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Abstract

Background: Lyme disease incidence is increasing, despite current prevention options. New 

Lyme disease vaccine candidates are in development, however, investigation of the acceptability 

of a Lyme disease vaccine among potential consumers is needed prior to any vaccine coming to 

market. We conducted a population-based, cross-sectional study to estimate willingness to receive 

a potential Lyme disease vaccine and factors associated with willingness.

Methods: The web-based survey was administered to a random sample of Connecticut, 

Maryland, Minnesota, and New York residents June–July 2018. Survey-weighted descriptive 

statistics were conducted to estimate the proportion willing to receive a potential Lyme 

disease vaccine. Multivariable multinomial logistic regression models were used to quantify 

the association of sociodemographic characteristics and Lyme disease vaccine attitudes with 

willingness to be vaccinated.
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Results: Surveys were completed by 3313 respondents (6% response rate). We estimated that 

64% of residents were willing to receive a Lyme disease vaccine, while 30% were uncertain and 

7% were unwilling. Compared to those who were willing, those who were uncertain were more 

likely to be parents, adults 45–65 years old, non-White, have less than a bachelor’s degree, or 

have safety concerns about a potential Lyme disease vaccine. Those who were unwilling were 

also more likely to be non-White, have less than a bachelor’s degree, or have safety concerns 

about a potential Lyme disease vaccine. In addition, the unwilling had low confidence in vaccines 

in general, had low perceived risk of contracting Lyme disease, and said they would not be 

influenced by a positive recommendation from a healthcare provider.

Discussion: Overall, willingness to receive a Lyme disease vaccine was high. Effective 

communication by clinicians regarding safety and other vaccine parameters to those groups who 

are uncertain will be critical for increasing vaccine uptake and reducing Lyme disease incidence.
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1. Background

Lyme disease (LD) is a multi-system illness caused by infection with Borrelia burgdorferi. 
These spirochetes are transmitted to humans and animals by the bite of infected Ixodes 
species ticks, primarily in northeastern, mid-Atlantic, and upper-midwestern regions of the 

United States (US) [1,2]. Incidence has been increasing, with over 30,000 cases reported 

annually to the Centers for Disease Control and Prevention (CDC) [1]. However, recent 

studies have estimated that there are nearly 500,000 diagnosed cases annually [3–5]. Early 

symptoms of LD most often include a characteristic bull’s-eye rash known as erythema 

migrans, as well as flu-like symptoms [6]. If left untreated, the disease can disseminate 

to cause more severe manifestations, such as arthritis, meningitis, or carditis, the last of 

which can be fatal in rare cases. Most patients will experience a full recovery after antibiotic 

treatment, although some may continue to experience symptoms related to disease sequelae 

[6–10]. Despite the availability of antibiotic treatment, an effective LD vaccine is needed 

to prevent severe outcomes and long-term symptoms and thereby reduce fiscal burdens 

on patients and healthcare systems. Further, currently available personal and yard-based 

prevention methods have not been sufficient to stem rising case numbers, highlighting the 

need for a population-level prevention modality such as a vaccine [11,12 13].

A safe and efficacious vaccine for LD called LYMErix was available for persons aged 15–70 

years from 1998 until 2002 in the US [14,15]. This vaccine conferred protection based on a 

recombinant outer surface protein A (rOspA) of B. burgdorferi. In 2002, it was voluntarily 

discontinued by the manufacturer, reportedly due to poor sales [16]. However, several factors 

have been highlighted as reasons contributing to low demand. Most importantly, it was 

not available for children under 15 years, one of the highest risk age groups. Further, 

some have cited tepid and cumbersome recommendations by the Advisory Committee on 

Immunization Practices (ACIP) as a potential reason for low demand by clinicians and the 

public [17,18]. Vocal opposition by some Lyme disease patient advocacy groups, based on 

unsubstantiated claims that the vaccine caused Lyme arthritis, is also thought to have played 
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a role in LYMErix’s withdrawal [19–22]. The introduction and withdrawal of LYMErix also 

inauspiciously coincided with the then nascent anti-vaccination movement [22]. Since its 

withdrawal, the number of LD cases reported annually has nearly doubled.

After nearly two decades without an LD vaccine, new candidates are in development, 

with initial results showing favorable safety and immunogenicity profiles and potential 

availability in the next several years [23–25]. While rising LD incidence would ostensibly 

result in increased demand for a vaccine, the controversial climate surrounding LD [26] and 

general vaccine hesitancy among some groups [27–30] necessitate further investigation of 

the acceptability of a LD vaccine among potential consumers. The primary objective of this 

study was to estimate what proportion of people living in states with a high incidence of 

LD would be willing to receive a new LD vaccine. The secondary objective was to evaluate 

factors associated with willingness to receive a LD vaccine.

2. Methods

2.1. Study design and sampling

In the summer of 2018, we conducted a population-based, cross-sectional survey using 

address-based sampling of persons living in four states with high incidence of LD [31]. 

The target population included all residents of Connecticut, Maryland, Minnesota, and 

New York, excluding New York City due to low incidence of LD. The sampling frame 

included all households with residential addresses listed in the U.S. Postal Service (USPS) 

database in these areas. We used a stratified, two-stage sampling design where the strata 

were counties from the above-mentioned states. The primary sampling unit was the 

household, while the unit of observation was the individual, with a single individual selected 

within the household. Addresses were purchased from a marketing company that receives 

updated information on a monthly basis directly from USPS based on change of address 

submissions. Household addresses were stratified according to county, and the number 

of addresses selected per county was allocated proportional to county population size. 

Households were randomly selected within counties. An individual within the household 

was selected as the one who had the most recent birthday, regardless of age, an established 

technique to approximate random sampling [32]. For minors selected, parents or guardians 

≥18 years of age provided responses; responses from those <18 years were excluded. 

Subsequently, the term “respondent” will refer to those about whom information was 

collected.

To estimate the proportion of residents willing to receive a LD vaccine, the sample size 

calculation parameters included a conservative estimate of 50% of participants responding 

“Yes” for willingness to receive a LD vaccine; α = 0.01; an acceptable margin of error 

of +/− 5%; and 2 clusters for multi-stage sampling [33]. These parameters resulted in a 

required sample size of 665 respondents per state (2660 respondents total). Based on a 2016 

survey using address-based sampling in Connecticut and Maryland [34], we anticipated a 

5% response rate and, therefore, recruited 13,300 individuals per state (53,200 total) to 

obtain a sample representative of the populations in these states (including responses for 

both adults and children), in the absence of non-response.
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2.2. Data collection

Recruitment, enrollment, and survey completion occurred during June–July 2018, with 

data collection corresponding with peak tickborne disease activity. An invitation postcard 

explaining the survey in English was mailed to each randomly selected household. The 

postcard provided a web link, quick response (QR) barcode, and a unique access code to 

complete the online survey; alternatively, respondents could choose to complete the survey 

over the phone with study coordinators. A reminder was mailed two weeks later, and the 

online surveys were open for approximately four weeks.

Sociodemographic information was collected from respondents (Table 1). An additional 

variable for metropolitan status (large central metropolitan area vs other) by county was 

created using the urban–rural classification scheme from the National Center for Health 

Statistics [35]. The main outcome variable was whether the respondent would be willing to 

receive a LD vaccine if one were available (or vaccinate the minor, if a parent respondent). 

The following covariates were also collected from survey responses (Appendix, Table A1): 

LD vaccine safety concerns; vaccine cost concerns; acceptance of vaccine recommendations 

from a healthcare provider (HCP); history of LD diagnosis among household members; level 

of concern about getting LD; time spent in tick habitat; whether vaccines, in general, benefit 

people; primary source for LD information; and primary location for receiving vaccinations.

2.3. Analysis

The data were weighted to account for the unequal selection probabilities per respondent for 

the two-stage sampling design [32,36]. We compared the sample distributions of age and 

gender to known population totals using chi-squared goodness-of-fit tests, and as necessary, 

conducted post-stratification according to county population distributions of age and gender 

to reduce sampling error and nonresponse error [36–39]. All analyses were conducted using 

the weighted, post-stratified dataset, and all analyses incorporated the sampling design into 

standard error and confidence interval computation and statements of inference. We also 

evaluated non-random missingness in our outcome variable related to non-response (i.e., 

selection bias) using Heckman-type selection models [40–42] (Appendix, Section 1 and 

Table A4).

To estimate the proportion of people in Connecticut, Maryland, Minnesota, and New York 

willing to receive a LD vaccine, summary statistics were computed for the three-level 

response for willingness to receive a vaccine. Additionally, descriptive analyses were 

conducted for the following independent variables: sociodemographic characteristics; LD 

history, attitudes, and practices; vaccine attitudes; primary sources of LD information; and 

primary location for receiving vaccines.

To evaluate factors associated with willingness to receive a LD vaccine, we cross-classified 

the outcome with the above mentioned independent variables, and Pearson chi-squared 

tests with Rao and Scott design-based adjustments were used to evaluate differences in 

the outcome across levels of each independent variable [43]. Because our outcome of 

willingness to vaccinate had three, unordered levels, multivariable multinomial logistic 

regression models were used to quantify the association between LD vaccination responses 
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and independent variables of interest. For each model, we used “Yes” responses to 

willingness to be vaccinated as the reference group to which “No” and “Don’t know” 

responses were compared. The independent variables of interest included sociodemographic 

characteristics (i.e., gender, age category, state, race, and education), LD vaccine safety 

concerns, LD vaccine cost concerns, and positive recommendation for the LD vaccine from 

an HCP. The last three independent variables were dichotomized for analysis (Yes = “Some” 

or “A lot”; No = “Not at all” or “Don’t know”). Separate models were built for each 

independent variable of interest with a specific set of potential confounders identified a 
priori (Appendix, Table A2), and model diagnostics were conducted for each model fit. 

Multinomial logistic regression model results are presented as unadjusted and adjusted odds 

ratios (ORs) and 95% confidence intervals (CIs).

Survey development, administration, data collection, and data management were conducted 

using the Research Electronic Data Capture (REDCap) software hosted at Yale University 

[44,45]. R version 3.5.2 [46–51] was used for all analyses. This study was conducted 

through TickNET, a public health network composed of researchers at state health 

departments, universities, and CDC who collaborate on tickborne disease research and 

surveillance [52]. Research approval and waiver of documentation of informed consent 

were obtained from institutional review boards at CDC, Connecticut Department of Public 

Health, Maryland Department of Health, Minnesota Department of Health, New York 

State Department of Health, and Yale University. Respondents’ participation in the survey 

indicated consent.

3. Results

The survey response rate was 6% (n = 3313). Fifty-nine records were ineligible due to the 

following: missing age data (n = 38), the respondent not being the person in the household 

with the last birthday (n = 15), the adult respondent not being the one to make vaccination 

decisions for the selected minor (n = 1), or the respondent not answering the main outcome 

question regarding willingness to be vaccinated (n = 5). An additional 48 records with 

missing gender information were removed prior to analysis because gender information 

was necessary for post-stratification. The resulting sample available for analysis was 3206 

records. The coefficient of the inverse Mill’s ratio resulting from Heckman selection models 

indicated no evidence of significant selection bias (Appendix, Table A4).

Individuals in the sample were older with a higher proportion female compared to the 

source population; therefore, we post-stratified the data on age and gender as described 

above [36–39]. The following proportions of demographic characteristics were fixed by 

post-stratification: 54% of residents were female, 17% were aged ≥ 65 years, 33% were 

from New York, and 28% lived in a large central metropolitan area (Table 1). In weighted 

analysis, we estimated that 15% of residents were parents, 85% were White, and 65% had a 

bachelor’s degree or higher; CIs are reported in Table 1.

For our outcome of interest, we estimated that 64% (n = 2098) of residents were willing 

to receive a LD vaccine, while 7% (n = 190) were not willing and 30% (n = 918) were 

uncertain (Table 1). We estimated that 18% of residents experienced a past LD diagnosis 
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in their household, and 86% expressed concern about a future LD diagnosis. An estimated 

71% of residents spent time in tick habitat at least weekly. Nearly all residents (92%) used 

some type of LD prevention measure, while 70% were confident that available measures can 

prevent LD. The vast majority (94%) were confident that recommended vaccines benefit 

people. Regarding LD vaccine attitudes, the majority of residents had concerns about 

vaccine safety (71%) and cost (63%), and the majority (89%) indicated that a positive 

recommendation from an HCP for the LD vaccine would influence their willingness to be 

vaccinated. In stratified analyses, differences in willingness to be vaccinated were observed 

for all characteristics and were significant at α = 0.05.

Overall, we estimated that the top sources of LD information for residents were health 

websites (29%, 95% CI: 28%, 30%), search engines (22%, 95% CI: 21%, 23%), and HCPs 

(21%, 95% CI: 20%, 22%) (Fig. 1), with similar proportions for those who said “Yes” 

and “Don’t know” to potential LD vaccination (Appendix, Fig. A1). Among those who 

said “No” to potential LD vaccination, a lower proportion (22%, 95% CI: 17%, 27%) cited 

health websites as a primary source of LD information, and a higher proportion cited search 

engines (25%, 95% CI: 19%, 31%) and social media (6%, 95% CI: 2%, 9%), compared to 

residents overall and those who said “Yes” and “Don’t know” to LD vaccination (Appendix, 

Fig. A1).

Overall, the top three locations for receiving vaccinations were HCP offices, clinics, 

or hospitals (82%, 95% CI: 81%, 83%); pharmacies (12%, 95% CI: 11%, 12%); and 

workplaces (3%, 95% CI: 2%, 3%) (Fig. 2). Proportions were similar for those who 

said “Yes” and “Don’t know” to potential LD vaccination, while a higher proportion of 

those who said “No” said they “do not get vaccines” (14%, 95% CI: 10%, 18%) or that 

they “Don’t know” their primary location for receiving vaccination (5%, 95% CI: 4%, 

6%), compared to residents overall and those who said “Yes” and “Don’t know” to LD 

vaccination (Appendix, Fig. A2).

Table 2 shows the estimated unadjusted and adjusted ORs and 95% CIs resulting 

from survey-weighted, multivariable, multinomial logistic regression analysis. In terms of 

sociodemographic characteristics, the odds of parents of minors responding “Don’t know” 

(vs. “Yes”) to LD vaccination was 1.6 times that of the reference group, those 65 years 

and older (OR: 1.60, 95% CI: 1.06, 2.42). The odds of those aged 45–64 years responding 

“Don’t know” were also higher compared to those 65 years and older (OR: 1.40, 95% CI: 

1.07, 1.85). Females had only slightly higher odds of responding “No” (vs. “Yes”) to LD 

vaccination compared to males (OR: 1.55, 95% CI: 0.90, 2.68) and did not have higher 

odds of responding “Don’t know”. Those in Maryland and New York had higher odds of 

responding “Don’t know” to LD vaccination compared to those in Connecticut (aOR: 1.42, 

95% CI: 1.01, 1.99 and aOR: 1.52, 95% CI: 1.05, 2.19, respectively). No differences were 

found among states for “No” responses. Non-White residents had higher odds of responding 

“No” to LD vaccination (aOR: 2.29, 95% CI: 1.21, 4.32) and “Don’t know” (aOR: 1.54, 

95% CI: 1.10, 2.17) compared to White residents. Those with less than a bachelor’s degree 

had higher odds of responding “No” (aOR: 2.21, 95% CI: 1.28, 3.83) and “Don’t know” 

(aOR: 1.47, 95% CI: 1.13, 1.91) to LD vaccination compared to those with more education.
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In terms of attitudes toward a LD vaccine, those with safety concerns had higher odds of 

responding “No” and “Don’t know” to LD vaccination (aOR: 2.62, 95% CI: 1.49, 4.6; aOR: 

1.99, 95% CI: 1.42, 2.78, respectively) compared to those without safety concerns. Those 

who said HCP recommendation would not influence their willingness to be vaccinated had 

much higher odds of responding “No” (aOR: 5.21, 95% CI: 2.72, 10.00) but only slightly 

higher odds of responding “Don’t know” (aOR: 1.42, 95% CI: 0.94, 2.15). Finally, those 

with LD vaccine cost concerns had lower odds of responding “No” to LD vaccination (aOR: 

0.36, 95% CI: 0.20, 0.64) compared to those without cost concerns.

4. Discussion

We estimate that over 60% of residents in states with a high incidence of Lyme disease 

would be willing to receive a LD vaccine if one were available. Approximately 30% 

of residents were unsure about vaccination, and they were more likely to be parents 

making decisions for their children, adults 45–65 years of age, non-White, have less than 

a bachelor’s degree, or have concerns about the safety of a potential LD vaccine. Targeted 

vaccine communications by HCPs to these groups, especially those in the age groups at 

highest risk for LD (children aged 5–10 years and adults aged 45–55 years [1]) may increase 

uptake of a LD vaccine. Less than 10% of residents indicated that they were not willing 

to be vaccinated. They were also more likely to be non-White, have less than a bachelor’s 

degree, or have concerns about the safety of a potential LD vaccine, but they also would not 

be influenced by a positive recommendation from a HCP, have low confidence in vaccines in 

general, and have low perceived risk of contracting LD. Targeted outreach may be unlikely 

to change these groups’ willingness to receive a LD vaccine. Alternatively, these groups may 

have low perceived risk of LD because of truly being at low risk (e.g., those who do not 

spend time outdoors in tick habitat), and they may not benefit from LD vaccination.

A 2002 study among parents in Nassau County, New York evaluated whether parents would 

request the LYMErix vaccine for their children, if and when it became available. The vast 

majority said they would “definitely” (23%) or “likely” (65%) request it, followed by those 

“unlikely” (9%) to request it and those who would not (3%) [53]. While this response 

scale differs from that in our study, these results are similar to ours, with the majority 

willing to be vaccinated and few declining. Another study evaluated a LYMErix vaccination 

program among New York State Department of Health employees at risk for occupational 

tick exposure. While only 16% of employees chose to be vaccinated, the majority of non-

recipients reported safety as a major concern, as seen in our results [54].

Prior to this study there has been little research on acceptability of a potential new LD 

vaccine, though a 2016 convenience sample survey conducted in Connecticut and Maryland 

counties with a high incidence of LD found that the majority of respondents were likely 

to receive a potential LD vaccine, with 49% “very likely”, 35% “somewhat likely”, 8% 

“somewhat unlikely”, and 7% “very unlikely” [34]. Similarly, a nationwide population-

based survey conducted in 2014 and 2015 found that 65% of respondents in high incidence 

states would be “likely” to receive a potential LD vaccine [55]. Additionally, a qualitative 

research study conducted in 2018 using focus groups of those at high risk for LD showed 

that 57% would be “very likely” to receive a LD vaccine [69]. Again, while the response 
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scales of these studies differ from the present study, our estimates of potential vaccine 

uptake are concordant.

Demographic disparities in vaccination coverage are common and complex for both 

compulsory childhood vaccines and for recommended, non-compulsory vaccines for adults 

and children [27,28,56–59]. Our finding that those who are non-White or those with lower 

education are more likely to respond “No” and “Don’t know” to LD vaccination contrasts 

somewhat with studies on childhood vaccines. In Arizona, non-medical exemption rates (i.e., 

vaccine refusals) among kindergarteners were higher in schools with a higher proportion of 

White children and a lower proportion of free lunches (as a proxy for income) [27]. In a 

nationwide survey, more White parents reported being unsure about or refusing childhood 

vaccinations versus other racial groups [28]. However, another nationwide survey found 

demographic differences when comparing under-vaccinated children with unvaccinated 

children; under-vaccinated children tended to be Black, have a mother without a college 

degree, and have lower household income while unvaccinated children tended to be White, 

have a mother with a college degree, and have higher household income [56]. However, 

our survey was not parent-specific, and our sample includes only a small proportion of 

parent respondents. Our results for a voluntary LD vaccine are likely more comparable to 

annual reports of coverage for recommended, non-compulsory vaccines for adults. Annually, 

these reports show higher coverage generally for White persons compared with most other 

racial groups [57,58]. People from racial and ethnic minority groups are at risk for LD, and 

vaccine communications should focus on these groups in endemic areas.

Vaccine safety concerns are often cited as reasons for delaying or refusing vaccinations 

generally among both parents and adults, and these concerns were also an important 

factor in LYMErix vaccination decisions, despite it being proven to be safe [28–

30,53,54,56,60,61]. Our results show that safety will also be an important consideration in 

future LD vaccination decisions. A new LD vaccine may spawn additional safety concerns 

given that the waning demand for LYMErix was due, in part, to safety concerns, albeit 

unfounded. However, current vaccine candidates do not include the alleged, arthritis-causing 

epitope present in the LYMErix vaccine, which may assuage concerns for some [62]. 

Further, many studies, including this one, have shown that a positive recommendation for 

vaccination from an HCP has a significant influence on the vaccination decision and can 

increase uptake [61,63,64]. While other factors such as efficacy, convenience, and LD 

risk, among others, will undoubtedly play a role in uptake of a potential LD vaccine, 

effectively communicating its safety profile will be critical, and HCPs should be primary 

communicators of this information to the public [65]. As such, it will be important for public 

health practitioners to work with HCPs to develop messaging and other tools for discussing 

LD vaccines with patients.

These results must be interpreted in the context of several potential limitations. While we 

anticipated and accounted for a low response rate in our sample size calculations, such large 

non-response may affect the validity of our estimate of vaccine uptake due to non-response 

error. For example, it is possible that those who do not perceive themselves to be at risk 

for LD had low interest in the survey and chose not to respond. These non-respondents 

may be likely to decline LD vaccination due to their perceived low risk, thereby causing 
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an overestimate of the proportion willing to be vaccinated in our sample, compared to the 

target population. Similarly, those who perceive themselves to be at high risk for LD may 

have had keen interest in participating in the survey, and their perceived risk may lead to 

higher willingness to be vaccinated, again leading to an overestimate of vaccine acceptance. 

However, post-stratification was intended to mitigate this non-response error, and Heckman 

selection model results did not reveal significant selection bias. Further, our results are very 

similar to other LD vaccine acceptability studies with different sampling methods, as noted 

above. In terms of information bias, most survey questions, including the willingness to 

vaccinate outcome and independent variables of interest, concerned respondents’ opinions, 

making recall or misclassification error unlikely. However, given the hypothetical nature of 

the survey questions, the estimate of intention to receive a LD vaccine may change as more 

information on vaccine parameters becomes available or may differ from actual vaccine 

uptake. For example, results were mixed for studies evaluating the correlation between 

intention to receive a vaccine and actual uptake during the 2009–2010 influenza A/H1N1 

pandemic in the United States [66–68]. Lastly, while our results are generalizable to the 

populations of participating states, excluding residents of New York City, these results may 

or may not be generalizable to other states with a high incidence of LD. However, the states 

in this study represent a range of endemicity, from fully endemic in Connecticut to focally 

endemic in parts of Minnesota and New York; therefore, results are likely applicable to other 

endemic states, such as Massachusetts and Wisconsin, but may not apply to states where LD 

is emerging, such as Michigan and West Virginia.

In anticipation of a new LD vaccine coming to market, future studies should further evaluate 

parent-specific vaccine concerns, given that children are at high risk for LD and may 

benefit most from the vaccine. Additional evaluations of vaccine acceptability will also 

be needed once safety, efficacy, dosing, and immunogenicity data is available for a new 

vaccine. Our estimate of potential vaccine uptake provides important information for ACIP 

recommendations and may be used in economic evaluations of a potential vaccine. Lastly, 

our characterization of the factors affecting willingness to receive a potential LD vaccine can 

inform future communication and education efforts with clinicians and the public to increase 

awareness and uptake of a vaccine.

5. Conclusions

LD incidence is increasing, despite current prevention options. A new LD vaccine could 

substantially reduce disease incidence if vaccine uptake is high. The majority of residents 

in four high incidence states would be willing to receive a LD vaccine if one were 

available. Effective communication by clinicians regarding safety, efficacy, and other 

vaccine parameters to those demographic groups who are uncertain about LD vaccination 

will be critical for increasing vaccine uptake and reducing LD incidence.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Residents’ primary source for LD information. The gray bars represent the weighted 

percent. The black lines represent 95% confidence intervals.
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Fig. 2. 
Residents’ primary location for receiving vaccination. The gray bars represent the weighted 

percent. The black lines represent 95% confidence intervals. “HCP” denotes healthcare 

provider.
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