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In Latin America, the country of Ecuador was one of the first and most severely affected by the COVID-19
pandemic. This study aimed to evaluate the demand for a COVID-19 vaccine in Ecuador by estimating
individuals’ willingness to pay (WTP) for the vaccine, and by assessing the effect of vaccine attributes (du-
ration of protection and efficacy) and individuals’ characteristics on this valuation. The sample used
(N = 1,050) was obtained through an online survey conducted from April 2 to April 7, 2020. Two levels
of vaccine efficacy (70% and 98%) and two levels of vaccine duration of protection (1 and 20 years) were

Iég{;;/gﬁz considered. The willingness to pay estimates were obtained using a double-bounded dichotomous-choice
SARS-COV-2 contingent valuation format. Survey results show that a very large proportion of individuals (at least 97%)
Vaccine acceptance were willing to accept a COVID-19 vaccine, and at least 85% of individuals were willing to pay a positive
Efficacy amount for that vaccine. Conservative estimates of the average WTP values ranged from USD 147.61 to

196.65 and the median WTP from USD 76.9 to 102.5. Only the duration of protection was found to influ-
ence individuals’ WTP for the vaccine (p < 0.01). On average, respondents were willing to pay 30% more
for a COVID-19 vaccine with 20 years of protection relative to the vaccine with 1 year of protection.
Regression results show that WTP for the vaccine was associated with income, employment status, the
perceived probability of needing hospitalization if contracting the virus causing COVID-19, and region

Duration of protection
Demand for vaccines

of residence.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

In December 2019, a disease with characteristics similar to
pneumonia appeared first in the city of Wuhan, China. It was soon
thereafter determined that the disease, named the coronavirus dis-
ease 2019 (COVID-19) by the World Health Organization (WHO),
was caused by the newly discovered severe acute respiratory syn-
drome coronavirus 2(SARS-CoV-2) [1]. In January 2020, the WHO
declared COVID-19 a public health emergency of international con-
cern, and on Wednesday, March 11, 2020, declared a pandemic [2].
By October 28, 2020, COVID-19 had spread worldwide, more than
43 million cases had been confirmed, and more than 1.1 million
deaths had been reported [3]. The pandemic has already had very
large negative economic effects on the world economy, and a 5.2%
contraction in the global gross domestic product (GDP) is expected
by the end of the year [4].
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Ecuador is one of the countries most affected by the COVID-19
pandemic in Latin America. By June 30, 2020, the country had
experienced the 7th highest number of cases, the 6th highest num-
ber of deaths in the region, and the highest fatality ratios [5,6]. The
first confirmed case of COVID-19 in the country was detected on
February 29, 2020, and by July 6, 53,424 cases and 8,026 deaths
had been confirmed [7]. Government measures to reduce the
spread of COVID-19 as well as unfavorable foreign market condi-
tions for the country’s exports have had a substantial negative
impact on the Ecuadorian economy [8-10]. The International
Monetary Fund (IMF) forecast a contraction in the country’s GDP
of 6.7% for the year 2020 [10].

As of August 2020, there are no vaccines or treatments
approved for mass use by the U.S. Food and Drug Administration
(FDA) for COVID-19, but more than 165 vaccines are in develop-
ment, eight vaccines are in Phase 3 clinical trials and one vaccine
has been approved for limited use [11]. Health experts add that
the vaccine will take at least one year to develop and will face chal-
lenges in mass manufacturing [12]. Moreover, as argued by Schaf-
fer DeRoo et al. [ 13], “planning to ensure readiness of both the general
public and the health community” for a successful vaccination cam-
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paign should begin as soon as possible. Part of the planning process
involves exploring the demand and acceptability of vaccines by the
general public as it is estimated that a vaccine refusal rate greater
than 10% could impede the attainment of herd immunity [13].
Thus, only very high acceptance levels of vaccines by the popula-
tion can ensure the final objective of reaching herd immunity to
protect the most vulnerable populations.

Willingness to pay (WTP) is a measure of the maximum amount
of money consumers are willing to give up to obtain a product of a
given quality and thus can be used to gauge the demand for a novel
product or service such as vaccines [14-16]. In the case of vaccines,
the WTP value also provides a measure of the monetary value that
consumers are willing to pay to avoid the direct and indirect cost of
illness [17]. The direct cost of contracting an illness can be very
high as they include all medical care costs and even hospitalization
in some cases. The indirect cost of illness includes the productive
time lost and interferences in the household and personal activities
due to contracting a disease [17]. Several studies have evaluated
individuals’ WTP for hypothetical vaccines, including the human
papillomavirus [18], dengue [15,19], HIV [20], influenza, pneumo-
coccal disease [21], and leptospirosis [22]. Most recently, [23], [24]
and [25] evaluated individuals’ WTP for a COVID-19 vaccine in
Chile, Indonesia and Malaysia, respectively.

The main goal of this study is to evaluate the demand of Ecua-
dorean households for a COVID-19 vaccine. Specific objectives
include 1) measuring households’” WTP for a COVID-19 vaccine,
2) evaluating the effect of vaccine duration of protection and
expected efficacy in households’ WTP values, and 3) analyzing
the effects of socio-economic variables on households’ WTP for a
COVID-19 vaccine. The results of this study aim to guide the vacci-
nation efforts of government and public and private health organi-
zations when a COVID-19 vaccine becomes available.

2. Methods
2.1. Data and survey instrument

The data for this study was obtained from a survey of Ecuado-
rian households [26]. The survey instrument was developed by a
research group that included economists and public health profes-
sionals from Ecuador and the United States. The survey was
designed to measure individual knowledge about COVID-19, risks
perceptions of the disease, support for the responses of public
and private institutions to the pandemic, level of preparedness,
impact of the pandemic on households, socio-demographic charac-
teristics, and a set of contingent valuation (CV) questions to deter-
mine if individuals would purchase a COVID-19 vaccine at stated
bid prices. The CV questions form the basis for the calculation of
WTP values for the vaccine. A pilot test of the survey was first con-
ducted with 100 respondents. The information obtained in the
pilot survey was used for the refinement of the final survey
instrument.

To measure knowledge about COVID-19, the survey included a
set of 15 (yes/no/l do not know) questions about methods to
reduce the spread (5 questions), forms of transmission (4 ques-
tions), and symptoms of COVID-19 (6 questions) [26]. The
responses to these questions were used to calculate a COVID-19
knowledge score. One point was awarded for each correct answer
to a question. No points were awarded for incorrect or “I do not
know” answers.

Qualtrics conducted data collection via an online survey of a
national sample of 1,050 households in Ecuador from April 2 to
April 7, 2020, generating 972 complete observations for the analy-
ses of the WTP data [27]. Some additional observations were
deleted for regression analysis since some socio-demographic
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information was missing (51 observations). The target respondents
were all Ecuadorean heads of household 18 years and older. The
survey was designed to match the distribution of household size
estimated by the National Survey of Income and Expenses or Urban
and Rural Homes Ecuador 2011-2012 (ENIGHUR-2011-2012) [28]
and the household income distribution estimated by Ecuador Cen-
tral Bank [29]. Income was selected given its high relevance as a
determinant of demand. Household size was selected since the sur-
vey targeted households’ heads. Although the WTP for the vaccine
question was not asked for all households’ members, it was posited
that households’ heads would consider the size of the household
when decided to accept to purchase or not the vaccine for them-
selves at a given price.

Approval for the study was obtained from the Institutional
Review Board of Texas Tech University, Lubbock, Texas, United
States (IRB2020-288) on March 25, 2020. The review process
includes a revision of the International Compilation of Human
Research Standards by the U.S. Department of Health and Human
Services [30].

The World Bank classifies Ecuador as an upper-middle-income
country [31]. In 2019, the gross national income (GNI) per capita
was $6,080, and 25% of the population was classified as poor
[31]. The majority of the population in Ecuador (60.80%) is not cov-
ered by any health insurance, 38.80% is covered by public health
insurance (compulsory social security, voluntary social security,
rural social security, police insurance, military insurance), and only
a marginal fraction is covered with private health insurance
(0.40%) [33]; therefore, the majority of the population has to rely
on the national public health system and private for-profit health
providers for their health care needs. Although the national public
health system should provide health services at no cost to all indi-
viduals without public health insurance, problems persist in the
financing and delivery of health functions [32]. In response to the
pandemic, the Government of Ecuador declared a health emer-
gency in March 2020. Among the provisions, all private health
insurance companies and prepaid medicine companies are prohib-
ited from limiting adequate coverage, evaluation and treatment to
users or patients affected by COVID-19 [34]. However, this provi-
sion is for the duration of the emergency, and up to two months
after it (November 2020). There are no provisions related to the
coverage insurers must provide to their users for COVID-19 related
treatments or a vaccine after that date. There have also been some
recent announcements from the government regarding negotia-
tions to acquire and distribute the COVID-19 vaccine [35].

2.2. Contingent valuation questions

The survey section containing the contingent valuation ques-
tions began by providing respondents with the description of a
hypothetical vaccine to prevent COVID-19 Appendix A. The vaccine
description included specific information about two key vaccine
characteristics: efficacy and duration of protection. Vaccine effi-
cacy refers to the reduction in the infection risk for an individual
receiving a vaccine during an outbreak relative to an unvaccinated
individual [36]. Vaccine duration of protection refers to the length
of time a vaccine induces immunity in an individual [37]. It is
important to highlight the fact that both the efficacy and duration
of protection of a COVID-19 vaccine were unknown at the time the
survey was conducted; thus, their values were selected based on
the experience with vaccines for other diseases.

Two levels of vaccine efficacy (70% and 98%) and two levels of
vaccine duration of protection (1 and 20 years) were considered.
The 70% efficacy was selected based on the average efficacy offered
by vaccines against the flu, whereas the 98% efficacy was selected
based on the highest efficacy reported for other vaccines [15,38].
Protection duration of 1-year was selected based on the assump-
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tion that the coronavirus would become a seasonal disease, such as
the flu, requiring a vaccine every year. The 20-year protection
duration scenario assumes, in contrast, a vaccine with a very long
duration of protection as some research has reported that coron-
avirus mutates very slowly [39,40]. Therefore, descriptions of four
vaccines were randomly assigned to survey respondents with all
the combinations of efficacy and protection duration levels (70%
efficacy and 1 year of protection, 70% efficacy and 20 years of pro-
tection, 98% efficacy and 1 year of protection, and 98% efficacy and
20 years of protection).

A double-bounded dichotomous choice format was utilized for
the contingent valuation questions. Surveyed individuals were ini-
tially asked if they would purchase a COVID-19 vaccine at an initial
randomly assigned price bid (PI). If they indicated yes, they were
subsequently asked if they would be willing to purchase it at a
higher price bid (PSH). Alternatively, if the respondents were not
willing to buy the vaccine at the initial price bid, a lower price
bid (PSL) was offered. Initial price bids used were USD 20, 80,
200, 400, and 600. Follow up bids also included USD 10 for respon-
dents that would not buy the vaccine at the USD 20 initial bid price
and USD 800 for respondents that would buy the vaccine at USD
600 (see Fig. 1). The bid values were selected based on recent stud-
ies using CV methods to evaluate the demand for hypothetical vac-
cines [15] (Fig. 1). More specifically, the bids used in [15] for
Colombia, a neighboring country of similar economic conditions,
were expressed first as a proportion of that country’s monthly min-
imum wage in year 2014. Similar proportions were subsequently
used with Ecuador’s current minimum wage to calculate the bid
prices used in this study. The bid values were also validated and
seemed appropriate based on the test surveys since some respon-
dents were willing to buy the vaccine even at the highest bid
prices.

The four possible responses to the price bid scenarios are (1)
“yes” followed by a “no,” (2) a “yes” to both price bids, (3) a “no”
followed by a “yes,” and (4) “no” to both price bids. The sequence
of questions defines the following ranges for the true WTP values
at four discrete outcomes of the bidding process:

PI < WTP < PSH (response outcome 1)

D— PSH < WTP  (response outcome 2) ()
") PSL<WTP < Pl (response outcome 3)
WTP < PSL  (response outcome 4).

2.3. Statistical analyses

Parametric and nonparametric methods were used for the anal-
yses. The parametric approach for estimation uses parametric
forms for the choice probabilities corresponding to the compo-
nents of equation (1) [41,42]. The probability that a respondent i
answers “yes” to the first bid and no to the second bid (Pr’";) is

Pr"; = Pr(Pl; < WTP; < PSH;) = G(PSH;,0) — G(PL;, 0), (2)

in which G(., ) is a parametric statistical cumulative density func-

tion with parameters 6. The probability that a respondent answers

“yes” to both bids (Pr”;) is

Pr”; = Pr(PSH; < WTP;) = 1 — G(PSH;, 0) (3)
Similarly, the probability that a respondent answers “no” to the

first bid and “yes” to the second bid (Pr';) is

Pr"; = Pr(PSL; < WTP; < PI;) = G(Pl;, 0) — G(PSL;, 0) (4)
Finally, the probability that a respondent answers “no” to both

bids (Pr'™;) is

Pr""; = Pr(WTP; < PSL;) = G(PSL;, 0) (5)

8092

Vaccine 38 (2020) 8090-8098

Given a sample of N individuals, the log-likelihood becomes:

N 1_ 2 |
L=Y"d" """ In(G(PSH;,0) - G(PI;, 0))
i=1
£ 0 (1 G(psHL ) + T In (G(P1,0)

— G(PSL;, 0)) + & """ In (G(PSL:, 0)). (6)
in which d; indicates the individuals belonging to the ith bidding
process outcome, and y! and y? are used to denote the responses
(1 =Yes or 0 = No) to the first and second binary choice questions,
respectively [41,43]. Estimation of the parameters in equation (6)
requires assuming a specific distributional form for G(., 8). Five sta-
tistical distributions were considered (normal, Weibull, log-normal,
exponential and log-logistic) [41,43]. The “best” model was selected
using the Akaike information criterion (AIC), and the ratio of the
maximum likelihood method proposed [44,45].

Explanatory variables can be introduced into the procedure by
modeling some components of the parameter vector 0 as a function
of the explanatory variables. For example, the log-normal distribu-
tion is defined by two parameters (xand o); thus p =Xy, in
which X; is the vector of explanatory variables. The vector of
explanatory variables included vaccine efficacy and duration of
protection, socio-demographic characteristics of the households,
knowledge about the disease, perceptions regarding the probabil-
ity of infection hospitalization and death if contracting the disease,
and health insurance availability [15,17,23].

The nonparametric procedure for the estimation of mean WTP
values is based on methods proposed originally by [46]. The proce-
dure involves first the estimation of a nonparametric WTP distribu-
tion function, which in turn can be used to estimate a lower bound
of the mean WTP values [47,48]. Although the approach only pro-
vides a lower bound estimate of the mean WTP values, it does not
really on distributional assumptions [49]. Statistical analyses were
performed using MATLAB and STATA [41].

3. Results
3.1. Summary statistics

Sample descriptive statistics are presented in Table 1. The aver-
age age of respondents was 33, and the majority were males (61%)
and college-educated (72%). Most of the respondents reported hav-
ing jobs (92%) and health insurance (53%). The majority (86%) of
respondents lived in urban areas, including Pichincha Province
(42%), which contains the country’s capital (Quito), followed by
Guayaquil Province (18%), in which the second-largest city (Guaya-
quil) is located.

Concerning respondents’ knowledge about the disease, the
average knowledge score was 11.27 out of a maximum of 15 pos-
sible points (approximately 75%). Respondents average perceived
probabilities of contracting the virus that causes COVID-19, being
hospitalized, and dying if contracting it were approximately 34%,
33%, and 24%, respectively (Table A1).

Forty-six % of respondents indicated that they would purchase
the COVID-19 vaccine at the initial bid price, and 64% of respon-
dents answered “yes” to the follow-up questions (Table A2). Over-
all, most individuals (85%) responded that they were willing to pay
for the vaccine. This proportion was calculated by including a) all
respondents that answered “yes” to at least one of the willingness
to purchase questions, and 2) a sub-group of respondents that
answered yes to a follow-up question about any possible positive
willingness to pay values for the vaccine (this question was direc-
ted to the group of individuals that answer “no” to both willing-
ness to purchase questions).
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Contingent Valuation
Method

70% efficiency
]
T 1

$10.00 (2.5%)

$10.00 (2.5%)

$20.00 (5%)

$20.00 (5%)

$80.00 (20%)

$80.00 (20%)

$200.00 (50%) $200.00 (50%)

$400.00 (100%)

$400.00 (100%)

$600.00 (150%)

$600.00 (150%)

$800.00 (200%) $800.00 (200%)

98% efficiency
1
I 1

$10.00 (2.5%)

$10.00 (2.5%)

$20.00 (5%) $20.00 (5%)

$80.00 (20%) $80.00 (20%)

$200.00 (50%) $200.00 (50%)

$400.00 (100%) $400.00 (10%)

$600.00 (150%) $600.00 (150%)

$800.00 (200%) $800.00 (200%)

Fig. 1. Contingent valuation study design (percentages in parentheses are relative to monthly minimum wage in the country).

Table 1
Characteristics of survey respondents.

Characteristic Mean Standard deviation
Age 33.21 11.43
Household size 413 1.94
Income 82739 711.36
Gender (0 = Male, 1 = Female) 0.39 0.49
College education (0 = No, 1 = Yes) 0.72 0.45
Health insurance (0 = No, 1 = Yes) 0.53 0.49
Employment status (O = Other, 1 = Employed) 0.74 0.44
Location of residence (Rural = 1, Urban = 0) 0.14 0.35
Region of residence
Pichincha Province 0.42 0.49
Guayas Province 0.18 0.39
Sierra and Amazon Region 0.22 0.42
Costa and Galapagos Region 0.17 0.37

Note. Sample size n = 972. Sierra and Amazon region excludes Pichincha Province.
Costa and Galapagos Region excludes Guayas.

3.2. Mean willingness to pay values, vaccine characteristics, and
aggregate demand model

The log-normal distribution had the smallest AIC value among
the five statistical distributions considered (see Table A3). The ratio
of the maximum likelihood method also indicated the log-normal
distribution was the preferred model compared to the log-
logistic and the Weibel distribution (the three distributions had
similar AIC values); therefore, the log-normal model was used as
the parametric model for further analyses. To estimate mean will-
ingness to pay values, we estimated two models including only as
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covariates vaccine attributes (i.e., the components of X;') (Table 2).
The first specification (Model 1) uses dummy variables to denote
vaccines with a longer duration of protection (20 years) and a high
level of efficacy (98%). In the second specification (Model 2), both
protection duration and efficacy entered linearly into the model.
In both models, only the variable related to the protection duration
was statistically significant at the 5% level.

In Model 1, the estimated coefficients can be interpreted as the
difference in the mean WTP values between vaccines with differ-
ent characteristics; thus, according to the model respondents are
willing to pay 30% ((e%2>° — 1) x 100%) more dollars for a COVID-
19 vaccine with 20 years of protection relative to the vaccine with
1 year of protection (p < 0.05). In Model 2, estimated coefficients
refer to the effect of an additional unit of the attribute on average
willingness to pay values for the vaccines; therefore, it is estimated
that each additional year of vaccine protection increases individual
WTP by approximately 1.4%.

Average WTP values for each type of vaccine are shown in
Table 3. The vaccine with the lowest mean WTP value was the
one with the lowest levels of efficacy (70%) and duration of protec-
tion (1 year), and it was estimated to be at least at $147.61 (non-
parametric lower bounds). In contrast, the vaccine with the
highest mean WTP value is the one with the highest levels of pro-
tection (98%) and duration of protection (20 years), with a lower
bound estimated at $196.65. However, it is important to note that
estimated average WTP values are only statistically different
between vaccines with short (1 year) and long protection duration
(20 years), as indicated by the previously discussed regression
results (Model 1). Estimated parametric WTP mean values assum-
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Table 2
Estimation results of willingness to pay models for a COVID-19 vaccine in Ecuador.
Variable Model 1 Model 2 Model 3
Constant 4.342%* 4.260™** 3.479**
(0.112) (0.392) (0.545)
Duration of protection 0.259** 0.014** 0.259**
(0.127) (0.007) (0.128)
Efficiency of protection 0.028 0.001 0.053
(0.127) (0.005) (0.127)
Contracting probability —-0.001
(0.003)
Hospitalized probability 0.006**
(0.003)
Death probability 0.005
(0.004)
Age 0.003
(0.006)
Household size —0.003
(0.033)
Income (thousands of dollars) 0.337**
(0.101)
Gender (Female = 1, Male = 0) —0.039
(0.134)
College education (Yes = 1, No = 0) 0.120
(0.156)
Health insurance (Yes = 1, No = 0) 0.226
(0.140)
Employment status (Employed = 1, 0.274*
Other = 0)
(0.164)
Knowledge score 0.0002
(0.038)
Region of residence
Pichincha —-0.300
(0.183)
Guayas —0.357*
(0.213)
Sierra and Amazon -0.170
(0.202)
Sigma (o) 1.686*** 1.686*** 1.621***
Sample size 972 972 921
Wald Chi? 4.21 4.21 44.68
P-value (Prob > Chi?) 0.12 0.12 0.0002
Log likelihood -1156.06 —-1156.06 —1059.061

Notes. The parametric model used is a log-normal distribution with parameters
pand o, u=Xip.

Standard errors in parenthesis.

sk

indicates significance at 1%, ** indicates significance at 5%, and * indicates sig-
nificance at 10%.

Table 3
Mean willingness to pay for hypothetical COVID-19 vaccine (n = 972).

Attribute Parametric Parametric Nonparametric lower
mean WTP median WTP  bound mean WTP
70% efficacy 1 year 318.80 76.93 (8.62) 147.61 (15.37)
protection (35.74)
70% efficacy 412.93 99.64 (10.85) 176.79 (17.60)
20 years (44.99)
protection
98% efficacy 1 year 327.81 79.10 (8.83) 152.96 (16.36)
protection (36.61)
98% efficacy 424.59 102.46 196.65 (18.59)
20 years (46.84) (11.30)
protection

. . . .. . 4 2
Notes. Ifarametrlc mean and median for the log-normal distribution equal eXi#+%)
and eXi#) respectively. Numbers in parenthesis are standard errors.

ing the log-normal distribution were approximately twice the
value of the estimated nonparametric lower bounds and ranged
from USD 318.80 to USD 424.59 (Table 3). Moreover, the estimated
parametric median values were always lower than the estimated
means (both parametric and nonparametric), which indicates that
the distribution is positively skewed.
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Estimated Turnbull WTP distribution functions are shown in
Table 3. The estimated nonparametric CDFs are not continuous
but rather step functions; thus, they can be interpreted in relation
to the upper value of the bid ranges. For example, according to the
CDF for the vaccine with 1 year of protection and 70% efficacy,
13.03% of individuals were willing to pay USD 10 or less for the
vaccine, 20.48% USD 20 or less, and 46.35% USD 80 or less.

3.3. Respondent characteristics associated with willingness to pay

To assess the effect of respondents’ characteristics, we esti-
mated an additional model (Model 3, Table 2) that includes both
vaccine characteristics as in Model 1 and a vector of respondents’
characteristics. The effect of the protection duration of the vaccine
remained significant (p < 0.05), even after including the additional
covariates, and the estimated coefficient is unchanged. Income,
employment status, and the estimated probability of being hospi-
talized were found to be positively associated with individuals
WTP for the vaccine (p < 0.10). A 1% increase in the estimated prob-
ability of being hospitalized if contracting the disease was found to
be associated with a 0.6% increase in the average WTP for the vac-
cine, a $100 increase in income associated with a 4% increase, and
employment with a 31.5% increase (relative to unemployed indi-
viduals). Region of residence of the individuals was also found to
affect WTP for the vaccine (p < 0.1). More specifically, individuals
living in the Guayas Province were estimated to be willing to pay
approximately 30% less than individuals living in other provinces
of the Costa Region. The coefficient on the Pichincha Province
was very close to being significant (p = 0.10), suggesting that indi-
viduals living in the Pichincha Province would be willing to pay
about 26% less than individuals living in other provinces of the
Costa Region.

Of the total sample, 15% of respondents (n = 147) answered “no”
to both bids and to a follow-up question asking them if they would
be willing to pay any amount. The reasons given for not being will-
ing to pay any amount are shown in Fig. 2. Most of the respondents
(83%) in this group seem to be willing to accept a vaccine but not
willing to pay any amount, as 63% indicated that the government
should provide it for free and that the prices given were too high
(20%). Only a small percent of respondents seemed to reject vacci-
nes based on beliefs related to lack of trust and confidence in the
vaccines (approximately 17%, including “Other” reasons). When
extrapolated to the entire sample of respondents, this indicates
that only approximately 2.6% of total respondents do not accept
vaccines and that 97.4% do accept them.

4. Discussion

This study provides insights into household demand and the
private economic benefits of a potential vaccine for SARS-CoV-2,
the virus responsible for COVID-19. Conservative estimates of the
mean WTP for a vaccine in Ecuador range between USD 147.61
and USD 196.65. Previous studies on WTP for hypothetical vaccines
have reported a wide range of values likely due to differences in
the characteristics of the disease and the populations of study
(e.g., income levels). For example, respondents in Indonesia were
reportedly willing to pay only USD 2.08 for an Ebola vaccine [50],
whereas in the United States, a sample of mothers was willing to
pay between USD 560 and 660 for vaccinating their daughters
against human papillomavirus [51]. Although, the lower bound
mean WTP values for the COVID-19 vaccine are similar to those
found in Chile (USD 184.72), parametric estimates are larger (al-
most double) than that found in Chile another Latin American
country [23]. Data collection for this study and the Chilean study
[23] was conducted at almost the same time (April and May
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T 63.92%
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Prices are too high and I don't have the money to pay for
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I don't think a vaccine is necessary [l 3.16%

Fig. 2. Reasons for rejection of bid scenarios for a COVID-19 vaccine (n = 147).

2020); however, the specific conditions of COVID-19 in both coun-
tries were different at that time. Ecuador experienced a peak in the
number of deaths due to COVID-19 around April 5 (400 deaths per
day), whereas at that time, Chile was reporting approximately 8-
10 deaths per day [52]. The situation was especially critical in
Guayaquil, its second largest city, where it was reported that
corpses were abandoned on the street as the government and fun-
eral homes were overwhelmed [53].

The estimated mean WTP values for Ecuador are also significa-
tively larger than those found in Asia (Indonesia USD 57.20, and
Malaysia USD 30.66). Differences could be due to cultural, health,
and economic conditions in each country, as well as the situation
of COVID-19 at the time of data collection. Data collection for the
studies in Asia took place between late March and early April
2020. At that time, reported number of cases and number of deaths
in Indonesia and Malaysia were significantly lower than in Ecua-
dor. For example, Malaysia reported 3-5 deaths per day from April
3 to 12, and Indonesia reported 0-27 deaths per day during March
25 to April 6, with populations that are also larger than in Ecuador
(Malaysia population is 32 million and Indonesia’s population is
270.63 million) [54,55].

The estimated mean WTP value for the vaccine with the highest
level of efficacy and protection (at least USD 196.65) can be inter-
preted as the value individuals place on preventing COVID-19.
Since estimated benefits of the vaccine exceed current predicted
retail costs, which range from a few USD to USD 70 for a regimen
[56], individuals in Ecuador would, on average, realize private ben-
efits from receiving the vaccine.

The estimated mean WTP value can also be used to provide an
estimate of the aggregate benefit for the entire country of prevent-
ing COVID-19. For this calculation, we do not include individuals
not willing to pay any value for the vaccine (estimated at 15%)
which leaves a total of 14.52 million individuals; therefore, a con-
servative estimated aggregate value of preventing COVID-19 is at
least USD 2,855 million which is approximately 2.7% of Ecuador’s
GNI [23].

It is estimated that a very large proportion of individuals (at
least 97%) are willing to accept a COVID-19 vaccine, and at least
85% of individuals are willing to pay a positive amount. This
acceptability estimate is higher than all others reported in the lit-
erature. Studies from China [57], France [58], and the United States
[59] report acceptability rates of 76-77%. In Chile, [23] the accept-
ability rate was 90.6%, although this rate only included individuals
willing to pay a positive amount for the COVID-19 vaccine; thus, it
is similar in magnitude to our estimated lower bound of individu-
als willing to pay a positive amount for the vaccine. These very
high levels of acceptance suggest high levels of acceptance and
trust in a potential vaccine, which is key for a population-wide vac-
cination campaign.
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Study results revealed that the duration of protection provided
by the vaccine was a very important determinant of the individual
WTP for the vaccine. Individuals were willing to pay 30% more for a
vaccine with 20 years of protection relative to a vaccine with only
1 year of protection (see Table 3). This result is consistent with var-
ious studies that have identified the duration of protection among
the most important attributes affecting individuals’ WTP for vacci-
nes [22,51,60]. Previous studies on WTP for COVID-19 in other
countries did not explore the effect of vaccine attributes on indi-
vidual WTP for the vaccine.

Our regression analyses did not find evidence that the vaccine
efficacy influenced individuals’ WTP for the vaccine, which is in
contrast with previous studies that have identified efficacy as an
important attribute affecting WTP for vaccines [22,51,60]. How-
ever, this result needs to be interpreted with caution as we only
included two relatively high efficacy levels (70% and 98%) in the
contingent valuation questions; thus, this only indicates that indi-
viduals were not willing to pay different values for vaccines
between these two efficacy levels. Individuals might have different
WTP values for vaccines with lower efficacy levels [22,60].

We only found a few respondent characteristics to be associated
with their WTP for the vaccine, including income, being employed,
the perceived probability of needing hospitalization if contracting
COVID-19, and region of residence. The estimated effect of income
on WTP for the vaccine implies some large differences in WTP val-
ues when comparing individuals. For example, between individu-
als in the second decile of the income distribution (average
monthly income of USD 300) and individuals in the ninth decile
of the distribution (average monthly income of approximately
USD 1,500), the difference in income levels would result in approx-
imately a USD 156 difference in average WTP values for a vaccine
with 98% efficacy and 20 years of protection (USD difference calcu-
lated by using the parametric model and estimating mean WTP
values at the specified values of explanatory variables and using
average values for all other explanatory variables). Previous studies
have also found the WTP for vaccines to be positively associated
with income levels [15,21,23]. This positive association may con-
tribute to justifications for subsidized vaccination for lower-
income individuals.

Being employed was also found to be associated with a very large
increase in the average WTP for the vaccine (31.5% higher relative to
that of unemployed individuals). This value might reflect the fact
that economic costs from time lost working if contracting the dis-
ease are higher for individuals that have a job. Employment status
was found to be an important determinant of WTP in Chile [23].

Individuals living in the Pichincha and Guayas Provinces, where
the two largest cities in the country are located, were found to be
willing to pay significantly less than individuals living in other pro-
vinces (26 and 30% less, respectively). This result was somewhat
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unexpected, especially for Guayas Province, the country’s epicenter
of the pandemic during the data collection period. This result
might have been because people living in larger cities might
believe they have more access to medical services, or that people
not living in larger cities believe their access to medical services
is deficient.

Our regression analyses included as covariates three variables
related to perceptions regarding the probabilities of contracting
the disease and being hospitalized and dying if contacting the dis-
ease; however, only the variable related to the perceived probabil-
ity of being hospitalized was found to be positively associated with
individuals WTP for the vaccine. This result highlights the need for
governments to generate and provide accurate information on the
spread of the disease and its effects, including hospitalization and
mortality rates. Perceived mortality rates by survey respondents
(24%) are almost 4 times higher than the fatality rate currently
reported (6.16%) [61]. It is also important to mention that although
perceived risk or perceived susceptibility to a contagious disease
has been found to be associated with willingness to pay for vacci-
nes in previous studies [62], the role of risk and susceptibility per-
ceptions in vaccine decisions is still not very well understood [63].
There is, for example, some ongoing debate whether risk is only
cognitive or also affective. If risk includes an affective component,
emotions could override rational decision making based on cogni-
tive risk assessments only [63].

Aggregate demand curves for the COVID-19 vaccines in Ecuador
are shown in Fig. 3. These curves were generated using the Turn-
bull CDF results shown in Table 4 and show the estimated fraction
of the population willing to pay a given price for the vaccine. At
least 87% of the population is willing to pay USD 10 or less for
the vaccines. The proportion is higher (95%) for the vaccine with
higher duration and efficacy; thus, a vaccine price of about USD
10 would be needed to achieve the very high levels of vaccination
needed to achieve herd immunity reported by some researchers.
The fraction of the population willing to pay for vaccines reduced
to approximately 50% when the price was USD 80 (i.e., the med-
ian). According to the results, there is still a large proportion of
the population willing to pay large values for the vaccines, for
example, approximately 20% of individuals are willing to pay
USD 400 for the vaccine.
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Table 4
Turnbull willingness to pay distribution functions (n = 972).
Turnbull CDF

Duration (years) 1 20 1 20
Efficiency (%) 70 70 98 98
Bid Range ($)
0-10 0.130 0.103 0.099 0.053
10-20 0.205 0.244 0.197 0.133
20-80 0.464 0.459 0.545 0.465
80-200 0.705 0.633 0.721 0.663
200-400 0.829 0.785 0.823 0.766
400-600 0.891 0.864 0.871 0.818
600-800 0.964 0.932 0.930 0.887
800+ 1.000 1.000 1.000 1.000

Our analyses have several limitations. Even though the study
used an established online panel of Ecuadorian individuals, and
the distribution of income and household size in the sample were
similar to those in the population, the sample differed from the
population across other important characteristics including educa-
tion, region, and location of residence [26]; therefore, generaliz-
ability of the results should be done with caution. For example,
according to Ecuador’s National Institute of Statistics and Census
[64], 33% of the population live in rural compared to only 14% in
our sample. Similarly, 16.5% of individuals in the population are
estimated to have college education [64]| compared to 72% of sam-
ple respondents in our sample, even though education level was
not found to be associated with WTP for the vaccine.

Another concern is the use of hypothetical vaccine scenarios at
a specific point in time. The use of hypothetical scenarios might
lead to biases in individual responses, although some recent evi-
dence suggests stated preferences methods can be accurate for
prediction of actual vaccination uptake [65,66]. Preferences for
the vaccine might also change through time as more people get
infected, knowledge about the disease and its management
improves, treatments for disease are developed; and even when
a vaccine becomes available, as more and more individuals in the
population get vaccinated. Future research can be conducted to
evaluate the dynamics of WTP for a vaccine in the population.
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Fig. 3. Aggregate demand curves for the COVID-19 vaccine.

8096



0. Sarasty, C.E. Carpio, D. Hudson et al.

Finally, although this is the first study to explore the effect of a
COVID-19 vaccine attributes on demand, only the efficacy and
duration of protection attributes were considered. Future research
could explore the effect of other vaccine attributes that have been
found to affect vaccine acceptability and demand such as the num-
ber of doses of the vaccine needed and risks of side effects [22].
Moreover, a more comprehensive definition of efficacy can be con-
sidered encompassing not only the ability of a vaccine to prevent a
disease but also the reduction of symptoms associated with the
disease if infected [67].

5. Conclusions

The rapid spread of COVID-19 throughout the world and its
large negative economic effect have spawned a global vaccine race,
the discovery of which is crucial. However, only high levels of vac-
cine acceptance and uptake can ensure we reach herd immunity.
Therefore, every country must evaluate its readiness and design
national plans and policies for the distribution of the vaccine, espe-
cially in developing countries with insecure and poorly funded
health systems. The plans should include aspects related to both
the logistical aspects (e.g., production, transportation, storage, dis-
tribution, and geographic coverage) and issues related to public
demand and acceptability.

The results of this study have several implications for the
deployment of a COVID-19 vaccine in Ecuador. While the results
indicate that 97.4% of the population in Ecuador would accept a
vaccination, 15% of the population would not pay for the vaccine
(mainly for ideological and economic reasons). This last group is
critical, as it can jeopardize the success of the vaccination cam-
paign. Moreover, depending on the vaccine price, some subsidies
might be needed to provide the vaccine for the poorest individuals
that cannot afford it. In contrast, given that a large proportion of
individuals is willing to pay for the vaccine, the private sector
can also play an important role in accelerating vaccine deployment
and extend coverage. Our results also indicate that communication
and information about COVID-19 and the vaccine should be con-
sidered when planning for the immunization campaign. While
most public discussion centers around COVID-19 vaccine develop-
ment and countries are still fighting the disease, it is paramount for
public health leaders to be planning for a successful vaccine
deployment.
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Table A1
Respondents’ perceptions and knowledge regarding COVID-19.
Variable Mean Standard
deviation
What do you think is your probability of contracting  33.96 24.00
COVID-19?% (n = 949)
What do you think is your probability of being 32.77 26.67
hospitalize in case of contracting COVID-19? *
(n=935)
What do you think is the mortality rate in case of 2325 17.24
contracting COVID-19? %(n = 953)
Knowledge score with respect to recommendation to  11.27 1.87
reduce spread, forms of transmission and
symptoms of COVID-19 (n = 972)
Notes. # Sample size as noted because of respondents skips.
Table A2
Responses to double-bounded dichotomous questions (n = 972).
Question Responses
First discrete choice Yes No
question
Percentage of 45,78 54.22
respondents (%)
Second discrete Yes No Yes No
choice question
Percentage of 44.49 55.51 18.98 81.02
respondents (%)
Table A3
Log-likelihood and AIC by statistical distribution.
Distribution Log-likelihood AIC
Normal -1,258.4 2,526.8
Log-normal —1,080.0 2,170.0
Log-logistic —1,082.5 2,175.0
Weibull —1,085.0 2,180.0
Exponential -1,154.4 2,316.8

Notes. Models estimated using as
efficiency.

explanatory variables vaccine duration and
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