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Abstract

Background Public health experts estimate that only very high COVID-19 vaccine uptake levels can result in herd immunity.
Objective This study’s main objective was to evaluate the impact of vaccine price levels, including payments, and the efficacy
levels on COVID-19 vaccine demand.

Methods Data for this study were collected from an online survey of 2000 US individuals aged 18 years and older, which
included a set of contingent valuation questions. Parametric and nonparametric procedures were used to estimate the dis-
tribution of willingness-to-pay and willingness-to-accept values for the vaccine and to assess its association with vaccine
efficacy levels (50, 70, and 95%).

Results Most of the individuals (60%) indicated they were willing to pay a positive amount for the vaccine; 13.7% said they
would only accept the vaccine if it were free; 14.1% were willing to take the vaccine only if they were paid; and 12.2% were
not willing to accept the vaccine. The vaccine efficacy level was found to affect an individual’s demand for the vaccine.
Estimated mean willingness-to-pay values were: US$594, US$706, and US$723 for vaccines with efficacy levels of 50, 70,
and 95%, respectively.

Conclusions US individuals highly value the COVID-19 vaccine, and about 88% of the US population would accept the
vaccination; however, 14% indicated they would get vaccinated if compensated. Payments of about US$500 or more would
be needed to sufficiently incentivize 50% or more of this group vaccinated.

Key Points for Decision Makers 1 Introduction

This study found that about 88% of the US population One of the most significant medical accomplishments in
would accept the COVID-19 vaccine but 14% indicated 2020 was the successful development in less of a year of
they would get vaccinated only if compensated. a vaccine against the severe acute respiratory syndrome

coronavirus 2, the cause of the coronavirus disease 2019
(COVID-19). As of 24 August, 2021, 99 vaccines are now
reported in clinical trials on humans, and 20 vaccines have
been authorized and approved for use in several countries

It is estimated that payments of at least US$525 are
needed to sufficiently incentivize 50% or more of those
willing to get vaccinated only if compensated.

As vaccine efficacy levels were also found to affect [1]. However, several challenges remain regarding their
vaccine demand, vaccines with relatively lower efficacy deployment, including vaccine manufacturing, distribution,
levels may result in higher vaccine hesitancy. and public acceptance.

Public health experts estimate that only very high

COVID-19 vaccine uptake levels (70-90%) can result in

the final objective of reaching the herd immunity needed to

return to normal life. Some economists have suggested pay-

5 Carlos E. Carpio ing people to get the COVID-19 vaccine to overcome vac-
carlos.carpio@ttu.edu cine skepticism and increase its acceptance [2-5]. It is also
reported that some employers plan to provide (or are already
providing) financial incentives to their employees to increase
vaccination rates, including 401 (k) deposits (i.e., deposits on
employer-sponsored pension accounts), cash, and gift cards
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[6]. Paying individuals to get vaccinated can be justified,
as vaccination against COVID-19 benefits the individual
receiving the vaccine and their community, as broad vac-
cination decreases the number of hosts for the virus. Still,
little is known about the potential effect of financial incen-
tives to increase COVID-19 vaccination rates. Therefore,
this study’s main objective was to evaluate the impact of
vaccine price levels, including payment, on the demand for
COVID-19 vaccines. A secondary objective was to assess
the effect of vaccine efficacy level information on demand
and acceptability.

The economic concept of willingness to pay (WTP) has
been used widely to assess individuals’ vaccine acceptability
and demand [7-11]. Willingness to pay provides a measure
of the maximum amount of money an individual is willing
to give for acquiring a product or service. Getting vacci-
nated includes both expected benefits as well as expected
costs. Expected benefits include avoiding direct (e.g., medi-
cal costs) and indirect expenses (e.g., lost income due to the
disease) related to an illness. Expected costs include those
associated with acquiring the vaccine (price paid, time spent
waiting in line) and costs associated with vaccine potential
side effects. Individuals’ WTP value for a vaccine can then
be interpreted as an individual valuation of the expected
net benefits (benefits—costs) provided by a vaccine which,
in most cases, are assumed to be positive. However, it is
also possible that some individuals’ valuation of a vaccine
is negative if, for example, they believe a vaccine is unneces-
sary, has a high price tag, or can result in costly and adverse
side effects. Individuals would then need to be compensated
for accepting a vaccine. Willingness-to-accept (WTA) val-
ues measure the minimum compensation an individual will
require to get vaccinated.

Several studies have evaluated individuals® WTP for
hypothetical vaccines, including the COVID-19 vaccine
[12-18]. There is also a more limited thread of literature
assessing the use of financial incentives to promote vacci-
nation [19-22]. This study evaluates vaccine demand and
acceptability using a contingent valuation approach that
encompasses both WTP and WTA values. The study aims
to inform public policy discussion regarding the use of dif-
ferent mechanisms and policies to promote COVID-19 vac-
cination acceptance.

2 Methods

2.1 Data and Survey Instrument

Data for this study were collected from a survey of US indi-
viduals aged 18 years and older. The survey collected infor-

mation on individuals’ acceptability and knowledge about
COVID-19 vaccines, sociodemographic characteristics, and
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responses to a set of contingent valuation (CV) questions.
The CV questions were used to determine: (1) the proportion
of individuals’ willing to accept vaccination based on their
WTP or WTA a payment, and (2) WTP and WTA values
for those willing to pay and those willing to get vaccinated
when offered a payment, respectively (Fig. 1). Amazon’s
Mturk was used for the online data collection from a national
sample of 2000 individuals in the USA from 24 December,
2020 to 2 January, 2021. A total of 1895 complete observa-
tions were available for statistical analyses. The Institutional
Review Board of Texas Tech University, Lubbock, Texas,
USA (IRB2020-288) approved the study on 25 March, 2020.

Data collection for the study was conducted after the US
Food and Drug Administration (FDA) emergency authorized
the Pfizer-BioNTech (11 December, 2020) and Moderna (13
December, 2020) vaccines [1]. At the time, fewer than 4.2
million vaccines had been administrated (2 January, 2021)
[23]. Moreover, the country was experiencing what has been
the largest number of daily cases and deaths: more than 2000
deaths and more than 187,000 new cases daily (largest num-
bers were reached around 9-13 January, 2021) [24].

2.2 CV Questions

The section with the CV questions began by providing
respondents with an explanation of the vaccine to prevent
COVID-19 (see Appendix 1). The vaccine description
included information about its efficacy and price. Vaccine
efficacy was described as the reduction in an individual’s
infection risk after vaccination relative to the infection risk
of another individual who has not received the vaccine.
When the survey was conducted, two approved vaccines
against COVID-19 were already available in the USA with
reported efficacies of about 95% [1]. Moreover, the FDA
requires a minimum efficacy rate of 50% for COVID-19
vaccine approval; thus, the CV questions considered three
efficacy levels: 50, 70, and 95% [25, 26].

Two initial screening questions were used to differentiate
individuals’ WTP for the vaccine and individuals willing to
get vaccinated if a payment was offered: (1) Would you be
willing to pay to get a coronavirus vaccine immediately?
(2) Would you accept getting vaccinated immediately if the
vaccine was free? (asked if individuals answered “No” or “I
don’t know” to the previous question) (Fig. 1). Individuals
willing to pay for the vaccine were asked first whether they
would buy a COVID-19 vaccine at an initial price assigned
randomly. If they answered “Yes” to the initial price, they
were asked whether they would buy the vaccine at a higher
price. If the respondent answered “No” to the initial price,
they were offered the vaccine at a lower price.

Individuals not willing to accept the vaccine for free were
asked whether they would get the vaccine if offered an initial
payment value assigned randomly. If they answered “Yes” to
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Would you be willing to pay to get immediately a

coronavirus vaccine that is XX% effective (2-dose schedule)?

Yes #4

i

Would you be willing to pay SXXXX to get immediately the
coronavirus vaccine that is XX% effective (2-dose schedule)?

« ~ No/ldon’t
Know

i l

Would you be willing to pay Would you be willing to pay
SXXXX to get immediately the SXXXX to get immediately the
coronavirus vaccine that is XX% coronavirus vaccine that is XX%
effective (2-dose schedule)? effective (2-dose schedule)?

Yes

Fig. 1 Decision tree contingent valuation procedure

the initial offer, they were asked whether they would accept
the vaccine at a lower payment value. If the respondent
answered “No” the initial offer, they were offered a higher
payment to get vaccinated.

Prices and payments used in the CV were selected using
an experimental sequential design with three rounds of sur-
veys (n = 100 in the first round, » = 900 in the second,
and n = 1000 in the third round), which has been shown to
improve the efficiency of WTP and WTA estimation [27].
Prices used in the first round were determined based on esti-
mated COVID-19 vaccine wholesale prices (US$4-US$50/
dose), a mark-up for vaccine delivery (US$20-US$40), and
the possibility that some consumers would be willing to pay
above these levels to get the vaccine immediately (about
US$100); thus, initial prices included: US$25, US$50,
US$100, US$150, and US$250 [28, 29]. Payments offered
in the first round of surveys were US$50, US$150, and
US$ 250. The initial price bids were US$50, US$100, and
US$150. The follow-up prices were US$25 for respondents
who answered “No” to the US$50 initial price and US$250
for respondents who answered “Yes” to the US$150 initial
price. The initial payment offered was US$150. The follow-
up payments were US$50 for individuals that accepted the
first offer and US$250 for those that declined it.

Results from the first round of surveys were used to esti-
mate preliminary WTP function models assuming a normal

Yes

No/ldon’t
Know
W

\
v

A

Would you accept to get vaccinated immediately if
the vaccine was free? (At no extra cost)

« » No/ldon’t
Know

\4
Would you get the coronavirus vaccine that is XX%
effective immediately if you were paid SXXXX (2-dose schedule)?

a » No/ldon’t
Know

i l

Would you get the coronavirus Would you get the coronavirus
vaccine that is XX% vaccine that is XX%

effective immediately if you were effective immediately if you were
paid SXXXX (2-dose schedule)? paid SXXXX (2-dose schedule)?

Yes

distribution. Parameters from the distribution were then
used to select values covering approximately 10th—20th
and 80th—-90th percentiles of the distribution [15, 16].
The following payments (negative prices) and prices were
used in the second round of surveys: US$—300, US$-200,
US$-100, US$50, US$100, US$200, US$400, US$600, and
US$800. The values were assigned following the same pro-
cedure used in the first round of surveys. Similarly, results
from the second round of surveys were used to estimate a
normal WTP distribution function model and define new bid
values to cover approximately 10th—20th and 80th—90th per-
centiles of the distribution in the third round [15, 16]. This
was necessary, as the estimated parameters changed after the
second round. The following prices were used in the third
and last round of surveys: US$—-650, US$—-350, US$-50,
US$100, US$350, US$600, US$850, and US$1100.

2.3 Statistical Analyses

Data were analyzed using SAS and MATLAB [30, 31]. First,
descriptive statistics of the variables on interest were cal-
culated. Next, individuals were classified into four vaccine
acceptability/demand groups: (1) individuals not willing to
get vaccinated no matter the amount offered, (2) individuals
willing to get vaccinated if offered a payment, (3) individuals
willing to get vaccinated if the vaccine was provided at no
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extra cost, and (4) individuals willing to pay for the vaccine.
Group proportions were then computed and compared across
the three-vaccine efficacy levels and sociodemographic char-
acteristics using Chi-squared tests. Finally, parametric and
nonparametric procedures were used to estimate the distribu-
tion of WTP and WTA values.

The combined distribution of WTP and WTA can be
characterized as a mixture combining two models, one cor-
responding to positive preferences (WTP >0) and another
corresponding to negative preferences (WTA >0) [equiva-
lent to negative WTP] with a spike at zero to allow for WTP
= 0. [32] Using W to represent both WTP and WTA values,
the distributions for positive and negative preferences can
be signified by the canonical cumulative density functions
F*(W)and F~ (W), respectively. F* (W) is defined for values
of W > 0 and F~(W) for values W < 0. The distribution can
be written as

Pr(W <w) = 0,F (W) ++0,F~(W)+ (1 —6, —6,). (1)

This distribution represents three groups of individuals:
the fraction 0, of individuals willing to pay a positive amount
for the vaccine (W > 0), the fraction 8, willing to get vac-
cinated if paid (W < 0), and the fraction (1 — 6, — 6,) willing
to get the vaccine for free (W = 0).

The nonparametric procedure to estimate Eq. (1) used
a three-step process: (1) estimation of parameters ,andé,,
(2) estimation of F*(W)andF~ (W), and (3) estimation of the
entire distribution combining information from steps 1 and
2 with parameters 6,andd, assumed to be fixed coefficients
[32]. Estimation of both F*(W) and F~(W) was carried out
using Turnbull nonparametric procedures [33]. Parameters
0, and 0, were estimated using the answers to the following
questions: (1) Would you be willing to pay to get a corona-
virus vaccine immediately? (2) Would you accept getting
vaccinated immediately if the vaccine was free? (asked if
individuals answered “No” or “I don’t know” to the previ-
ous question), and (3) What is the minimum amount you
are willing to accept to get the coronavirus vaccine imme-
diately? (asked to those responding “No” or “I don’t know”
to both WTA bids).

Options given to respond to question 3 included: (a) I
would not get vaccinated no matter the amount offered, and
(b) Amount (write the amount in US$). Answers to ques-
tion 1 allowed the estimation of #,. Answers to question 2
allowed the estimation of both (1 — 6, — 6,), and thus 6,.
Responses to question 3 were only used to determine the
total number of individuals in the market for COVID-19 vac-
cines but not to estimate model parameters. In other words,
responses to question 3 were used to identify individuals
willing to accept the vaccine but a higher payment from
those not willing to get the vaccine no matter the amount
offered. The nonparametric procedure only identifies points
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in the cumulative density function (CDF) [at the bid values].
The estimated models cannot be used to calculate probabili-
ties at arbitrary prices (including payments); however, they
provide summary information about the WTA and WTP
distribution without the need for distributional assumptions.

The nonparametric procedure only identifies points in the
CDF (at the bid values) function. The estimated models can-
not be used to calculate probabilities at arbitrary points in
the distribution function; however, they provide summary
information about the WTA and WTP distribution without
relying on distributional assumptions.

The parametric estimation of Eq. (1) used a two-
step approach: (1) estimation of parameters 8, and 0, as
described previously and (2) joint estimation of the prob-
ability model in Eq. (1) using maximum likelihood estima-
tion procedures. F*(W) and F~(W) were assumed to fol-
low truncated normal distributions with zero as the lower
bound and upper bound, respectively [34]. In contrast to the
nonparametric model, the parametric models allowed the
testing of the efficacy level’s effect on two features of the
Pr(W < w) distribution: its effect on the 8, and 0, coefficients
(i.e., the probability that individuals are willing to pay for
the vaccine and the probability of accepting the vaccine if
paid a positive amount, respectively), and the effect on the
mean of the F*(W) and F~ (W) distributions. Moreover, the
parametric models can be used to calculate probabilities at
any vaccine price.

3 Results

3.1 Participants and Aggregate Vaccine Demand
and Acceptability

Most survey respondents had a bachelor’s degree or higher
(80%), were employed (88%), and were between 18 and
34 years of age (54%); thus, the sample was, on average,
younger, more educated, and had higher rates of employment
than adult individuals in the US population (Table 1) [35,
36]. The sample also had a larger proportion of male, His-
panic, and higher income individuals; and a lower propor-
tion of Black respondents than the US population. However,
the sample’s proportions of low-income and rural respond-
ents were similar to those in the population (Table 1).
Most of the individuals (60%: 95% confidence inter-
val [CI] 0.58-0.62) indicated they were willing to pay a
positive amount for the COVID-19 vaccine; 13.7% (95%
CI 0.12-0.15) said they would only accept the vaccine if
given for free; 14.1% (95% CI 0.13-0.16) were willing to
take the vaccine only if paid to do so; and 12.2% (95% CI
0.11-0.14) were not willing to accept the vaccine. Thus, an
overall 87.8% of the sample indicated they were willing to
get vaccinated. A global Chi-square test rejected the null
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Table 1 Ch.ar. acteristics of Variables Participants (n = 1895) US popula-
survey participants tion [35,
36]
% (n) %
Age of respondent (n = 1872), years
18-34 53.90 (1009) 23.21
35-54 35.10 (657) 25.14
55 or more 11.00 (206) 29.40
Education (n = 1881)
High school graduate or less 6.50 (123) 26.90
Some college 13.06 (247) 20.00
College graduate or more 79.91 (1511) 41.70
Employment status (n = 1894)
Employed 88.02 (1667) 60.20
Unemployed 4.96 (94) 2.90
Other 7.02 (133) 36.40
Sex of respondents (n = 1868)
Male 58.24 (1088) 49.20
Female 41.76 (780) 50.80
Hispanic or Latino background (n = 1855)
Hispanic or Latino 30.03 (557) 18.40
Non-Hispanic or Latino 69.97 (1298) 81.60
Race of respondents (n = 1892)
White 67.49 (1277) 72.00
Black 4.60 (87) 12.80
Other race 27.91 (528) 15.20
Location of the household (n = 1868)
Urban 80.35 (1501) 82.46
Rural 19.65 (367) 17.54
Average household income (n = 1894)
Less than US$25,000 18.06 (342) 18.10
US$25,000-US$49,000 27.03 (512) 20.30
US$50,000-US$74,999 23.13 (438) 17.40
US$75,000-US$149,999 27.72 (525) 28.50
US$150,000 or more 4.07 (77) 15.70

hypothesis that the proportion of individuals in each group
was not associated with the efficacy level (y*(6) = 22.173;
p = 0.001) (Table 2). Chi-square tests of proportions for
separate demand groups also rejected the null hypotheses of
no relationship between vaccine efficacy and the proportion
of individuals willing to pay for the vaccine (p < 0.05), the
proportion willing to accept it for free (p < 0.05), and the
proportion not willing to get vaccinated but only at the 10%
level (p = 0.08) (Table 2). The test failed to reject the null
hypothesis of no association between vaccine efficacy level
and the proportion willing to accept the vaccine if paid (p =
0.38). The proportion of individuals not willing to accept the
vaccine decreased as the efficacy level increased, going from
14.5% for the vaccine with a 50% efficacy level to 11.7 and
10.3% for vaccines with 70 and 95% efficacy levels, respec-
tively. In contrast, the proportion of individuals willing to

pay for the vaccine increased with the efficacy levels. At the
50% efficacy level, the proportion of individuals willing to
pay for the vaccine was 53.5%. This proportion increased to
62% of individuals in the 70% vaccine efficacy group, and
65% in the 95% vaccine efficacy group (Table 2).

Individuals not willing to get vaccinated (12.2% of the
sample) included individuals answering no to the sequence
of WTP and WTA questions (see Fig. 1), and who also
selected “I would not get vaccinated no matter the amount
offered” as the answer to a follow-up question inquir-
ing about their minimum WTA value to get vaccinated.
Reasons for rejecting the vaccines included “I don’t trust
the vaccines” (42.86%), ‘I don’t think a vaccine is neces-
sary”’(22.08%), “Already had COVID” (4.33%), and “Other
reasons” (45.89%).

A\ Adis



876

C.E.Carpioetal.

Table 2 Number and percentage of individuals willing to get vaccinated classified by their willingness to pay and willingness to accept values (n

=1895)
Total (n = 1895)  Willing to pay for Willing to accept Willing to accept Not willing to accept  p value®
COVID-19 vaccine  COVID-19 vaccine for COVID-19 vaccine if COVID-19 vaccine
free get paid
% (n) % (n) % (n) % (n) % (n)
Efficacy 0.0011
50% 32.88 (623) 53.45 (333) 16.69 (104) 15.41 (96) 14.45 (90)
70% 35.99 (682) 61.79 (421) 13.78 (94) 12.76 (87) 11.73 (80)
95% 31.13 (590) 64.92 (383) 10.34 (61) 14.41 (85) 10.34 (61)
Combined  100.00 (1895) 60.00 (1137) 13.67 (259) 14.14 (268) 12.19 (231)
p value® 0.0001 0.0056 0.3798 0.0827

2 global test of proportions for all groups

°y? test of proportions within each demand group

Chi-square tests rejected the null hypotheses that the pro-
portion of individuals in each vaccine demand group was
not associated with the sociodemographic characteristics
(all p values < 0.05) (Table 3). The groups willing to pay
for the vaccine or accept it for free had a higher propor-
tion of younger individuals, higher levels of education, and
employment (all p values < 0.001) than those willing to get
vaccinated if paid or not willing to get vaccinated. The group
willing to pay for the vaccine or to get it for free had a higher
proportion of Hispanic or Latino individuals, a lower pro-
portion of Black individuals, a lower proportion of female
individuals, and a higher proportion living in urban areas
when compared with individuals willing to accept the vac-
cine of if paid or not willing to get the vaccine. Finally, rela-
tive to other groups, the group willing to pay for the vaccine
had a larger proportion of high-income individuals and a
lower proportion of low-income individuals.

3.2 WTA and WTP Distribution Function

The estimated nonparametric Turnbull WTA and WTP cumu-
lative distribution functions for each level of efficacy (CDFs)
are presented in Table 4. Two distribution functions are pre-
sented for each efficacy level. The left side of Table 4 includes
the estimated CDF values considering only individuals willing
to accept a vaccine (if paid, for free, or willing to pay for it)
[conditional CDF]. The right side of Table 4 adjusts the CDF
values on the left to represent the proportion of individuals in
the entire population, including those not willing to get vac-
cinated (unconditional CDF). The CDF values are interpreted
in relation to the upper tier of the bid ranges. For example, the
adjusted CDF value for the vaccine with 50% efficacy indicates
that 6.2% of respondents were willing to get vaccinated if paid
US$650 or more, 15.4% were willing to get vaccinated if paid
a positive amount, 32.1% were willing to get vaccinated for
free or if paid a positive amount, and 43.7% were willing to get
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vaccinated if the price was US$350 or less. Moreover, 20.1%
((0.856-0.655) x 100%) of respondents were willing to pay
US$1100 or more for the vaccine with a 50% efficacy level.

The estimated percentage of individuals willing to get vac-
cinated if paid US$650 (the highest payment offered) was
very similar (about 6%) across the three efficacy levels. How-
ever, the estimated proportion of individuals willing to pay
US$1100 (the highest price considered) increased as the level
of efficacy increased, going from 20.1% for the vaccine with
a 50% efficacy level to 22.5 and 27.2% for vaccines with 70
and 95% efficacy levels, respectively. The median WTP values
(left side of Table 3) were estimated in the US$250-US$350
range for the 50% efficacy vaccine and US$350-US$400 for
vaccines with 70 and 95% levels of efficacy.

Table 5 shows the estimated values for the parametric
model for Pr(W < w). The null hypothesis that the efficacy
level does not affect the values of the 8, and 0, coefficients
was rejected in favor of the alternative hypothesis that the
coefficients are affected by the efficacy level (y*(4) = 16.93;
p = 0.002). In contrast, the null hypothesis that the efficacy
level affects the means of the F*(W) and F+(W) distribution
functions was not rejected (y*(4)=2.59; p = 0.629). Both
conditional WTP and WTA distributions were asymmet-
ric and had long tails, as the absolute mean values were
larger than the absolute values of the medians. Among the
group willing to get vaccinated if paid, the mean WTA
value was US$716.17, whereas the median was US$525.
The mean WTP among those willing to pay for the vaccine
was US$1147.06 with a median value of US$813.71. The
overall mean WTP across all individuals willing to get vac-
cinated was US$705.81.
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Table 3 Characteristics of survey participants by vaccine demand group
Total sample Willing to pay Willing to accept Willing to accept Not willing to p value®
for COVID-19 COVID-19 vaccine COVID-19 vaccine accept COVID-19
vaccine for free if paid vaccine

Variables % (n) % (n) % (n) % (n) % (n)

Age of respondent (n = 1872), years < 0.0001
18-34 53.90 (1009) 60.46 (679) 51.17 (131) 39.77 (105) 41.05 (94)

35-54 35.10 (657)  29.65 (333) 39.06 (100) 45.45 (120) 45.41 (104)
55 or more 11.00 (206) 9.88 (111) 9.77 (25) 14.77 (39) 13.54 (31)

Education (n = 1881) < 0.0001

High school graduate 6.54 (123) 3.63 (41) 10.89 (28) 11.32 (30) 10.48 (24)
or less
Some college 13.13 (247) 8.32(94) 12.45 (32) 24.91 (66) 24.02 (55)
College graduate or 80.33 (1511) 88.05 (995) 76.65 (197) 63.77 (169) 65.50 (150)
more

Employment status (n = 1894) < 0.0001
Employed 88.01 (1667) 93.40 (1061) 81.47 (211) 78.36 (210) 80.09 (185)

Unemployed 4.96 (94) 2.11 (24) 7.34 (19) 10.45 (28) 9.96 (23)
Other 7.02(133) 449 (51) 11.20 (29) 11.19 (30) 9.96 (23)

Sex of respondents (n = 1868) < 0.0001
Male 58.24 (1088) 63.49 (713) 58.04 (148) 50.38 (132) 41.67 (95)

Female 41.76 (780)  36.51 (410) 41.96 (107) 49.62 (130) 58.33 (133)

Hispanic or Latino background (n = 1855) < 0.0001
Hispanic or Latino 30.03 (557) 42.64 (475) 19.37 (49) 5.77 (15) 7.89 (18)

Non-Hispanic or Latino  69.97 (1298) 57.36 (639) 80.63 (204) 94.23 (245) 92.11 (210)

Race of respondents (n = 1892) < 0.0001
White 67.49 (1277) 64.37 (730) 69.88 (181) 77.61 (208) 68.40 (158)

Black 4.60 (87) 3.88 (44) 1.54 (4) 7.09 (19) 8.66 (20)
Other race 2791 (528) 31.75 (360) 28.57 (74) 15.30 (41) 22.94 (53)

Location of the household (n = 1868) < 0.0001
Urban 80.35 (1501) 84.35 (943) 79.69 (204) 70.19 (186) 73.36 (168)

Rural 19.65 (367)  15.65 (175) 20.31 (52) 29.81 (79) 26.64 (61)

Average household income (n = 1894) 0.005
Less than US$25,000 18.06 (342) 15.74 (179) 25.19 (65) 19.40 (52) 19.91 (46)
US$25,000-US$49,000 27.03 (512)  25.59 (291) 27.52 (71) 33.21 (89) 26.41 (61)
US$50,000-US$74,999  23.13 (438) 24.71 (281) 20.16 (52) 20.52 (55) 21.65 (50)
US$75,000-US$149,999 27.72 (525) 30.26 (344) 22.09 (57) 22.76 (61) 27.27 (63)

US$150,000 or more 4.07 (77) 3.69 (42) 5.04 (13) 4.10 (11) 4.76 (11)

22 test of proportions.

4 Discussion

Knowledge about individuals’ acceptance and demand for
a vaccine against severe acute respiratory syndrome coro-
navirus 2 is essential for designing and implementing vac-
cination campaigns. Whereas several studies have evaluated
the acceptability of a COVID-19 vaccine in the USA [37,
38], this study evaluates the demand using the economic
concepts of WTP and WTA.

This study shows that about 86-90% of the US population
would be willing to get vaccinated. This percentage includes
about 13-15% willing to get vaccinated if paid a positive

amount. Therefore, it is estimated that about 68—75% of indi-
viduals would get vaccinated if the vaccine were free, which
is the current situation in the country (68, 72, and 75% for
50, 70, and 95% vaccine efficacy levels, respectively). These
estimates are in line with the estimated value obtained by
the Kaiser Family Foundation (KFF) Health Tracking Poll
conducted between 30 November and 8 December, 2020,
which uses a different approach to measure vaccine accept-
ability [37]. The KFF asked individuals about the likeli-
hood of getting vaccinated “if a coronavirus vaccine was
determined to be safe by scientists and was available for
free to everyone who wanted it.” In the KFF survey, 71%
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Table 4 Nonparametric

o Efficacy (%)
willingness to accept and pay

Turnbull CDF

distribution functions (n =

Conditional CDF (n = 1664)

Unconditional CDF (n = 1895)

1895)
50 70 95 50 70 95
Bid range (USS$)
< —650 0.073 0.072 0.073 0.062 0.064 0.065
— 650 to — 350 0.124 0.092 0.097 0.106 0.081 0.087
— 350 to — 300 0.135 0.092 0.097 0.116 0.081 0.087
— 300 to — 250 0.139 0.103 0.097 0.119 0.091 0.087
— 250 to — 200 0.143 0.103 0.102 0.122 0.091 0.091
—200to — 150 0.149 0.112 0.127 0.128 0.099 0.114
— 150 to — 100 0.155 0.121 0.127 0.133 0.107 0.114
— 100 to — 50 0.164 0.128 0.144 0.140 0.113 0.129
—50t0 0 0.180 0.145 0.161 0.154 0.128 0.144
0 0.375 0.310 0.276 0.321 0.274 0.248
0-25 0.405 0.336 0.320 0.347 0.297 0.287
25-50 0.436 0.336 0.346 0.373 0.297 0.310
50-100 0.436 0.386 0.396 0.373 0.341 0.355
100-150 0.452 0.444 0.458 0.387 0.392 0411
150-200 0.467 0.455 0.468 0.400 0.402 0.420
200-250 0.489 0.488 0.484 0.419 0.431 0.434
250-350 0.510 0.491 0.484 0.437 0.434 0.434
350400 0.552 0.538 0.517 0.473 0.475 0.464
400-600 0.591 0.589 0.579 0.506 0.520 0.519
600-800 0.610 0.628 0.659 0.522 0.555 0.591
800-850 0.632 0.664 0.659 0.541 0.586 0.591
850-1100 0.765 0.745 0.698 0.655 0.658 0.626
> 1100 1.000 1.000 1.000 0.856 0.883 0.897

Note: estimated probability values in the conditional CDF correspond to individuals willing to get vacci-
nated. Estimated probability values in the unconditional CDF are for all individuals in the population

CDF cumulative density function

of individuals indicated they would get the vaccine (41%
“would definitely” get the vaccine, and 30% “would prob-
ably” get it). The KFF survey also included the “probably
not get it” (12%) and “definitely not get it” (15%) options
for respondents. These values are similar to the proportion
willing to take the vaccine if paid (14%) and to the propor-
tion of individuals not willing to get the vaccine even if paid
(about 13%). It is important to note that KFF sample seems
to be closer to the US population across several character-
istics, including the proportion of male individuals (49%),
employed (56%), and Hispanic respondents (16%); and thus
differs from our sample, which had a higher proportion of
individuals in these groups. However, the KFF sample did
not perfectly match all the characteristics of the US popula-
tion as it included, for example, larger proportions of indi-
viduals with high school education and some college: 38,
30% respectively, compared to 27 and 20% in the population;
and consequently, a lower proportion of individuals with at
least a bachelor’s degree (31% compared to 42% in the US
population) (Table 1).
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Aggregate vaccine acceptability results differ from
another study conducted during the same period (25 Novem-
ber to 8 December, 2020) [38], which reports significantly
lower vaccine acceptability estimates (56%); however, the
study did not include price as part of the acceptability ques-
tion (i.e., the question asked was “How likely are you to
get vaccinated for coronavirus once a vaccine is available
to the public?”). A review paper assessing the impact of
survey design on COVID-19 vaccination intention responses
found that studies framing the intention question in more
positive terms tend to result in higher positive responses
[39]. The COVID-19 vaccine described to respondents in
this study (see Appendix 1) indicated the vaccine was “FDA
authorized” and “for use in the US,” and thus similar to
the statement included in the KFF question that a “vaccine
was determined to be safe by scientists”. Hence, this study’s
approach to measuring vaccine acceptability (based on a
contingent valuation approach with “Yes” or “No” types
of questions) seems to yield comparable overall estimates
of vaccine acceptability when compared to some surveys
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Table 5 Parametric WTP and WTA distribution function (only includes individuals willing to get vaccinated) [n = 1664]

Features of the WTA and WTP distribution

Vaccine efficacy (%)

70 50

0,,0,,and (1 — 6,-06,)
0, (proportion WTP for vaccine)
0, (proportion willing to get vaccinated if paid)
(1 — 6,-6,) (proportion willing to get vaccinated for free)
WTA distribution
Intercept
Standard deviation
Mean
Median
WTP distribution
Intercept
Standard deviation
Mean
Median
WTA and WTP distribution Pr(W < w)
Mean

0.720 (0.020)
0.161 (0.017)
0.115 (0.014)

722.78 (53.12)

0.699 (0.019)
0.145 (0.014)
0.156 (0.015)

0.625 (0.020)
0.180 (0.017)
0.195 (0.017)

— 485.87 (59.40)
76.72 (5.84)

—716.17 (60.97)
— 525.91 (50.44)

55.00 (23.67)
22.13 (3.13)
1147.06 (50.34)
813.71 (38.87)

705.81 (48.64) 593.96 (49.04)

Note: all standard errors (in parenthesis) calculated using 1000 bootstrapping samples. The intercept and standard deviations of the WTA and
WTP distributions correspond to the mean and standard deviation of the underlying uncensored normal distributions. Mean and medians corre-

spond to the censored normal distributions

WTA willingness to accept, WTP willingness to pay

conducted at about the same period using questions about
the likelihood of getting vaccinated and framed similarly in
terms of stating quality assurances and price levels.

In contrast to the approach of evaluating vaccine accept-
ability based on the likelihood of getting vaccinated, the
proposed method based on WTP and WTA allows for assess-
ing vaccine demand at other “price levels,” including the
demand for the vaccine if individuals were offered financial
compensation. According to our estimated demand model,
a payment of about US$100, the amount being offered by
some companies, would only increase vaccine demand by
about 2% of the population (see Fig. 2) [6]. With a payment
of about US$500, an additional 6.0-7.5% of the population
would accept getting vaccinated. From a different perspec-
tive, payments of US$500 are needed to encourage vacci-
nation in approximately 48% of individuals willing to get
vaccinated if paid. This proportion increases to about 74%
with payments of about US$1000. Therefore, payments
between US$500 and US$1000 would allow reaching vac-
cination rates of 78-82% and 82-86% of the population,
respectively, where the upper limits of the range correspond
to the vaccine with a 95% efficacy level and the lower to a
vaccine with a 50% efficacy level.

Contrary to this study’s findings that financial incentives
can increase vaccine uptake, an experiment conducted in
Germany found that payments did not affect COVID-19
vaccination intentions; however, the maximum amount of

incentives offered to project participants was only EUR 200
[22]. However, a study conducted in the USA using financial
incentives between US$1000 and US$2000 also found their
use increased vaccine uptakes by about 8% relative to the
non-incentive baseline. The payment amount was not found
to be relevant [20].

In addition to the effects on vaccine uptake, providing
financial incentives to promote vaccination also has equity
and access implications. For example, as argued by Jecker,
the use of payments could potentially exert more force and
coercion on individuals of lower sociodemographic groups
[40]. The counterargument is that because disadvantaged
individuals have been more affected by the pandemic, it
is beneficial to use mechanisms that increase vaccination
rates among these groups. Financial incentives can also
help increase access to vaccines as getting vaccinated may
include additional costs (e.g., transportation, the opportunity
cost of wages), which can be covered with the payments. It
is important to mention the ongoing debate regarding ethical
and behavioral aspects of providing financial incentives for
vaccines [2, 40]. For instance, some scientists have argued
that financial incentives may discourage some individuals
from getting vaccinated as payments can be perceived as an
indication that the vaccine is risky [2].

There are also multiple open questions regarding the
implementation of a payment mechanism. For example, who
should provide the incentives, the government or employers?
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Fig.2 Aggregate demand
curves for the COVID-19 vac-
cine. USD US Dollars

% of the Population

-1100 -900 -700  -500
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0

-300 -100 100 300 500 700 900 1100 1300

Price (payment if negative value) of the COVID-19 Vaccine (USD)

== 50% efficacy

And when? In the USA, the government provided three
rounds of cash payments of up to $1400 to adult taxpayers
during the pandemic. These payments could have been made
conditional (or could be made) on getting vaccinated. The
impact and reach of government payment programs would
also be more significant than individual employer efforts.
However, mechanisms to provide financial help to those in
need but who refused to get vaccinated would need to be
considered. From a different perspective, vaccination pay-
ment programs implemented by employers may be perceived
with less suspicion by those individuals that mistrust the
government [41]. In terms of the timing of the payments, if
payments are not offered to those already vaccinated, this
could create perceptions of unfairness and increase delays
in accepting new vaccines in the future.

The estimated mean and median WTP values for the
vaccine provide insights into the private economic bene-
fits of COVID-19 vaccines. The results reflect large mean
WTP values (among individuals willing to get vaccinated):
US$594, US$706, and US$723 for vaccines with efficacy
levels of 50, 70, and 95%, respectively. Even though the US
population willing to get vaccinated includes a significant
proportion of individuals willing to do so only if the vaccine
is free or compensated for (25-30%), there is also a high
proportion (20-27%) willing to pay US$1100 or more for the
vaccine, which increases the average WTP value (Table 3).

Several studies have evaluated WTP for a COVID-
19 vaccine around the world, including Chile
(US$184.72-US$232), Ecuador (US$147), Romania
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70% efficacy 95% efficacy

(US$23.8-238; using an exchange rate of EUR 1-1.19
on 20 August, 2020), Indonesia (US$57.20), Malaysia
(US$30.66), and Kenya (at least US$49.81) [12-17, 42].
The potential source of differences includes the country’s
economic conditions, with people in higher income coun-
tries having higher average WTP values for the vaccine.
Dissimilarities in mean WTP values may also reflect dif-
ferences in the methods used and the status of COVID-19
in each country at the time data were collected.

The study’s results also found evidence that COVID-
19 vaccine efficacy affected individuals’ demand for the
vaccine, including both the overall willingness to get
vaccinated and the WTP for the vaccine. Several previ-
ous studies have found that COVID-19 vaccine attributes
affect the demand for the vaccine [26, 42-47]. A substan-
tial and significant effect of vaccine efficacy was found in
Australia, where consumers were found to be willing to
pay US$23.92 for a 1% increase in vaccine efficacy; this
implies a US$360 increase in WTP when comparing, for
example, COVID-19 vaccines with 84% and 99% efficacy
levels (minimum and maximum levels used in that study).
Moreover, some literature indicates that vaccine uptake
can be increased if people are provided the freedom to
choose the vaccine they believe is best (e.g., vaccines with
higher efficacy levels) [48].

The level of COVID-19 vaccine efficacy is one of the
attributes that has received more attention in the media. The
reported efficacy levels of the first two vaccines approved in
the USA (Pfizer and Moderna) were about 95%, which may
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have changed individuals’ expectations about what a “good”
vaccine is expected to be [16, 17, 49]. Communication about
vaccine quality should encompass the ability of a vaccine to
prevent a disease and the reduction of other negative health
outcomes (e.g., hospitalization and death) associated with
the disease if infected.

Consistent with previous studies, vaccine demand and
acceptability were found to differ across subgroups of the
population. Whereas Black individuals only account for
about 4.6% of the total sample, their proportions in the
groups who were not willing to get the vaccine or accept it
only if paid were significantly larger (8.7 and 7.1%, respec-
tively). Higher levels of vaccine hesitancy among Black indi-
viduals are well documented in the literature and explained
by various factors, including lower access to and mistrust of
healthcare services and medicine and lower levels of aware-
ness and education [50, 51]. In line with prior studies, vac-
cine acceptability was lower among individuals located in
rural areas and individuals with lower levels of education,
which have also been attributed to more insufficient access
to and trust in healthcare services and medicine [39, 50]. A
common factor used to explain low vaccine acceptability
levels among Black, rural, and low education groups is the
concern about vaccine costs. As this study considers vaccine
price (including financial incentives), our findings suggest
no price-related issues are more important for a significant
proportion of the population.

The group of individuals not willing to accept the vaccine
and the group willing to accept the vaccine only if paid was
found to include a larger proportion of female individuals
(58, and 49%, respectively), in comparison to the proportion
of female individuals in the groups willing to pay for the
vaccine (37%) or willing to get vaccinated for free (42%).
Lower vaccine acceptance among women relative to men has
been constantly found in multiple previous studies [39, 51].
Female individuals are reported to be more likely to avoid
risky behaviors, more likely to practice preventive measures
to prevent COVID-19, and more concerned about vaccine
safety and efficacy, which in turn might help explain their
lower levels of vaccine demand and acceptability [39, 50,
51].

Another demographic characteristic found to be associ-
ated with vaccine demand is an individual’s ethnicity. Over-
all, our findings show that most Hispanic/Latino individuals
are willing to accept the vaccine. The proportion of Hispanic
individuals in the sample is about 30%, but no more than
8% in the groups of individuals willing to accept the vac-
cine only if paid or not willing to accept it. Previous stud-
ies report mixed findings concerning COVID-19 vaccine
acceptability among Hispanic individuals, but most report
higher vaccine acceptability [39].

Overall, the evaluation of factors associated with COVID-
19 vaccine acceptability and demand provides results

consistent with previous literature, although the procedure
used to assess vaccine acceptability is based upon an indi-
vidual’s WTP and WTA for the vaccine. In contrast, most
previous studies assess vaccine acceptability directly.

This study has several limitations. First, data were col-
lected online; thus, it was only available to individuals
with access to the Internet, computers, and mobile phones.
Second, various sample characteristics differ from those
in the population. Despite these two limitations, the over-
all estimates of vaccine acceptability in this study are in
line with previous studies; however, the estimated WTA
and WTP distribution might not be representative of the
population. Third, individuals’ perceptions about products,
including vaccines, change through time as more infor-
mation becomes available (e.g., vaccine safety informa-
tion) and/or there are changes in the context (e.g., rates of
infection in the population); thus, WTP and WTA values
are also likely to change. Fourth, there is some research
indicating that people have difficulty understanding the
concept of vaccine efficacy, which might have affected the
results [52]. Finally, we only consider payments as a finan-
cial incentive and vaccine efficacy as a quality attribute.
Future work should consider using other vaccine quality
dimensions beyond its ability to prevent the disease (e.g.,
length of protection, safety) and other financial incentives
such as lotteries. Future research should also consider
evaluating the effect of sociodemographic characteristics,
risk perceptions, and other vaccine characteristics on WTP
and WTA values.

A challenge with using contingent valuation methods
to evaluate the demand for a vaccine is the need to obtain
information about the entire WTP and WTP probability
distribution, including the distribution’s tails. Characteri-
zation of the tails requires using a higher number of bid
values and larger samples relative to studies that focus
only on acceptability utilizing the concept of the likeli-
hood of getting vaccinated.

5 Conclusions

Overall, the COVID-19 vaccine is highly valued by US
individuals, and about 88% of its population would accept
vaccination; however, about 14% indicate they would get
vaccinated only if compensated. We also find that the level
of financial incentives currently offered (about US$100)
by companies to their employees to get vaccinated would
increase vaccination rates by about 2%. It is estimated that
financial incentives of about US$500 or more would be
needed to get 50% or more of this group vaccinated.
Finally, we found that vaccine efficacy level affects both
the overall demand for the vaccine and the WTP for it.
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Larger differences in both acceptability and WTP were
observed when comparing vaccines with 50 and 70% effi-
cacy levels relative to the difference between vaccines with
70 and 95% efficacy levels.

Appendix 1: Description paragraph
for contingent valuation

There is now one FDA authorized Covid-19 vaccine for use
in the US, and two more expected to be approved soon; how-
ever, the vaccine will not yet be available for everyone in the
population. We would like to know what you would do if you
had access to the vaccine at a convenient location like a health
or medical center.

Your honest answers to the question below are important
to better understand the potential demand for the vaccine. The
results will be disseminated to government, non-government
organizations, and the public.

The vaccine requires a 2-dose schedule and is 70% effec-
tive. In other words, of 100 people receiving the vaccine, there
will be 70 of the people who have taken the vaccine that are
protected. The other people who have been vaccinated will
not be protected against coronavirus disease, even though they
have taken the vaccine.

Would you be willing to pay to get immediately a coronavi-
rus vaccine that is 70% effective (2-dose schedule)? (see Fig. 1
for subsequent sequence of questions).
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