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Abstract

Background The coronavirus disease (COVID-19) pandemic has considerably affected the lives of people worldwide,
impacting their health and economic welfare, and changing the behavior of our society significantly. This situation may lead
to a strong incentive for people to buy a vaccine. Therefore, a relevant study to assess individuals’ choices and the value of
change in welfare from a COVID-19 vaccine is essential.

Objective This study aimed to estimate the willingness-to-pay (WTP) value for a vaccine for COVID-19. We also identify
the variables that influence individual vaccination decisions, which could be used in the design of vaccination promotion
strategies.

Methods We use the contingent valuation method in its double-bounded dichotomous choice format. The estimation coeffi-
cients are calculated according to the maximum likelihood method under the assumption of a probit distribution. The sample
consisted of 531 individuals, mainly from middle- and high-income socioeconomic groups from Chile between enrolled
between 10 July and 10 August 2020.

Results The results show a high WTP for the COVID-19 vaccine, with a value up to US$232. Income and education levels
and having family members with COVID-19 increased the likelihood of persons paying for a vaccine. There is also a greater
fear as the pandemic progresses that people will get sick from COVID-19.

Conclusions The high WTP value creates an opportunity for formulating public health policy. The results of this study sug-
gest that governments can provide the vaccine free to low-income groups and allow those with higher incomes to acquire
the vaccine through the private sector by paying. This will be useful especially for countries with economic difficulties.

1 Introduction
Key Points for Decision Makers
The coronavirus disease (COVID-19) pandemic has con-

In health systems with budget constraints, vaccination siderably affected the lives of people worldwide, affecting
against COVID-19 could mix public and private financ- their health and economic welfare, significantly chang-
ing, Where people with the highest incomes pay for their ing the behavior of our society, and affecting individuals’
VEISEIMER: mental health [1-6]. Additionally, the reduction in global
Promotional campaigns to get vaccinated should focus economic activity in most industries has reduced employ-
primarily on people with less education and consider the ment opportunities, among other impacts. This may cause
motivating factors for this. people to increase their willingness to pay (WTP) for a

vaccine to reduce possible adverse effects from the dis-
ease, despite some people refusing the vaccination because
of ethical, religious, social, or economic reasons and fear

The possibility of getting vaccinated increases for people
who have had relatives with COVID-19, so they can

be considered part of the target group for vaccination [7-11].
campaigns. We previously found that the WTP was about US$184
in Chile between April and 5 May 2020 [6], which is
D4 Leidy Y. Garcia almost five times higher than that found for Malaysia [11].
Igarcia@utalca.cl Among middle- and higher-income classes in Chile, at
Arcadio A. Cerda that time, the number of cases and deaths due to COVID-
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increased by 3,176% and 5566%, respectively, in Chile
(303,083 infected and 6573 deaths). In addition, the num-
ber of people in intensive care has increased from 387 to
2053 (a 430% increase), and the availability of mechanical
ventilators decreased by 37% (from 579 to only 364) [12].
Globally, cases and deaths increased by 435% and 260%,
respectively, for the same period [13]. Further, accord-
ing to preliminary information from the Central Bank of
Chile, the monthly Economic Activity Index in June fell by
12.4% compared to June of the previous year [14]. Moreo-
ver, the number of unemployed people increased by 42.9%,
and unemployment rose to 12.2% in the April-June 2020
quarter, which is the highest level of unemployment seen
in Chile in this decade [15].

Given the increase in the number of infected people
[16], as well as the reduction in economic activity and
employment, it is expected that people’s WTP for a vac-
cine against COVID-19 should increase after 3 months
since the last study [6]. This is because people are expe-
riencing a greater fallout from the pandemic. Despite the
fact that some countries have already declared that the vac-
cine will be free of charge (Australia) [17], it is expected
that in other countries it will be free only for the lower-
income groups, while the wealthier people will pay for
their vaccines through private clinics, given the budget
restrictions on health-care spending.

There are few studies on WTP for the upcoming vaccine
against COVID 19; Garcia and Cerda [6] for Chile, Hara-
pan et al. [18] for Indonesia, Wong et al. [11] for Malay-
sia, and Sarasty et al. [19] for Ecuador. They all used the
contingent valuation method (CVM); while the first used
the double dichotomous format, the other two used the
simple format, and found average values of WTP between
US$57.20 and US$277. It should be noted that the double-
bounded dichotomous choice format has the advantage of
being statistically more efficient in estimating variance and
obtaining precise confidence intervals for WTP [20, 21]
than the simple format. Dong et al. [22] used the choice
experiment method under the estimation of a logit model
and found that the WTP for a vaccine with 90% effective-
ness is between US$68 to US$2986 for China. Considering
the existing literature, we also estimated the WTP using
the CVM for the Chilean case, when the pandemic was at
its peak in terms of infections, mortality, and the occupa-
tion of emergency beds, which could affect the risk percep-
tion of individuals and with it the valuation of the vaccine.

The objective of this study was to estimate the WTP for a
COVID-19 vaccine in Chile and identify the main variables
affecting this value. This will provide information about
the social value of the vaccine and the tools necessary for
designing public health policies on vaccination. We used
CVM analysis in its double-bounded dichotomous choice
format, using a probit distribution function (this method is
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frequently used in the valuation literature for goods and ser-
vices) [6, 16, 19, 23-25]. Additionally, this study aimed to
obtain information on why some people refuse to pay for
vaccination.

2 Methods

The objective of the contingent valuation of non-market
goods is to find the value of the compensatory variation or
equivalent variation associated with a change in the provi-
sion of the public good [26]. In other words, the contingent
valuation determines whether the change in the provision
of the vaccine implies a change in the level of well-being.
This change in well-being is estimated through the WTP for
the contingent or hypothetical benefactor, in our case the
COVID-19 vaccine.

There are two methods for estimating the WTP using
the theory of random utility: the method of choice experi-
ments and the CVM. The first is used when there are more
than two choice alternatives, while the second is used when
there are only two alternatives (yes or no) [27, 28]. It is
more appropriate to study the COVID-19 vaccine through
the change in welfare, due to its provision, while consid-
ering the alternatives of paying or not paying for the vac-
cine. Therefore, given our objective and choice alternatives,
we estimated the WTP through the CVM. This is the most
widely used method in the literature and has the advantage
of being direct, better reflecting the change in well-being,
since information comes from the individuals themselves,
and allows determination of the extant assessment [29-32].
Its main disadvantage lies in the hypothetical nature of the
method, since individuals may not answer truthfully (e.g.,
the person believes that if they indicate that they would pay,
then they would not qualify for a free vaccine if available)
or a hypothetical bias generated by the differences between
what the individual declares that he would pay and his actual
behavior [32].

2.1 Survey Description

The information was collected through an online and self-
administered questionnaire (Supplementary Material 1). The
survey was answered by 531 individuals between 10 July and
10 August 2020. The target population comprised people
between 18 and 90 years of age, mainly in the middle- and
higher-income groups, given that it is expected that lower-
income groups will get the vaccine for free from the govern-
ment. The questionnaire was validated by experts through a
focus group and a pilot survey using 53 individuals.

Active recruitment was used to reduce the limitations
in data gathering. Open invitations were sent through
social media networks and promoted using advertisements
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according to the objective of the research and the target
group (similarity between social medial profile and charac-
teristics required in the population). The initial number of
questionnaires required based on a simple probability sam-
pling, considering an error of 5% and a maximum variance
and confidence level of 95, was 386. The final sample size
(N = 531) was greater, reducing the sampling error. Addi-
tionally, 87.4% of the population in Chile has access to the
internet [33] and 71% use social networks [34]. This reduces
the representativeness problems of online surveys.

Research shows that an individual’s WTP depends on
several variables including individual preferences, income,
taste, attitude, perception toward a vaccine (such as “good”),
and sociodemographic characteristics [35, 36]. Therefore,
the questionnaire was divided into three sections to collect
this information. The first section contained 20 questions
related to pandemic knowledge, individuals’ self-perception
of their risk of infection, and information on their medi-
cal condition (chronic diseases, if any). The second section
included two subsections, one related to the description of
a contingent market as well as a question of WTP for a vac-
cine, and the other comprised individuals’ reasons for their
unwillingness to pay for a vaccine. Finally, the third section
included two further subsections, one related to sociodemo-
graphic information (ten questions) and another related to
educating children under the pandemic. However, this last
section (16 questions) is not discussed in here.

Before the respondents were given access to the question-
naire, they were informed that the survey was voluntary and
that the information that they provide will be confidential.
Additionally, respondents were informed that their responses
will be analyzed in aggregate form (not individually) and will
not be disclosed as an individual response. Once they accepted
these conditions and provided informed consent, access to the
questionnaire was granted.

2.2 Econometrics Analysis

There are two approaches in the CVM: the Hanemann’s indi-
rect utility function [37] and Cameron’s valuation function
[38]. According to Park and Loomis [39], both approaches
give similar values of the mean WTP and its interval. We use
the Hanemann’s approximation because it is simpler, more
direct, and does not require specifying the form of the unob-
served utility function. For the estimation of the WTP, we use
the double dichotomous format since it has greater efficiency
and less ambiguity about the recovered preferences [40].
Econometrically, we estimate the mean of the WTP based
on a probit following Lopez-Feldman [41], under the double
dichotomous format using Stata software release 16 (Stata-
Corp, College Station, TX, USA). This allows efficient use of
the individual information to estimate WTP while considering
the covariates’ effects [19, 25, 42].

The bid vector was obtained from a pre-survey of 114 indi-
viduals who expressed their WTP for a vaccine in an open-
ended format. Using this information, we estimated the bid
vector using an iterative routine with the objective of finding
the minimum mean square error of the bid design. For this,
we assumed a log-normal distribution with a limit of 10 bid
values (bid;). Using these bid values, we obtained the upper
(bid,) and lower limits (bid,) of each by adding or subtracting
half of its value, respectively (Table S1, Online Supplemental
Material (OSM) 2).

The contingent market provided information on individuals
with respect to the number of cases and deaths from COVID-
19 in Chile and the rest of world between 18 April and 8 July
2020. Moreover, information was provided about the number
and changes in the number of people in intensive care and the
availability of mechanical ventilators and the possible con-
sequences of COVID-19, among other relevant information.

Subsequently, each respondent is assigned some random
value of the payment vector. First, we offered a specific amount
(bid,); if the respondent was willing to pay that amount, we
offered a higher amount (bid,); and if the respondent was not
willing to pay the initial amount, we offered a lower amount
(bid,). Figure 1 is a schematic representation of the double-
bounded dichotomous choice experiment.

3 Results
3.1 Summary Statistics

The total valid responses reached 531 observations, wherein
17% (91 individuals) refused to pay for a vaccine (Fig.
S1, OSM 2). The sample demographics included 71.3%
medium- to high-income individuals, with an average
monthly income of US$2440; 72.83% were adults between
30 and 59 years of age; 59.2% were women; 76.6% had a
university education; and 43.4% had children attending
school. Of these groups, 97.93% claimed that they were
well informed about the implications of the COVID-19 pan-
demic; 54.6% stated having fears that had increased during
the last 3 months of the pandemic; 78% declared that they
were risk averse; and 12.81% said they were risk neutral.
Furthermore, 52% belonged to the private health system;
35.4% had chronic diseases; and 77.97% had relatives with
chronic diseases (Table 1).

Most of the respondents displayed a high level of knowl-
edge about the effect of SAR-CoV?2 on health (65%). The
respondents agreed or strongly agreed (75%) that the pan-
demic will reduce economic activity and employment. Con-
sidering the perception about government performance to
combat the pandemic, less than 20% of the people believed
that it has been good or excellent. Furthermore, when the
actual perception was compared to the one recorded 3
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Fig. 1 Process of offering the
different payment values (bid)
to the respondents. bid; = initial
payment vector, bid, = lowest
bid respect to initial payment
vector, and bid, = highest bid
respected to initial bid;, for

i = 1-10 (quantity of offers).
See the values of the bid

and sampling distribution in
Table S1, Online Supplemental
Material 2

Are you willing to pay for a vaccine
against Covid-19?

Are you willigness to pay a lower bid equal Are you willigness to pay a higher bid
to US$bid,? equal to US$bid,,

_

months ago, it was found that 51.79% believed that the gov-
ernment’s performance in managing the pandemic had got-
ten worse (Table 2) (see OSM 1, section B, for more details
of the scenarios).

3.2 Model Estimation and Willingness-to-Pay
Welfare Measures

Following Lopez-Feldman [41], Table 3 shows the results
from the double-bounded dichotomic choice models and
the WTP. The basic model assumes that there are no other
co-variables. It can be seen that the coefficient signs are in
line with the literature, that is, an inverse relationship exists
between the vaccine price and the probability of paying for
the vaccine. This means that a higher price will reduce indi-
viduals’ probability of paying for a vaccine. The expanded
model represented the best-fit model, after considering 15
variables, where in addition to the vaccine price (p <0.05),
the co-variable income (p <0.01), education level (p <0.05),
and the having relatives with COVID-19 (p <0.05) all have
a positive impact on the probability of paying for a vaccine
against COVID-19.

Table 3 shows the main results of the welfare measures and
the confidence intervals under different assumptions. These
were estimated using the Krinsky and Robb approach with
10,000 repetitions [43]. The Wald test indicates that the model
is statistically significant. Moreover, we present unrestricted
welfare measures because this is corrected for individual cases
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where the WTP can become negative in the estimation pro-
cess, and with this adjustment, the WTP increased by 10%. For
the expanded model, the unrestricted WTP estimate value is
US$232 per vaccine at 99% of confidence. This value is quite
high, but it is reasonable for people from middle- and high-
income groups. Additionally, to make our results more robust,
the WTP was estimated through other methods (Table S2,
OSM 2).

3.3 Reasons for Refusing the Vaccine

The main reasons for respondents refusing to pay for the vac-
cine are as follows: the government should pay for the vac-
cine (44%), the vaccine is not important (16%), I do not have
enough money (11%), those who caused the virus must pay for
it (10%), it is immoral to pay for a vaccine (10%), and society
has bigger problems/I do not want to pay (8%). These results
show that almost 90% of the refusal responses are protest
responses (Fig. 2). It should be noted that the respondents can
choose more than one option when rejecting WTP, reaching
in our study a total of 116 choices from the 91 respondents.

4 Discussion

Our study showed a positive valuation of the WTP for a
vaccine against COVID-19 and found it to be higher than
the value found 3 months before this study [6] (56% higher)
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Variable Original Estimation Total rejec- Protest Income
sample, sample, tion, n =91 reasons, reasons,
N=531 n =440 n (%) n=78 n=13
n (%) n (%) n (%) n (%)
Age, years
18-29 61 (12) 57 (13) 44) 34) 1(8)
30-39 120 (22) 105 (24) 15 (16) 13 (17) 2 (15)
40-49 136 (26) 113 (26) 23 (25) 19 (24) 431
50-59 130 (25) 99 (23) 31 (34) 27 (35) 431
> 60 83 (15) 65 (14) 17 (19) 15 (19) 2 (15)
Gender
Female 212 (40) 182 (41) 30(33) 28 (36) 2 (15)
Male 314 (59) 255 (58) 59(65) 48 (62) 11 (85)
Not defined 4(1) 3() 212 23) 0(0)
Education
Preliminary school 6 (1) 2(1) 44 4(5) 0(0)
High school 45 (9) 31(7) 14 (15) 12(15) 2 (15)
Technical 73 (13) 52(12) 21(23) 19(24) 2 (15)
University degree 231 (44) 207 (47) 24 (26) 19(24) 5(38)
Graduate degree 175 (33) 148 (34) 27 (30) 23 (29) 4 (31
Monthly income (US$)
<569 90 (17) 56 (13) 34 (37) 28 (36) 6 (46)
570-953 62 (12) 45 (10) 17 (19) 16(21) 1(8)
954-1,476 64 (12) 53(12) 11 (12) 11 (14) 0 (0)
1477-2186 83 (15) 73 (17) 10 (11) 709) 3(23)
> 2186 231 (44) 213 (48) 18 (20) 13(17) 3(23)
Type of health system
Public 224 (42) 166 (38) 58 (64) 51 (65) 7 (54)
Private 274 (52) 251 (57) 23 (25) 20 (26) 3(23)
Other 33 (6) 23 (5) 10 (11) 6(8) 3(23)
Fear of getting infected increased in last 3 months
290 (55) 247 (56) 43 (47) 36 (46) 7 (54)
Family or relative with COVID-19
45(9) 33 (8) 12 (13) 10 (13) 2 (15)
Family or relative recovered from COVID-19
93 (18) 70 (16) 23 (25) 19 (24) 4(31)

Table 2 Context variables by frequency of respondents () and percentage (%)

Context variables Mean Strongly Disagree, n (%) Neither agree or Agree, n (%) Strongly agree, n (%)
disagree, n disagree, n (%)
(%)
Good knowledge about COVID-19 35 90 (16.95)  53(9.98) 41 (7.72) 200 (37.66) 147 (27.68)
Pandemic reduced employment 3.7 85 (16.01) 47 (8.85) 2(0.38) 205 (38.61) 192 (36.16)
Pandemic reduced economic activity 3.7 88 (16.57) 47 (8.85) 3 (0.56) 200 (37.66) 193 (36.35)
Adapting work at home 3.3 89 (16.76) 77 (14.5) 76 (14.31) 167 (31.45) 122 (22.98)
Perception of good government response 2.2 189 (35.59) 190 (35.78) 58 (10.92) 71 (13.37) 23 (4.33)
Perception of improved government response 2.1 110 (20.72) 165 (31.07) 61(11.49) 85 (16.01) 110 (20.72)
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Table 3 Estimation of double-

Basic model
Coefficient (standard error)

Expanded model
Coefficient (standard error)

. . Variable

bounded discrete choice models

and willingness-to-pay (WTP)

estimates for the basic and

expanded model Mean WTP (beta) ($)
Constant
Income
Education

Relative with COVID-19

Sigma

Sample

log-likelihood

Wald Chi2(3)

WTP estimates

95% confidence interval WTP ($)

252.213% 231.924
(16.668) (16.497)
6.465
(13.102)
53.488°
(21.268)
29.412¢
(21.267)
103.376°
(60.638)
296.07 278.83%
(20.675) (19.426)
440 440
—581.541 —559.285
35.42°
220 to 285 200 to 264

Values are in US dollars
ip <0.01
®p <0.05
°p <0.10

in the case of Chile. Because the sample population in this
study is different, it does not necessarily mean that the
value has increased since the beginning of the pandemic,
but it can indicate that the population now values the vac-
cine more. The WTP is about 7.5 times higher than that
found in the Malaysian study (US$30.70) [25], but within
the range of the WTP found in the Romanian study, which
was US$59.26-US$474.08 for the high-income population,
and US$23.70-US$237.04 for the general population [44].
This can be explained by the fact that the per capita income
of Chile is 31.5% greater than that of Malaysia and 15.3%
higher than that of Romania [45]. Moreover, the results are
consistent with three issues: first, people became more afraid
of becoming infected as the pandemic progressed; second,
people’s perception of the government’s performance in
addressing the pandemic has worsened; and finally, hav-
ing relatives with COVID-19 had an impact on people. The
above explanation represents the evolution of the WTP in
Chile. Moreover, people with a higher income were more
likely to pay for a vaccine, showing that in terms of public
policy, the vaccine may be free for low-income groups while
higher-income groups could pay for it.

Further, our study found that the acceptance rate of vac-
cination for COVID-19 was 83%, which is within the range
of that in other studies and surveys, varying between 44% in
Romania to 87% in Australia [46]. Therefore, public health
policymakers should consider these findings on vaccination
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rates and WTP to guide the strategies for vaccination cam-
paigns against COVID-19. For example, if a country faces
a significant budget constraint, it could provide the vaccine
for free to at-risk and economically vulnerable groups only
and have the higher-income population pay for the vaccine.
Bearing in mind that the WTP could be influenced by indi-
vidual perception of the effectiveness of the vaccine, the
baseline scenario presented to respondents and different
socioeconomic variables, the findings are in line with those
of Harapan et al. [18].

Additionally, our findings show that education is a deter-
mining variable in evaluating the vaccine. Therefore, infor-
mation campaigns should focus on education and motivation
toward vaccination for COVID-19. Specifically, according to
our results, vaccination campaigns should focus on promot-
ing the vaccine to groups with a low educational level, since
they are less likely to want to be vaccinated. This is because
their health literacy and education may be lower [47] and
they are unaware of the risks of the disease [48]. Addition-
ally, people who have experienced the disease at home are
more likely to pay and get vaccinated. Another important
aspect is to consider the reasons for refusing to pay for the
vaccine, since results show that there are small groups of the
population that do not consider the vaccine to be important
and will not get vaccinated; this is a risk to public health [49]
. Therefore, any campaign that is developed should consider
this group as well.
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Fig.2 Sample distribution of
willingness to pay (WTP) and
frequency of refusal reason.
bid; = initial payment vec-

Are you willing to pay for a vaccine against Covid-19?

N (%)
531 (100)

tor, bid; = lowest bid respect
to initial payment vector, and
bid, = highest bid respected
to initial bid;, for i = 1 to 10
(quantity of offers). See the
values of the bid and sampling
distribution in Fig. S1, Online
Supplemental Material 2.
*Respondents could choose
more than one option when
rejecting WTP, reaching in our
study a total of 116 choices
from the 91 respondents

19 (16)

13 (11)

12 (10)

vaccine
12 (10)

If we compare the information regarding the situation
of the COVID-19 pandemic given to the respondents, cor-
responding to 7 July 2020, with respect to what is currently
happening, specifically on 20 January 2021, we can observe
that the diagnosed cases have increased by 125%, reaching
a total of 680,740 people, where the recovered cases are
639,091; the number of deaths increased by 168%, reaching
a total of 17,594 in the country. However, there has been
a 50% reduction in the number of people hospitalized in
intensive care, reaching a total of 1024 individuals. Given
the changes in the situation of the pandemic, it can prob-
ably affect the WTP, as we observed in our two studies
with respect to Chile. The direction of the change in the
WTP in the future will vary depending on how individuals
weigh the different factors of the socioeconomic and health

I
\[o)
91 respondents (17)
Reasons to refuse vaccination*

The government should pay
for the vaccine

51 (44)

The vaccine is not important

| don't have enough money

Those who caused the virus
must pay for it

1

Yes
440 respondents (83)
Are you willingness to pay bid;?

J
I 1
No Yes
148 (34) 292 (66)

Are you willigness to pay a
higher bid like bid,?

L No
82 (28)
T Yes
210 (72)

Are you willigness to pay a
lower bid like bid,?

\[e]
= 103 (70)

Yes
- 45 (30)

It is immoral to pay for a

Society has bigger problems
/1 don’t want to pay

9 (08)

environment, including the implicit risks of being infected
or the possibility of obtaining a vaccine as soon as possible.

There are some limitations to this study, the first being the
data collection method since the sample may not be fully rep-
resentative of the middle- and higher-income level population
of Chile, despite the fact that an active recruitment system was
used to reduce this limitation. Additionally, although CVM is
widely used, some authors postulate that biases can be gener-
ated by the respondent’s lack of understanding of the contingent
market [50]. In addition, the online data collection method is a
limitation of this study, but given the travelling restrictions pre-
sent in countries, it was the best way available to obtain relevant
data. Thus, the sample may not be fully representative of the
population of Chile. However, we used an active recruitment
system to reduce this limitation of our research.
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5 Conclusions

The progression of the pandemic has affected not only the
people’s health of people but also their livelihoods. How-
ever, it may have also influenced the WTP for a vaccine
against COVID-19. Specifically, fear of infection may be
increasing as well as the probability of the WTP a higher
price for vaccines. In addition to education level and income,
this value and probability is also positively affected by an
individual having had a relative or family member sick with
COVID-19. However, the same result does not hold when
people have recovered. Based on the findings in this study,
the government could provide the vaccine for free to low-
income groups and allow high income groups to purchase
the vaccine in the private sector. Additionally, any vaccina-
tion campaign design should focus on influencing education
through information and increasing the vaccine’s acceptance
rate, while considering the country’s public health situation.
Therefore, every country should design its own campaign
according to its public health situation, considering the gen-
eral guidelines of international scientific studies.
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