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Abstract

Background: Malaria is an infection caused by protozoa of genus Plasmodium, considered one
associated with increasingly large outbreaks. Methods: A cross-sectional study was conducted
with residents of the northern region of Brazil, on the willingness to pay (WTP) for a hypothetical
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vaccine against malaria (effective protection of 80%). Results: Of 616 people interviewed, most
interviewees were female (61%) and were employed (97%). The median individual maximum
WTP for a hypothetical malaria vaccine was US$11.90 (BRL 50). Conclusion: The Northern region
of Brazil is one of the largest markets for a malaria vaccine, due to its epidemiological relevance.
Consequently, economic studies will be important to assist in the assessment of the potential
price and value of new vaccines.

Keywords: Malaria; willingness to pay; vaccine; Brazil; contingent valuation.

(Accepted for publication — Journal of Comparative Effectiveness Research).

1. INTRODUCTION

Malaria is an acute febrile infectious disease caused by protozoa of the Plasmodium ge-
nus, and transmitted to humans by the bite of the female mosquito of the Anopheles genus [1,
2, 3]. In Brazil, three species are associated with malaria known as Plasmodium vivax, Plasmo-

dium falciparum and Plasmodium malariae [4].

The World Health Organization (WHO) considers malaria to be one of the most serious
and complex health problems [5]. Data from the Pan American Health Organization (PAHO)
showed that 219 million cases of malaria were reported in 90 countries in 2017, with 435,000
deaths due to malaria infections [6]. According to the Ministry of Health in Brazil, between Jan-
uary 2018 and March 2018, 50,877 new cases of malaria were reported in Brazil, while in the
same period in 2019, 31,872 cases were recorded in which 99.6% were concentrated in the Am-
azon region, representing a 38% reduction in occurrence. This reinforces the importance of the

government's efforts and initiatives to assist in the reduction of cases [7].

Overall, 194,271 cases of malaria were recorded in Brazil in 2018. Of these cases, there
were 191,721 new cases identified in the Northern region, 45,705 of which were in the state of
Pard alone, representing 23.8% of the cases the region [8], with the highest number of cases in
the country. The presence of several factors are associated with the proliferation of the trans-
mitting vector in Northern Brazil. These include high temperatures and increasing deforestation

in recent years [9].

Malaria is characterized as a symptomatic infection with manifestations such as fever,
sweating, headaches, myalgia, nausea and vomiting [1, 10]. In Brazil, malaria treatment is avail-

able free of charge throughout the country as part of Brazil's publicly funded health care system,
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Unified Health System (SUS). For patients with malaria, medicines such as artemisinin, lumefan-
trine, mefloquine and artesunate are used to help control the clinical manifestations. Other

treatments include chloroquine and primaquine [10].

The National Immunization Program (PNI) created in 1973 by the Brazilian Ministry of
Health has as its main objective the reduction of infections in the country Consequently, it offers
immunobiological products according to the vaccination calendar and instigates information
campaigns and other activities [11]. PNI is considered one of the most important Brazilian pro-
grams, and through PNI, 44 products have been made available including vaccines, serums and
immunoglobulins. 96% of the vaccines and 100% of the serums provided by the program are
produced in Brazil helping to keep costs down [12]. Diseases with high endemic potential, such
as malaria, are usually combated with the use of vaccines; however, to date, no effective vaccine

for malaria exists [13].

In 2019, the Brazilian Ministry of Health, together with the Bill and Melinda Gates Foun-
dation, allocated RS 10.2 million (BRL) and USS 1 million, respectively, to conduct research
aimed at the diagnosis and treatment of malaria, integrated and selective vector control and
health promotion. In addition, in Brazil R$ 35,556,780 (BRL) was made available involving 24
states, with the objective of contributing to activities of prevention, control and elimination of
malaria and surveillance actions for visceral leishmaniasis and Chagas disease [14]. Research has
been initiated to search for therapies that are safe and effective against malaria [15-16] as well
as the potential for future vaccines [17]. The development and commercialization of a vaccine
against malaria, with affordable prices for the population living in endemic areas, is necessary
to enhance control and eradication against this infection, which represents an increasing public

health burden, with the prospect of significant cost savings for SUS in the future.

In recent years, several research programmes and studies have been conducted to
develop a safe and effective vaccine for malaria prevention [18-19]. Among candidate vaccines,
the most advanced vaccine is Mosquirix (RTS,S/AS01), This vaccine is Phase lll clinical trials in-
cluding 15,459 volunteers in seven countries (Burkina Faso, Gabon, Malawi, Mozambique,
Ghana, Tanzania, Kenya) [20, 21]. Overall, Mosquirix has been in development since 1987, with
additional Phase lll clinical trials have been conducted in recent years [21-22]. Studies indicate
a schedule of administration in three doses, with a six-month interval, followed by a booster
dose at the eighteenth month [21, 23]. In addition, the vaccine is designed to immunize only
against Plasmodium falciparum [24, 25] and showed an efficacy of 55.8% in children (5-17
months) and 31.3% in babies (6-12 weeks), observed at 12 months [25, 26]. After 18 months,
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there was a reduction in this protection to 28.3% and 18.3%, in these respective groups [27].
However, with the application of a booster dose, the effectiveness was increased to 39.0% in
children (5-17 months) [20, 28]. Despite presenting limited effectiveness, RTS, S/AS01 has been
shown to induce immunological resistance in vaccinated individuals and to have contributed to

36% reduced hospital admissions [21].

In Brazil, for a new pharmaceutical product to be placed on the market, registration
with the National Health Surveillance Agency (ANVISA) is essential through validating its quality,
efficacy, and safety [29, 30]. After registration, the Medicines Market Regulation Chamber
(CMED) is responsible for defining the maximum prices for commercialization in the private mar-
ket [31-32]. In their evaluation, CMED undertakes a survey of prices in a number of countries
including Australia, Canada, France, Greece, Italy, New Zealand, Portugal, Spain, and the United
States of America. The maximum price in Brazil cannot exceed the lowest price in these coun-
tries [38]. Following pricing negotiations, pharmaceutical companies can request that their prod-
ucts be included in the list of items made available by SUS. The pharmaceutical company re-
sponsible for the technology submits a series of documents to be evaluated by the National
Technology Commission (CONITEC). Within this, CONITEC considers several studies involving an-
alyzes of efficacy, safety and cost-effectiveness to inform decision-making about the value of
this new technology for the SUS and, consequently, the Brazilian population [32]. This includes

willingness-to-pay (WTP) studies [31, 34].

The Brazilian private market for health insurance is regulated by the National Regula-
tory Agency (ANS) for Private Health Insurance and Plans, which works on behalf of the Ministry
of Health [35]. Private health insurance can either be purchased individually or obtained as a
work benefit. The Brazilian people that decide to purchase private health insurance may still
access public health services if they wish or need [36]. Having said this, Brazil has one of the
largest and most complete public health systems in the world, treating basic patients to those
with more complex needs including organ transplantation [37]. Despite this, SUS has some
acknowledged weaknesses. Importantly, long waiting times for consultation with a specialist
means that many patients purchase private health plans to ensure timely access to health care
[38]. There are also concerns with the routine availability of medicines in the public healthcare

system.

Considering the future possible introduction of vaccine for malaria, a WTP study was
proposed to examine the potential value of a vaccine for malaria from the Brazilian consumers

perspective. Such an approach aims to estimate the maximum individual value to be allocated
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to a program, medical intervention or specific treatment, in order to more fully examine its mon-
etary valuation. This type of study provides an opportunity to gauge the potential market value

of such an intervention, in addition to supporting possible future decision-making [31, 39-40].

2. MATERIAL AND METHODS

A WTP study using contingent valuation was conducted to measure the maximum
amount a person would be willing to offer for a hypothetical malaria vaccine [41]. A question-
naire was administered which required respondents to be provided with information regarding
the characteristics of the intervention, as well as the condition and aspects relevant to the clin-
ical context, before answering WTP questions [39]. To ensure transparency and comparability,
it was essential that all participants received the same guidelines through training of all inter-

viewers [31, 39, 41].

A guestionnaire (see Supplementary Material) with open and closed questions was
developed by the researchers building on previous WTP studies involving licensed vaccines in
Brazil [31] as well as hypothetical vaccines for Chikungunya [42] and Zika [34]. The questionnaire
also built on previous publications [31, 42, 34). In addition, the information about the mean
effective protection for this hypothetical vaccine (80%), as well as the possibility of local (e.g.,
swelling at the site of application and pain) and systemic (e.g., fever and headache) adverse

were included in the questionnaire.
2.1 Study design and location

The survey was conducted in ten cities (Abaetetuba, Baido, Belém, Itupiranga, Jacund3,
Maraba, Parauapebas, Rondén do Pard, Sdo Domingos do Araguaia and Sdo Jodo do Araguaia)
in the state of Para, the ninth most populous state in Brazil, which in 2018, had 8.5 million in-
habitants. The state of Pard is the most inhabited state in the Northern Region of Brazil which
also presented the fourth worst Human Development Index (HDI) in the country, 0.698 [43]. In
2018, the region's average per capita monthly income was US$233.24 (863 BRL) [44,45]. The
Northern region was chosen for this research since, as mentioned, it has the highest malaria

registration rate (99.62%) in Brazil with Para being one of the most endemic states [8].

The interviews were conducted by undergraduates of health courses, mainly by students
of the Bachelor of Public Health course from the Federal University of the South and Southeast
of Para (UNIFESSPA). All interviewees were trained by the researcher responsible for this study

(IPDG) according to recommendations from previously published studies [31, 34, 41, 42, 46, 47].
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2.2 Data collection instrument

The WTP technique involves the application of a questionnaire with a presentation to
the respondent to the characteristics of the disease and the hypothetical intervention of inter-
est. As mentioned, it was reinforced that it was essential that all participants received the same

information [31, 34, 39, 40, 46, 47].

The questionnaire was divided into five sections: (1) Questions to test participants'
knowledge regarding malaria; (2) Information about the disease, intervention and alternatives
for prevention of the disease; (3) Questions to assess the understanding of the information pro-
vided; (4) Discrete Choice, Bidding game and Open-Ended questions [39] which included ques-
tions to identify whether individuals would pay USS 23.77 (100 BRL) for the single dose of the
hypothetical malaria vaccine, as well as questions to estimate the range of values that individu-
als would be willing to pay for the vaccine. Section five of the questionnaire included demo-

graphic and socioeconomic questions.

For the discrete choice technique, a value of USS 23.77 (100 BRL) was established for
a single dose of the vaccine for the prevention of malaria based on a series of surveys, analyzing
the price List of CMED and from the factory price (PF) of vaccines in Brazil. It is noteworthy that
Brazilian drugstores, as well as laboratories, distributors and importers, cannot charge more for
medicines and vaccines above the price established by CMED. In addition, the list of maximum
prices allowed for the sale of medicines/vaccines is made available for consultation by patients
on a monthly basis [33]. This study selected the value of (100 BRL/Discrete Choice) considering
a price observed, in general, for some vaccines (e.g. yellow fever) applied to the private market

[48].

All questions related to the research context or difficulties in understanding any as-
pects applied to the interview were clarified by the interviewers beforehand. This included in-
formation related to the transmission, prevention and clinical manifestations of malaria and the
effectiveness of the hypothetical vaccine (80%). Additionally, after providing context about ma-
laria, a vaccine and the research question, some questions were asked to verify if the partici-
pants fully understood the content of the study. In addition, it was clarified during the interview
that the vaccination scheme would be a single dose. An illustrative figure was used to facilitate

understanding of the percentage of protection of the hypothetical vaccine against malaria.

2.3 Selection criteria and data collection
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The selection of the respondents was performed in a random manner, and involved
individuals from high circulation areas such as shopping mall, markets, fairs and squares. If there
is a greater uncertainty that 50% of respondents agree to pay US$23.77 (100 BRL) for this hypo-
thetical vaccine, a minimum of 600 respondents would be required in this study. This was based
on a margin of error of 5% to a 95% confidence interval. The value of USS$ 23.77 (100 BRL) was
utilized considering a mean value for the prices of vaccines approved in Brazil. The number of
individuals to be interviewed in each of the ten cities was defined according to the relative pop-

ulation size of each the municipalities.

As previously reported, the respondents may or may not have a history of malaria.
However, at the time of the interview participants could not have symptoms or a malaria diag-
nosis according to recommendations in previous publications [31, 34, 42]. As an inclusion crite-
ria, individuals had to declare an income and be at least 18 years old. Individuals under 18 years
and those with no income, individuals who would not use the vaccine even if it were freely avail-
able, and those who were willing to pay more than twice the amount of their declared monthly
income, were excluded. This reinforces the fact that the values obtained in this economic
approach need to be feasible and "acceptable" within the economic scenario presented by each
respondents [39]. In other words, this technique searches individual values that can be
potentially applied to the purchase of this hypothetical product, considering the social,
economic and clinical perceptions of the participants. All inclusion and exclusion criteria used in
this study have been endorsed in previous publications [31, 34, 42; 46, 47] and the literature
[39].

2.4 Data analysis

The WTP for a hypothetical malaria vaccine was estimated from the maximum median
value declared by individuals who were willing to pay any amount greater than or equal to zero.
The median of the maximum WTP among the groups defined by the covariates was compared
using the Mann-Whitney test (two groups) or the Kruskal-Wallis test (three or more groups).
The level of significance was set at 5%. The median ratio of the maximum WTP for the
hypothetical malaria vaccine was assessed including all socioeconomic variables. For analysis
involving the amount of WTP and education, the following categories were used “never studied
or did not complete primary education”, “completed primary education”, “completed
secondary education” and “completed higher education or more”. This is in line with previous

studies [31, 34, 42; 46, 47)].
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In addition, the frequency of participants who did or did not have private health
insurance at the time of the interview was assessed. This is because participants who had private
insurance may well be willing to pay more for a new effective vaccine. According to previous
publications [49, 50], individuals with higher income and education level demonstrate higher
WTP for products and services. In addition, in study conducted by Goddi and collaborators
(2017), respondents with health insurance had higher income levels affected their WTP values
[31]. According to the National Supplementary Health Agency (ANS), which regulates private
health insurance in Brazil, in Pard the coverage of private health insurance includes 807,453
beneficiaries or 10.3% of the State and 10.6% across the northern region . The national profile
was 24.2% of the population for the same period [51]. In addition, the WTP of interviewees was
evaluated controlling for variables including history of malaria, age and gender. For comparison
purposes, the conversion value established by the Central Bank of Brazil, currency converter
(BCB) (2020: USS 1 = 4.2064 BRL)(52). In addition, Microsoft Excel 2010 and Minitab 17 were

used as a tool for statistical analysis.

2.5 Ethics statement

All interviews were conducted after reading and signing an informed consent form. In
addition, all researchers of the project signed a confidentiality agreement prior to the inter-
views. This study was approved by the Ethics and Research Committee of the Federal University

of Para (UFPA), under CAAE registration number 12943619.500.8607.

3. Results
3.1 Population characteristics

Of the 616 participants, interviews were conducted with individuals aged between 18
and 81 years old, with an average age of 37.7 + 12.9 (SD) years, 39% were male and 97% worked
at the time of the interview. Additionally, 8.5% declared a history of malaria, in which they used
only the public health service, 14.5% reported that family members were affected by the disease
at home, and 28.2% of the interviewees had a family income between one and two minimum

wages (Table 1).
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Table 1: Characteristics of respondents (n = 616)

Variable n (%)
Age in years [mean (SD)] 37.7 6.1
Man 236 39.0
Has children 432 72.0

Education level

Had never attended school 6 1.0
Completed elementary school 195 31.7
Completed high school 307 49.8
Completed college or more 98 15.9
Currently working 583 97.0
Have private health insurance 162 27.0
Had Malaria 51 8.5
Reported that other people in the household had Malaria 84 14.5

Family income (number of minimal wages*)

<1 41.6
1-2 28.2
2-3 11.9
3-5 7.3
5-10 31
10-20 0.6
>20 0.0

Notes: *7.3% of the respondents refused to respond to questions regarding family income. ** The differ-
ence to reach 100% for all questions is due to answers such as "don't know" and "don't want to answer";
Brazilian minimum wage in 2019 was 998.00 BRL ($237.25) per month.

3.2 WTP for a hypothetical Malaria vaccine

Among the 616 respondents, 14 reported that they would not use the vaccine even if it
was available for free. The reasons associated with non-use included efficacy concerns (14.3%),
safety concerns (35.7%) and the non-use of any vaccine (50%). Additionally, one respondent was
excluded as the respondent was found to be under 18 years of age, as demonstrated in the
Figure 1. In this context, 601 were considered eligible for the WTP analysis, of which 50.7% had

completed high school; 26.9% reported having health insurance and 24.7% were self-employed.
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Figure 1: Flowchart of WTP analysis applied to the respondents

Interviewed: 616

Reasons:
*  No use of vaccines: 14
*  Under 18 years of age:

Exclusion: 15

k.

Eligibility to WTP analysis: 601

Note: The legal penal age in Brazil is 18 years old.

It was found that 46% of participants were willing to pay US$ 23.77 (100 BRL) for a single
dose vaccine regimen. From the results, 30.8% of respondents were willing to pay between USS
11.88 (50 BRL), to USS 47.54 (200 BRL). The minimum and maximum WTP for a single dose ma-

laria vaccine obtained in our study were 0 and 2,000 BRL.

The value of WTP for the hypothetical malaria vaccine was USS 11.88 (50 BRL) for the
single dose regimen, which means that 50% of respondents declared the maximum value of WTP

equal or less than USS 11.88 (Figure 2).
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Figure 2: Cumulative percentage of the WTP for a hypothetical malaria vaccine accord-
ing to the reported maximum values.
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The comparative analyzes between the WTP medians were significant at the 5% level,
namely: income (p < 0.001); history with malaria (p < 0.001); education (p = 0.004) and working
at the time of the interview (p = 0.028), as presented in Table 2.

Table 2: WTP associated for each variable

Variable WTP p-value
Per capita household income 200.00 BRL 0.001
Education level 200.00 BRL 0.004
Gender 50.00 BRL 0.37
Insurance health 100.00 BRL 0.55
Working at the moment of the interview 50.00 BRL 0.028

History with Malaria 200.00 BRL 0.001
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Individuals who had a history of malaria or knew someone who had the disease had
a higher WTP to the hypothetical vaccine (USS 47.54/200 BRL) compared to those who never

had the disease and/or did not know anyone affected with malaria (USS 11.88 /50 BRL), (p <
0.001) (Figure 3).

Figure 3: WTP for hypothetical vaccine for malaria according to malaria history.
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The participants with a higher level of education declared a higher WTP for the hypothet-
ical vaccine for the prevention of malaria (USS 47.54 /200 BRL), compared to those with the
respondents with less education (USS 10.69 /45 BRL), (p = 0.004) as shown in Figure 4.
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Figure 4: Box plots indicating WTP for hypothetical vaccine for malaria by education level
Note: P.E = Primary Education; H.S = High School

2000 * * FREK
-5 1500
o
=
> :
@ *
o
£ 1000 ** ¥ *RRE *EER
@
] ;
=] - e e
o
£ ’
= 500 *
FEEX
| 200
45 | 50
0 25
Never or no Eomplete PE Complete P.E. Complete HS.  Complete college or more
Education level
4. DISCUSSION

We believe this is the first study conducted in Brazil to ascertain the WTP of a potential
vaccine against malaria to help guide future decision making in Brazil once a vaccine becomes
available. We found the WTP for the hypothetical malaria vaccine, in a single dose, with 80%
effectiveness was USS 11.88 (50 BRL). A hypothetical efficacy of 80% was based on effectiveness
levels of vaccines already incorporated and made available to the Brazilian population by SUS,
and this percentual was considered in other studies conducted in the country for the same
scenario [31,42]. This means that 50% of the interviewees declared the maximum amount to be
paid, equal or less than USS$ 11.88. The median value is generally used to assess the WTP [40,
41, 53, 54, 31, 34] to minimize the interference of extreme values verified in the data collection.
Our WTP figure is appreciably higher than the study conducted in the Peruvian Amazon region
where 60% of the interviewees declared a WTP of USS 2.21 for a hypothetical malaria vaccine
with 70% effectiveness [55] and in Nigeria where the WTP for three hypothetical malaria vac-
cines, with efficacies of 75%, 85% and 95%, was USS 6.77; 6.70 and 5.06, respectively [56]. The
authors indicated that the WTP was influenced by vaccine price, socioeconomic status, and
those who experienced illness among community members [56]. In this context, we did find that

the interviewees who had a history of malaria had a higher WTP for this hypothetical vaccine (p
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< 0.001), in agreement with other publications [56, 57]. Similar to other studies [31, 34, 42],
there appeared to be no correlation between age and gender regarding WTP for this hypothet-
ical vaccine.

However, we found a statistical correlation between the income variable (p < 0.001)
and the WTP value, similar to the other publications applied to the first dengue vaccine
approved in Brazil (p = 0.003) [31]; a hypothetical Zika vaccine (p < 0.001) [34] and a hypothetical
chikungunya vaccine (p = 0.002) [42] conducted in the country. Additionally, it was found that
the higher the education level (p = 0.004), the higher the reported WTP values for the vaccine.
In this study, the percentage of families that declared a family income below the minimum wage
was 41.6%, a similar with that presented for the Brazilian people for the Northern region who
have an average income of 883 BRL, lower at BRL 807 for the state of Para [44, 45]. In addition,
27% of respondents reported having a private health plan, similar with the national context of
28.5% [58]. In addition, the adherence to private health plans, in most cases is associated with
the industrialization level, income and formal employment of a region [36, 59]. This reinforces
the low coverage rate of private insurance health in the North Region at 10.6% where 55.3% of
the population seeks health services in the public health system [58,36]. This lower coverage
rate (10.6%) can be associated with the low income of the inhabitants of this region when com-
pared with other studies conducted in the southeast region in the country [31,34]. In addition,
wide rural extension and low demographic density can be associated with the lower industriali-
zation levels of the northern region of Brazil [59, 60].

Yasunaga and collaborators demonstrated that the choice of treatment for tropical dis-
eases depends on cultural, economic and social reasons [61]. Another study showed that WTP
is generally related to income similar to our findings that demonstrated individuals with higher
income had higher WTP for the hypothetical malaria vaccine (p < 0.001) [60]. In addition, some
studies demonstrated that inhabitants of endemic regions are willing to pay more and were
more likely to accept a hypothetical vaccine [39, 62, 34].

According to the National Institute for Space Research [63], there were approximately
10,129 km? of deforestation in the Brazilian Legal Amazon (ALB), from August 2018 to June 2019,
with 84.56% corresponding to the states of Para, Mato Grosso, Amazonas and Rondoénia, in
which Para contributed 41.19% of this rate [63]. A team from the Institute of Applied Economic
Research (IPEA), associated deforestation data with disease statistics in 773 municipalities of
the Brazilian Legal Amazon, between 2004 and 2012, concluded that for each 1% of de-foresta-

tion per year, an increase of 23% was observed in malaria cases [64].
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Recently, the WHO recommended the large-scale use of RTS,S/ASO1 vaccine in sub-Sa-
haran Africa and in areas of moderate and high transmissibility of the disease caused by P. fal-
ciparum. The vaccination programme will be instigated in children aged from five months of age,
adopting a 4-dose schedule. This immunizing agent has demonstrated satisfactory results in
studies involving three African countries, with a 30% reduction in severe cases of malaria in chil-
dren and represents a milestone in the history of malaria [65].

Overall, Brazil has a comprehensive immunization program with coverage for a consid-
erable number of infections. In the future, we believe public health systems purchasing the ma-
laria vaccine should conduct cost-effectiveness and budget impact analyzes to inform the opti-
mal use of healthcare resources. Comparisons with other vaccines prices and effectiveness for
diseases with similar burden may also contribute to political decisions regarding the possibility

of incorporating this technology into public health systems at acceptable and reasonable prices.

There are several limitations associated with this study. Firstly, we discussed a hypo-
thetical vaccine and some participants may not have been fully motivated to express the real
value that they would be willing to pay. Secondly, this research was undertaken based on a vac-
cine with 80% effectiveness, which means that vaccines with different effectiveness rates may
well have a different WTP value, and thirdly the results in this study may not be representative
of other regions of the country. However, we deliberately chose the region with the highest
prevalence of malaria. In addition, the profile of the respondents resembles some aspects with
the Brazilian population including a higher percentage of women (61%), a low number of indi-
viduals with no education (1%) and who only completed primary education (31.7%). In addition,
the higher percentage of individuals with insurance health at 27.5% in our study compared with
the Northern region and Para state, respectively, 10.6% and 10.3%, is nearer the national aver-
age for Brazil, and can be associated to the higher percentage of respondents with employment
at the time of the interview of 97%. This higher rate of private insurance we believe enhances
the contextualization of our study results to Brazil. Overall, despite these limitations, we believe
our findings are robust and should help enhance discussions regarding future pricing of vaccines

for malaria when available.

5. CONCLUSION

This is the first study to addresses the WTP for a hypothetical malaria vaccine in Brazil.
Of 601 respondents, 50% of respondents demonstrated the WTP of USS 11.88 (50 BRL) for a

hypothetical vaccine with an 80% effectiveness. Individuals who had a history of malaria or knew
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someone who had the disease had a higher WTP of USS 47.54 (200 BRL), similar with respond-
ents who had higher level of education (200 BRL). The findings should stimulate and reinforce
the need for governmental initiatives and industry to accelerate the development of a vaccine

for malaria and its potential pricing.

6. FUTURE PERSPECTIVE

In the coming years, there will be advances in the development of a malaria vaccine.
In the near future we hope for promising safety and efficacy results of Mosquirix (RTS,S/AS01)
as well other vaccines candidates. A vaccine that is safe and effective to combat malaria will be
welcomed in Brazil and wider considering the 219 million cases of malaria reported in 90
countries in 2017 and 435000 deaths due to this infection. We also believe that WTP studies
such as these, combined with submissions by pharmaceutical companies, will help guide
subsequent pricing and reimbursement decisions in Brazil for possible new medicines including
new vaccines to be incorporated into the Brazilian Public Health System. In addition, we will be
monitoring the developments of new vaccines, which represent an important approach for
endemic countries. In this context, we recommend that the search for a vaccine and a price
based on the profile of consumers continue. In this respect, we continue to support more efforts
and government investments from the most affected countries and companies to encourage
the development of medicines and vaccines for malaria. This is the first study conducted in the
context of the willingness to pay for a hypothetical malaria vaccine in Brazil, and can contribute
to decision-making about potential prices for a future vaccine once it becomes available in the

country.

EXECUTIVE SUMMARY

® In the most recent outbreak in Brazil, 82,479 new cases have been reported considering only
the period between January and March of 2018 and 2019 greatest for the Amazon region (North

of the country).

e In Brazil, malaria treatment is available free of charge throughout the national territory at SUS
units, and the development of an effective vaccine for malaria prevention represents an

important strategy for the control of the disease.

e This study estimated the WTP of Brazilian consumers for a hypothetical malaria vaccine

through an analysis of contingent valuation.
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® 50% of the interviewees were willing to pay USS 11.88 (50 BRL) for the hypothetical vaccine

against malaria.

e The study can contribute to the pricing of any potential vaccine once available, and the
socioeconomic data might be useful in the discussions about the introduction of the vaccine

onto the SUS in Brazil and into the market.
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