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Purpose: To assess the preference-based value of the fear of COVID-19 contagion.
Patients and Methods: We conducted a web-based, cross-sectional discrete choice experiment among 544 US adults. We used 
a Bayesian efficient design to generate choice sets. Each choice set comprised two hypothetical COVID-19 vaccine options 
characterized by seven attributes: chance of COVID-19 infection, chance of having severe symptoms from COVID-19 infection, 
vaccine protection duration, chance of mild to moderate adverse events from vaccination, chance of serious adverse events from 
vaccination, chance of future exposure to COVID-19 after vaccination, and out-of-pocket cost. We used mixed logit (ML) and latent 
class (LC) models to analyze data. Furthermore, we calculated the willingness-to-pay for eliminating the chance of future exposure to 
COVID-19, shedding light on the value attributed to the fear of contagion.
Results: The ML model demonstrated all attributes, including the chance of future exposure to COVID-19, were statistically 
significant. The participants were willing to pay approximately $13,046 to eliminate the chance of future exposure to COVID-19 or 
their fear of contagion when COVID-19 was still pandemic. The LC model unveiled two participant classes with distinct preference 
weights for the chance of future exposure to COVID-19 and out-of-pocket cost attributes. Nevertheless, the chance of future exposure 
to COVID-19 exposure held a significant degree of importance in both classes.
Conclusion: The chance of future exposure to COVID-19 exposure or fear of contagion was a significant element in the value 
assessment of COVID-19 vaccines. Further studies should be conducted to verify the value of fear of contagion and include it in the 
value assessment of healthcare technologies for infectious diseases.
Keywords: COVID-19, discrete choice experiment, fear of contagion, patient preference

Introduction
Fear is characterized as an adaptive reaction in the presence of a potential threat or stimuli.1 Specifically, fear of 
contagion is the anxiety over the perceived risk of contracting infectious diseases.2 This response plays an integral role in 
the stress-coping process during a public health emergency, such as the COVID-19 pandemic.3,4 A previous study 
suggested four psychological dimensions of fear amid the COVID-19 pandemic: bodily, interpersonal, cognitive, and 
behavioral.5 One or more of these domains are measured using various instruments, such as the Fear of COVID-19 scale 
(FCV-19S), Fear perception and magnitude of the issue (MED-COVID19) scale, Scale of COVID-19 Related 
Psychological Distress in the healthy public (CORPD), and COVID-19 Phobia Scale (C19P-S).6

The rapid spread of virus increased fear of COVID-19, affecting not only the infected individuals but also the 
individuals with underlying chronic diseases, healthy individuals, family members, frontline service (hospitals and 
emergency departments) providers, and the economy.7,8 For instance, due to social distancing measures put in place to 
control the transmission and reduce mobility, numerous businesses had to close their doors, and many consumers either 
faced mandated stay-at-home orders or chose to limit their economic activities voluntarily around the globe.9 This 
possibility of widespread job losses and income reductions for many individuals resulted in the increase in fear of 
COVID-19 contagion.10
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In response to the COVID-19 pandemic, pharmaceutical companies rapidly expanded research efforts on vaccines and 
treatments (healthcare technologies).11 To reduce the risk of viral transmission and to ensure the continuity of care, there 
was also an expanded use of technologies, eg, telepsychiatry and vaccines.12 Such healthcare technologies, which have 
the potential to mitigate the anxiety linked to the prospect of future disease spread, may hold significant value for 
individuals.13 A recent study indicated that positive information about COVID-19 vaccines fostered optimism and 
reduced concerns, instilling a belief in a quicker return to a normal way of life.14 ISPOR Special Task Force also 
identified the reduction in fear of contagion with the availability of vaccine or treatment alternatives as an element 
relevant in the value assessment of healthcare technologies for infectious diseases.13

Cost-effectiveness analysis (CEA) with quality-adjusted life years (QALYs) has been most frequently used to assess 
the value of these technologies.13 It tends to include the benefits beyond individuals who receive the technologies (a.k.a. 
externality) and is especially relevant because these technologies limit the spread of infectious diseases to others.13 When 
adopting a societal perspective, CEA considers all these external benefits. In the case of COVID-19 vaccines, CEA was 
utilized to gauge their economic value.15,16 For instance, a study used a CEA with QALY to assess the value of the 
COVID-19 vaccine. The findings indicated that the COVID-19 vaccine would be cost-effective for people aged 50 or 
above at a cost-effectiveness (CE) threshold of less than $50,000 per QALY.15 Another study used a similar CEA with the 
same CE threshold to determine the value-based price of remdesivir.16 However, the analyses did not include the benefits 
associated with diminishing the fear of COVID-19 contagion with new technologies.17

ISPOR Special Task Force suggested that a survey technique can elicit an individual’s willingness-to-pay (WTP) to 
eliminate the chance of disease exposure, reflecting the value of fear of contagion.13 However, no quantitative measure 
valuing this fear existed. Without such information, the opportunity to add the fear of contagion in value frameworks 
would remain unfulfilled. Thus, the objective of this study was to quantify the value attributed to the fear of contagion by 
determining the WTP for eliminating the chance of future exposure to COVID-19 exposure, using the COVID-19 
vaccine as a case study.

Materials and Methods
Previously, the revealed preference (RP) technique, based on an individual’s actual choices and actions in the market-
place, and the contingent valuation (CV) technique, directly asking individuals in a survey how much they are willing to 
pay, were used to value fear in different contexts.18,19 However, the RP technique tended not to disentangle the 
individual’s WTP to avert a feared outcome from their WTP to avoid fear itself. Although CV, a stated preference 
method, could also be employed to determine the monetary valuation of changes in the risk of a feared outcome and the 
number of fear days (fear avoidance),18,19 an alternative stated preference approach, the discrete choice experiment 
(DCE) approach, offers several advantages compared to the CV: less cumbersome, less costly, more informative, and are 
suitable for multidimensional tradeoff.20,21

Thus, this study used a discrete choice experiment (DCE), a survey-based stated preference technique, to measure the 
value of fear of COVID-19 contagion.22 DCE entails presenting individuals with various hypothetical choice scenarios or 
alternatives.23 These alternatives are described using multiple attributes and levels. By analyzing the choices made by 
participants across different alternatives, researchers can infer the relative importance of various attributes and levels, 
gaining insights into individuals’ preferences. Importantly, if out-of-pocket cost is incorporated as one of the attributes, 
DCE allows the estimate of the marginal rate of substitution (MRS) between study attributes and out-of-pocket cost, 
a monetary value of the attribute commonly referred to as WTP from the individual or societal prospectives.24,25 This 
study elicited the WTP for eliminating the chance of future exposure to COVID-19, reflecting the value of fear of 
contagion. DCE was previously used to quantify the value of hope, one of the novel value elements defined by the 
ISPOR Special Task Force in cancer care.26 This study was designed based on the DCE user guide and two reports issued 
by ISPOR Good Research Practices Task Force.27,28 Since this study was a cross-sectional survey and collected 
deidentified participants’ information, the Institutional Review Board (IRB) at Auburn University approved this study 
to be exempt from human subject review. All participants provided informed consent in accordance with the Declaration 
of Helsinki.
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Attribute and Level Identification
First, we conducted a literature review and identified five attributes related to COVID-19 vaccines and their potential levels. 
The primary source of information on attributes and levels includes the US Food and Drug Administration (FDA) factsheet 
on the emergency use authorization of Janssen,29 Moderna,30 and Pfizer-BioNTech31 COVID-19 vaccine, and other related 
publications.32–37 These attributes included the chance of COVID-19 infection, the chance of having severe symptoms if 
you are infected with COVID-19, vaccine protection duration, the chance of mild to moderate adverse events from 
vaccination, and the chance of serious adverse events from vaccination. The chance of future exposure to COVID-19 as 
a result of vaccination and out-of-pocket were purposely added to examine the value of fear of contagion. Based on the 
DCE user guide and two reports issued by the ISPOR Good Research Practices Task Force, we asked conveniently sampled 
five adults from the general public and two clinical experts in infectious diseases to review and confirm that these seven 
attributes were important to adults in the general public.27,28

The number of COVID-19 infections per 100,000 people was used to describe the chance of COVID-19 infection. 
The chance of having severe symptoms if you are infected with COVID-19 was set as the proportion of people who, 
upon contracting COVID-19, face severe outcomes such as hospitalization, admission to intensive care units (ICUs), 
required mechanical ventilation (machine-assisted breathing), or death. The vaccine protection duration was described as 
the number of months people remain protected from being infected with COVID-19. The chance of mild to moderate 
adverse events following vaccination was defined as the percentage of people who suffer from minor events such as pain 
in the injection site, fatigue, headache, or chills. Meanwhile, the percentage of people who suffer from life-threatening 
complications such as serious allergic reactions (anaphylaxis) or the formation of a blood clot in the veins (venous 
thromboembolism) represented the chance of serious adverse events from vaccination. The minimum and maximum 
possible levels of these attributes were identified from the literature. Additional levels were introduced between these two 
existing levels for each attribute to maintain equally spaced intervals to facilitate the study’s design.38 A uniformly 
distributed attribute level can be beneficial when interpreting the estimated effects of numerical attributes. This study 
described the chance of future exposure to COVID-19 as the possibility of contacting the infected person. For logical 
reasons, this study used three categorical levels, ie, high chance (COVID-19 remains a pandemic), medium chance 
(COVID-19 is no longer a pandemic), and no chance (COVID-19 disappears) to present the possibility of COVID-19 
exposure. These levels for the possibility of COVID-19 exposure were confirmed by previous studies.39–44

Since this study was the first to value the fear of contagion, limited guidance about the levels of the cost attribute was 
available. This study adapted a technique from a previous study45 to establish the levels of out-of-pocket cost attribute. As part 
of our pilot study, a binary choice survey was sent to 30 people to assess their WTPs to eliminate the possibility of future 
exposure to COVID-19. This part of the survey contained six binary choice questions (Supplemental Material Annex 1). Each 
question included a choice between a lower possibility of exposure with zero cost or a higher possibility of exposure with 
nonzero cost. Since a US study reported a maximum WTP of about $15,500 for an intervention that reduced the chance of 
COVID-19 infection,46 this study randomly varied the nonzero costs of $500, $1000, $2000, $4000, $8000, and $16,000 
across different binary choice questions. The results from the binary choice questions showed almost half of the respondents 
were not willing to pay $500, while one-third of these people were willing to pay $16,000 to eliminate the possibility of 
COVID-19 exposure. Therefore, the lowest level of $0 and the highest level of $16,000 were selected. Table 1 shows all study 
attributes and their levels.

DCE Instrument Development
We designed a self-administered, web-based survey questionnaire and implemented it using QualtricsXM. Ngene® 

software was employed to create an orthogonal and balanced design for developing DCE choice sets. These choice 
sets were then piloted with a group of 30 participants from the public (with or without a diagnosis of COVID-19) 
recruited by QualtricsXM. Subsequently, a multinomial logit model (MNL) was constructed to establish preliminary 
parameters. Next, a Bayesian efficient design was employed to sample a subset from the complete range of attribute and 
level combinations.27,47 This algorithm for Bayesian efficient design involved an iterative process that assessed statistical 
efficiency across different design options. The calculation of statistical efficiency was based on Halton draws derived 
from prior parameters obtained from the pilot DCE study.
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The design produced 36 choice sets, which were organized into four distinct blocks. Each choice set featured two 
options describing hypothetical COVID-19 vaccines, varying in terms of the study attributes and their associated levels. 
Since this study intended to estimate the marginal rate of substitution between the chance of future exposure to COVID- 
19 and out-of-pocket cost, an opt-out alternative was not necessarily included.48,49 Besides texts and numbers describing 
all attributes and levels, graphics were used to enhance participants’ understanding of these attributes and levels. 
Participants in the study were tasked with selecting their preferred option from each choice set. Figure 1 presents an 
example of a choice set. Additionally, a validity check choice set was included in every questionnaire. This validity check 
choice set featured a dominant alternative (eg, the lowest chance of future exposure and lowest cost). Participants who 
understood the DCE choice sets were expected to choose this dominant alternative. Validated “cheap talk” text, which 
encouraged participants to provide honest and thoughtful answers, was also included to mitigate hypothetical bias.50 

Questions pertaining to participants’ traits and their experiences concerning COVID-19 and COVID-19 vaccines were 
incorporated into the questionnaire. Also, an open-ended question asking how the participants thought about the survey 
was included.

Using a purposive sampling technique, three experts (one adult from the general public, one clinical expert in 
infectious disease, and one social scientist) were asked to verify the content validity of the questionnaire survey. The 
survey was then examined for participant’s understanding using the “think aloud” method with five purposively sampled 
adults with various education levels (eg, with and without a college degree) from the general public. All of them 
indicated they understood the survey well. Also, they appropriately interpreted the attributes, levels, and graphics in the 
DCE choice sets. A preliminary study was conducted with 50 individuals by QualtricsXM before the main survey was 
launched. They received an incentive at the amount they previously agreed to participate as a QualtricsXM panelist. Since 
no significant issue was identified, there was no need to change the original survey instrument. Specifically, none 
suggested they had difficulty understanding and completing the survey.

Table 1 Attributes and Levels for the DCE Survey Instrument

Attributes Level

Chance of COVID-19 infection ● 1 out of 100,000 people
● 500 out of 100,000 people
● 1000 out of 100,000 people

Chance of having severe symptoms (eg, hospitalization, intensive care unit (ICU) admission, machine 

supported breathing, or death) if you are infected with COVID-19

● 0 out of 100 people
● 5 out of 100 people
● 10 out of 100 people

Vaccine protection duration ● 6 months
● 12 months
● 18 months

Chance of mild to moderate adverse events (eg, pain in the injection site, fatigue, headache, or chills) from 

vaccination

● 0 out of 100 people
● 50 out of 100 people
● 100 out of 100 people

Chance of serious adverse events (eg, serious allergic reaction, blood clot in the veins) from vaccination ● 0 out of 100 people
● 1 out of 100 people
● 2 out of 100 people

Chance of future exposure to COVID-19 (meeting or contacting infected person), as a result of 

vaccination

● No chance
● Medium chance
● High chance

Out-of-Pocket Cost ● $0
● $8000
● $16,000
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Attributes Vaccine A Vaccine B

Chance of COVID-19 infection

500 out of 100,000 people 500 out of 100,000 people

Chance of having severe symptoms (e.g., 
hospitalization, intensive care unit (ICU) 
admission, machine supported breathing, or 
death) if you are infected with COVID-19

0 out of 100 people 10 out of 100 people

Vaccine protection duration

18 months 12 months

Chance of mild to moderate adverse events
(e.g., pain in the injection site, fatigue, 
headache, or chills) from vaccination

0 out of 100 people 100 out of 100 people

Chance of serious adverse events (e.g., 
serious allergic reaction, blood clot in the 
veins) from vaccination

1 out of 100 people 1 out of 100 people

Chance of future exposure to COVID-19
(meeting or contacting infected person), as a 
result of vaccination

High chance
(COVID-19 still a pandemic)

No chance
(COVID-19 disappear)

Out-of-pocket cost $0

$16,000

Which vaccine would you choose? ☐ Vaccine A ☐ Vaccine B

Figure 1 A choice set example.
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Data Collection
The study population consisted of the general public, ie adults who were 18 years old or above and could read English, 
from the US. This study asked QualtricsXM to recruit study participants nationally. Data were collected from February 16, 
2022, to March 9, 2022. QualtricsXM is a private research firm specializing in web-based data collection and collaborates 
with more than 20 web-based panel providers to deliver a varied pool of high-quality respondents. Following the 
methodology outlined in a published practical guide,51 this study determined the sample size using a significance level of 
0.05, a statistical power level of 0.8, and prior parameter estimates derived from the preliminary study. Upon considera-
tion of the estimated sample size and various methodologies, which included a good DCE research practice27 and 
sample-size efficiency (S-efficiency),52 this study found that at least 250 persons were required. After completing the 
survey, participants received a prearranged incentive agreed upon with QualtricsXM.

Data Analysis
Descriptive analyses were carried out, and individuals’ responses to each choice set in the DCE were observed and 
analyzed in accordance with random utility theory (RUT). Utilizing Nlogit® software, a mixed logit model (ML) was 
constructed to calculate the means and standard deviations of normally distributed variations for all preference weights in 
a utility function.

The utility function (Unsj) was

where n = individual adult, s = choice set, j = alternative, k = attribute, Xnsjk = the full vector of study attributes relating 
to individual n and alternative j on the choice set s, βnk = the vector of individual-specific coefficients of attribute k, and ε 
= an error term.

The final model was determined by likelihood ratio tests. A Wald test was used to examine the variations between 
consecutive levels of the study attributes, with a predefined level of statistical significance at 0.05. The difference 
between the highest and lowest preference weights for the same attribute was computed to determine the conditional 
relative importance of each study attribute. The marginal WTP for each level of the chance of exposure to COVID-19 
attribute was calculated by dividing the mean coefficient of each level by the mean coefficient of the cost attribute. 
Krinsky and Robb method was applied to estimate 95% confidence intervals of these WTPs.53

Next, the main-effects of the latent class model (LCM), which distinguished groups of individuals with similar 
preferences, was developed. To ascertain preference estimates for various groups, the LCM model was fit to c classes by 
using Consistent Akaike Information Criteria (CAIC). A utility function for alternative jðUnsjjcÞUnsjjc¼Vnsjjcþεnsjjc was 
estimated. Data were coded using the effect code for categorical attributes, and other attributes were treated as 
continuous. The level of statistical significance was 0.05. The conditional relative importance of the chance of future 
exposure and cost attributes was estimated.

Results
A total of 623 participants completed the survey and provided accurate responses to the validity choice set. Of these, 79 
participants with missing information were excluded, resulting in a final sample of 544 participants. Table 2 shows the 
study participants’ characteristics and COVID-19 related experiences. The mean age among these participants was 57.2 
(SD=17.0) years old. Most of them were female (56.1%), White, non-Hispanic (88.2%), and married (57.9%). Almost 
half of these participants (43.8%) had less than $50,000 per year for their household incomes, and 44.3% had 4-year 
college or graduate or professional degree. Approximately 38% were either fully employed, self-employed, or employed 
part-time, and about 32% had private health insurance. Most participants had two or more comorbidities (60.7%) and 
good or better health status (79%). Approximately 76% of the participants were fully COVID-19 vaccinated. More than 
10% of the participants diagnosed with COVID-19 manifested symptoms such as fever, chills, shortness of breath, 
fatigue, muscle aches, and headaches, and only 13.8% were hospitalized. Most of their loved ones or relatives (74.3%) 
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Table 2 Participants’ Characteristics and COVID-19 Related Experiences

Characteristics

Age in years, mean (S.D.), N=544 57.2 (17.0)
Gender, N (%)

Female 305 (56.1)

Male 239 (43.9)
Race, N (%)

American Indian / Alaska Native 4 (0.7)

Asian / Native Hawaiian / Other Pacific Islander 14 (2.6)
Black or African American 32 (5.9)

Hispanic American 34 (6.3)
White non-Hispanic / Caucasian 480 (88.2)

Multiple ethnicity / Others 14 (2.6)

Marital Status, N (%)
Single 97 (17.8)

Married 315 (57.9)

Divorced or separated/Widowed/Others 132 (24.3)
Household Income, N (%)

$100,000 or more per year 124 (22.8)

$50,000 to $99,999 per year 182 (33.5)
Less than $50,000 per year 238 (43.8)

Education, N (%)

High school or less than high school 96 (17.7)
Technical / vocational training 28 (5.2)

2-year college degree (Associate’s degree) 61 (11.2)

4-year college degree (eg, BA, BS) 160 (29.4)
Graduate or professional degree (eg, MBA, MS, MD, PhD) 81 (14.9)

Employment Status, N (%)

Employed full-time or self-employed or employed part-time 205 (37.7)
Retired and others (eg, unemployed) 339 (62.3)

Health Insurance, N (%)

Private insurance 173 (31.8)
Medicaid 56 (10.3)

Medicare 207 (38.0)

Veterans’ health insurance and Tricare 14 (2.6)
2 or more health insurance 94 (17.3)

Number of Comorbidities, N (%)

0 110 (20.2)
1 104 (19.1)

2 or more 330 (60.7)

Health Status, N (%)
Excellent 54 (9.9)

Very good 171 (31.4)

Good 205 (37.7)
Fair 93 (17.1)

Poor 21 (3.9)

COVID-19 related experiences

Are you vaccinated against COVID-19?, N (%)
Yes, fully vaccinated 415 (76.3)

Yes, partially vaccinated 17 (3.1)

No 112 (20.6)

(Continued)
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were previously infected by COVID-19, but only 25.6% and 18.9% were hospitalized or died due to COVID-19 
infection. Almost 80% experienced a loss of employment or income due to COVID-19.

Preference Weights of the Study Attributes from the ML Model
Figure 2 displays the preference weights assigned to the study attributes by the ML model. In this model, all attribute 
levels were treated as categorical variables (See details in Supplemental Material Annex 2). The estimated preference 
weights of all attributes exhibited the anticipated trends. Specifically, attributes such as a lower chance of COVID-19 
infection, lower chance of having severe COVID-19 symptoms, longer protection duration, lower chance of mild to 
moderate adverse events from vaccination, lower chance of serious adverse events from vaccination, lower chance of 
future exposure to COVID-19 as a result of vaccination, and lower out-of-pocket cost had higher preference weights 
compared to other levels of these attributes. While statistical significance was observed among all adjacent levels of the 
protection duration, the chance of mild to moderate adverse events, the chance of serious adverse events from 
vaccination, the chance of future exposure to COVID-19 as a result of vaccination, and out-of-pocket cost attributes, 

Table 2 (Continued). 

Characteristics

Have you ever been diagnosed with COVID-19 infection? N(%)

Yes 275 (50.6)
No 269 (49.4)

If you have ever been diagnosed with COVID-19, what symptoms did you have? N (%)

Fever and chills 30 (10.9)
Cough 22 (8.0)

Shortness of breath or difficulty breathing 35 (12.7)

Fatigue 36 (13.1)
Muscle or body aches 29 (10.6)

Headache 29 (10.6)

New loss of taste or smell 25 (9.1)
Sore throat 18 (6.6)

Congestion or runny nose 17 (6.2)

Nausea or vomiting 14 (5.1)
Diarrhea 8 (2.9)

Trouble breathing 5 (1.8)

Persistent pain or pressure in the chest 4 (1.5)
New confusion 1 (0.4)

Inability to wake or stay awake 2 (0.7)
If you have ever been diagnosed with COVID-19, were you hospitalized?, N (%)

Yes 38 (13.8)

No 237 (86.2)
Have any of your loved ones or relatives been diagnosed with COVID-19?, N (%)

Yes 404 (74.3)

No 140 (25.7)
Have any of your loved ones or relatives been hospitalized due to COVID-19?, N (%)

Yes 139 (25.6)

No 405 (74.4)
Have any of your loved ones or relatives died due to COVID-19?, N (%)

Yes 103 (18.9)

No 441 (81.1)
Have you or anyone in your household experienced a loss of employment or income due to COVID-19?, N (%)

Yes 114 (21.0)

No 430 (79.0)
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only some adjacent levels of the chance of COVID-19 infection and the chance of having severe COVID-19 symptoms 
were significant. Only the difference between the preference weights of the vaccines with the chances of COVID-19 
infection at 500 and 1000 out of 100,000 people was significant. Similarly, a significant difference in preference weights 
between vaccines with a 0% and 5% chance of having severe COVID-19 symptoms was observed.

The out-of-pocket cost (6.3) attribute had the highest conditional relative importance estimate, followed by the chance 
of future exposure to COVID-19 as a result of vaccination (3.8), the chance of low to moderate adverse events from 
vaccination (1.4), the vaccine protection duration (1.2), the chance of COVID-19 infection and the chance of severe 
adverse events from vaccination (0.9), and the chance of severe symptoms (0.5). We observed significant standard 
deviations in the preference weights for all attributes, indicating the presence of preference heterogeneity. In summary, all 
attributes significantly affected the preferences for COVID-19 vaccines.

Value of Fear of Contagion
Table 3, derived from the ML model, presents the estimated WTP values for different levels of chance future exposure to 
COVID-19 as a result of vaccination. The study participants were unwilling to pay for high (-$6135) and medium 
(-$775.6) chances of COVID-19 exposure. Conversely, they expressed a WTP of $6910.7 for no chance of exposure. 
Thus, the participants were willing to pay approximately $13,046 to eliminate the chance of future exposure to COVID- 
19 or their fear of contagion when COVID-19 was still pandemic.
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Figure 2 Preference weights of study attributes from the mixed logit model. *Significant at 5% alpha.

Table 3 Estimated WTPs for Different Chances of COVID-19 Exposure

Chance of COVID-19 Exposure Estimated WTP [95% CI]

High chance (COVID-19 is still a pandemic) -$6135.0 [(-$5245.5)-(-$7095.0)]

Medium chance (COVID-19 still exists but is no longer a pandemic) -$775.6 [(-$150.7)-(-$1411.2)]

No chance (COVID-19 disappears) $6910.7 [$5889.9-$8042.0]
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Preference Weights of the Chance of Future Exposure and Cost Attributes from the 
LC Model
According to the CAIC values, the optimal LC model identified two distinct participant classes with varying preferences 
(See details in Supplemental Material Annex 3). To focus on the value of fear of contagion, Figure 3 highlights the 
preference weights of the chance of future exposure to COVID-19 as a result of vaccination and out-of-pocket cost 
attributes for the participants in these two classes. In both classes, preference weights for both attributes aligned with the 
expected directions. In class 1, there were significant differences between all consecutive levels of these two attributes. 
Conversely, in class 2, the out-of-pocket cost attribute had an adjacent level that was not significantly different from 
another level. More precisely, there was no significant difference in preference weights between the out-of-pocket cost 
levels of $8000 and $16,000. In class 1, the conditional relative importance estimate of the out-of-pocket cost (6.7) was 
higher than the estimate of the chance of future exposure to COVID-19 as a result of vaccination (4.0). Conversely, in 
class 2, the conditional relative importance estimate of the chance of future exposure to COVID-19 as a result of 
vaccination (2.5) was higher than the estimate for the out-of-pocket cost (0.7). In summary, the chance of future exposure 
and out-of-pocket cost were relatively important for both classes.

Discussion
Although fear related to COVID-19 was much described7,54–56 and measured using different scales,6 the quantitative value for 
fear previously was not yet established. This study intended to pave the way to include the value of fear of contagion in value 
frameworks when dealing with health technology for infectious diseases. Specifically, the study used a DCE to quantify the value 
of fear of contagion using the COVID-19 vaccine as a case study. The results showed the study participants highly valued the 
lower chances of future exposure to COVID-19 as a result of vaccination compared with other vaccines’ benefits and risks, eg, 
the chance of COVID-19 infection, the chance of having severe symptoms if you are infected with COVID-19, vaccine 
protection duration, the chance of mild to moderate adverse events from vaccination, and the chance of a serious adverse 
event from vaccination. The conditional relative importance estimates from the ML model demonstrated that change in the 
chance of future exposure to COVID-19 as a result of vaccination was approximately three to eight times more important than the 
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Figure 3 Preference weights of chance of future exposure and cost attributes from the latent class model. *Significant at 5% alpha.
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changes in the chance of mild to moderate adverse events from vaccination, vaccine protection duration, the chance of COVID- 
19 infection, the chance of serious adverse events from vaccination, and the chance of having severe COVID-19 symptoms. 
While these results were intuitive since the participants would expect that the vaccines would subsequently eliminate their future 
COVID-19 exposures, the results reinforced the significance of accounting for the fear of disease transmission as an important 
value element when evaluating the value of healthcare technologies for infectious diseases.

The findings also indicated that the participants were willing to pay approximately $13,046 to eliminate the chance of 
COVID-19 exposure or alleviate their fear of contagion during the pandemic phase (high chance of exposure). They were willing 
to pay approximately $7687 to eliminate the possibility of COVID-19 exposure from when COVID-19 was no longer pandemic 
(medium chance of exposure). While the value of fear of COVID-19 contagion has never been examined, this WTP amount 
could be compared with the results from various relevant studies. This WTP for fear of COVID-19 contagion was higher than the 
WTP for the COVID-19 vaccine (approximately $237 to $319) in a US study57 and also higher than an incremental net benefit 
(INB) of approximately $170 to $340 for COVID-19 vaccines and vaccination strategies reported in a systematic review of 85 
modeling studies.58 One reason could be that these previous studies did not capture the possibility of future exposure to COVID- 
19 as a benefit of vaccines or vaccination strategies. However, the same systematic review reported an INB of approximately 
$1631 to $6599 for COVID-19 treatments.58 Also, a study estimated a maximum WTP of about $15,500 per person with a range 
of $8000 to $28,000 for morbidity and mortality risk reductions of COVID-19 infection.46 These estimates somewhat reflected 
the reasonable estimation of WTP amount for the fear of COVID-19 contagion in this study.

The ML results also indicated that preference heterogeneity among the participants existed. The main-effects LCM 
showed two classes of participants with different preference weights of the chance of future exposure to COVID-19 and 
out-of-pocket cost attributes. While the out-of-pocket cost attribute was more important for the participants in class 1, the 
chance of future exposure to COVID-19 was more important for the participants in class 2. However, the chance of future 
exposure to COVID-19 exposure was relatively important in both classes. In other words, the changes in the chance of 
future exposure to COVID-19 were consistently important to the participants with different preferences. These results 
implied that the fear of contagion was an important element in the value assessment of COVID-19 vaccines.

This study added empirical evidence to support the value of fear of contagion as a new element in the value 
assessment of healthcare technologies for infectious diseases. However, a concern, which was also raised by some 
participants in the open-ended question and was worth mentioning, was whether the value of fear of contagion would 
increase the prices of technologies. It was noteworthy that the results of this study should not be used to justify the 
technologies’ prices. Instead, this study intended to explain the decisions when technologies, which might be worthwhile, 
were not cost-effective, based on economic evaluation results such as CEA with QALY. For instance, a previous study 
published in 2021 showed the COVID-19 vaccine was not cost effective ($340,000 per QALY) for people in the US aged 
18 to 49 years and had no serious medical condition.15 The decision that made COVID-19 vaccines available for these 
people would not be justified if it was based on this CEA alone. Instead, if the fear of contagion was valued, as shown in 
this study, the decision to make the COVID-19 vaccine available to people in this age range would be more justifiable.

This study possesses various notable strengths. For instance, this empirical study quantified the value associated with 
the fear of contagion, determining the WTP for eliminating the risk of future exposure to COVID-19. This information 
presents an opportunity to integrate the value of fear of contagion into existing value frameworks, such as CEA, thereby 
comprehensively capturing the value of emerging technologies for infectious disease. The study findings can aid decision- 
makers in efficiently allocating resources and policymaking by identifying and adjusting healthcare technologies that offer 
optimal value to the population relative to their costs. This involves tailoring interventions to align with the preferences and 
priorities of the target population. Also, this study determined the trade-offs individuals are willing to accept among various 
levels of fear, offering a quantitative measure of the value people assign to alleviating the fear of contagion. Moreover, 
heterogeneity in values concerning fear of contagion in this study provides an opportunity to tailor effective communication 
strategies for individuals with different preferences.

This study encountered four major limitations. Firstly, participant recruitment was conducted through an online panel 
generally white and with a higher level of education, potentially resulting in a sample that does not accurately mirror the 
broader US population. For instance, it was possible that this study could underestimate the value of fear of COVID-19 
contagion since almost half of them were retired and had relatively low household incomes. Also, both ML and LCM 
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results exhibited preference heterogeneity among the participants. Therefore, individuals with different characteristics 
and COVID-19 related experiences might value the fear of contagion differently. A larger and more representative 
sample size should be used to confirm the results of this study. Second, this study used a stated preference approach, 
where participants expressed their opinions rather than made actual choices and had no financial obligation, such 
responses might or might not reflect their real choices. However, the DCE, a rigorous method increasingly used in 
health economics, was used.21 Also, while this study intended to assess the value of fear of contagion, other attributes of 
COVID-19 vaccines were included to make the hypothetical choices in this study resemble real choices. Third, this study 
used only short descriptions of the study attributes instead of a comprehensive tutorial to increase the participant’s 
understanding of the attributes since this approach would allow the participants to finish the survey in approximately 12 
minutes, which would cause less burnout to the participants. However, the validity and understanding of the survey were 
carefully tested using various approaches, including the experts’ reviews, the think aloud method, and the pilot study. 
Based on an open-ended question in the main study asking how the participants thought about the survey, only less than 
1% of all respondents reported the survey was difficult confirming the validity of our findings. Also, the participants 
should be familiar with COVID-19 and COVID-19 vaccines since they were widely discussed during the pandemic. 
Another limitation was that this study assumed the linear continuous specifications of the chance of future exposure and 
cost when the WTPs were calculated from the ML model. However, the results from the model showed relatively straight 
lines among the level changes of these two attributes and therefore supported this assumption was appropriate.

Conclusions
In conclusion, our study revealed $13,046 as the value for eliminating the fear of contagion, suggesting the perceived 
importance of fear of contagion to be equivalent to other vaccine attributes. Future studies should validate this finding 
across diverse study populations and settings. Our study has an important implication for health technology assessment 
across countries with the potential to incorporate the value of fear of contagion into the value assessment of future 
healthcare technologies for infectious diseases.
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