:
10.1016/j.mayocp.2015.06.001

Tilak, R., Ray, S. C. S., Tilak, M. G. V. W., Mukherjiet, A. C. S. (2016). Dengue,
chikungunya ... and the missing entity - Zika fever: A new emerging threat. Med J
Armed Forces India. 72, 157-63. doi: 10.1016/j.mjafi.2016.02.017



—
SO OO0 IO DN B W~

—_ = —
W N —

18

Villar, L., Dayan, G. H., Arredondo-Garcia, J. L., Rivera, D. M., Cunha, R., Deseda, C.
et al (2015). Efficacy of a tetravalent Dengue Vaccine in Children in Latin America. N
Engl J Med. 372, 113-123.doi: 10.1056/NEJMoal411037

Webster, D.P (2009). Progress towards a dengue vaccine. Lancet Infect Dis. 9, 87-678.
doi: 10.1016/S1473-3099(09)70254-3

World Health Organization. Dengue Vaccine: WHO position paper — July 2016.
Weekly epidemiological record, n.30, p. 349-364, 2016. Available at URL:
http://www.who.int/immunization/policy/position_papers/WHO position_paper dengu
e 2016 _references.pdf



