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Introduction: Lyme disease (LD) incidence in the United States is highly regional, with most cases occurring in 16 high-incidence jurisdictions. LD incidence and severity of disease have been found to vary by race. This study describes racial differences in knowledge, attitudes toward vaccination, and risk practices related to LD.

Methods: Four web-based surveys were conducted with adults and caregivers of children in high-incidence jurisdictions and 10 states neighboring them. Respondents were recruited via an established online panel to represent the general population. Self-reported race was pooled into 3 categories: ‘White’, ‘Black or African American’, and ‘Other’ for analysis. Analyses were conducted separately for each jurisdiction (high-incidence vs. neighboring) and respondent type (adult vs. caregiver).

Results: The final sample across all surveys included 2,249 respondents who identified as White, 493 respondents who identified as Black or African American, and 674 respondents of other races. White respondents were older, had higher incomes, and were likelier to live in small cities and rural areas. Though attitudes toward vaccination in general were similar between racial categories, when differences were present, Black respondents were more likely to have concerns about vaccines than White respondents. In all surveys, White respondents engaged in more outdoor activities than Black respondents and performed these activities more often. However, both White adults and caregivers in high-incidence jurisdictions were significantly less likely to have occupations with primarily outdoor work than corresponding respondents in other racial groups. Black respondents also had lower knowledge about LD than White respondents across all surveys. This difference was significant after adjusting for state incidence level and urbanicity.

Conclusion: There are some racial differences in knowledge, attitudes, and practices around LD, with White respondents reported having higher knowledge of LD, less concerns about vaccines, and higher frequency of risk practices. These differences might contribute to racial disparities in LD outcomes.
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1 Introduction

Lyme disease (LD) is the most common vector-borne disease in the United States, with an estimated 476,000 individuals diagnosed and treated each year (1). The causative bacterium, Borrelia burgdorferi, is transmitted to humans through a bite from an infected Ixodes scapularis tick. Clinical presentation of LD typically begins with localized disease, which often involves erythema migrans rash at the site of the tick bite. If left untreated, this can progress to more severe disseminated disease and involve neurologic, rheumatologic, or other manifestations (2). Though antibiotic therapy is effective at treating LD (2), there is no vaccine currently available to prevent infection in humans.

The incidence of LD in the United States is highly regional, as the distribution and density of infected Ixodes ticks are associated with ecological factors. As of 2022, the US Centers for Disease Control and Prevention (CDC) reported 16 high-incidence (incidence >10 per 100,000 population) jurisdictions where most LD cases occurred: Connecticut, District of Columbia, Delaware, Maine, Maryland, Massachusetts, Minnesota, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, Vermont, Virginia, West Virginia, and Wisconsin (3). LD is also an emerging public health concern in jurisdictions not currently classified as high-incidence, as the areas considered at high risk of LD have spread geographically over time (4).

LD incidence is driven by entomologic risk (e.g., the presence of infected, questing Ixodes ticks) and human exposure to these ticks. The former necessitates that LD is a ‘disease of place’, determined by entomologic risk alone, but the latter may have differences in exposure risk resulting from knowledge and awareness of LD, attitudes toward LD risk and vaccination, and frequency of activities that put individuals in contact with questing ticks. Though the reported incidence and prevalence of LD in the US is highest in White individuals, this is likely reflective, at least in part, of the relationship between where individuals live and the presence of ticks in those environments (5). Further, though White individuals have the highest incidence rates, people from racial or ethnic minority groups are more likely to report disseminated disease and more severe outcomes (6–9). Possible explanations for this disparity in outcomes include factors such as disease recognition on darker skin tones and variations in healthcare access by race (9). However, the extent to which these differences reflect higher underlying risk due to place of residence or differences in exposure for race and ethnicity groups is unclear.

Further, there is a lack of published data on the relationship between race and knowledge, attitudes toward vaccination, and practices around LD. The limited evidence currently available has inconsistent findings on racial differences within high-incidence areas (10–15). This present study aims to address this gap using a large, representative sample across multiple jurisdictions to assess differences in these measures by race. This study includes both high-incidence jurisdictions, where efforts around LD prevention are likely to be highest, and neighboring jurisdictions where LD may be a growing public health concern due to the geographic spread of the vector.



2 Methods


2.1 Study design

Data were collected using web-based surveys distributed to respondents in jurisdictions defined as high-incidence based on CDC LD surveillance data (16) and “neighboring” states sharing a border with a high-incidence jurisdiction (i.e., Illinois, Indiana, Iowa, Kentucky, Michigan, North Carolina, North Dakota, Ohio, South Dakota, and Tennessee). As exposure risk among children is likely dictated by the knowledge and attitudes of their caregivers, separate surveys were distributed to collect data about the adult population and the population of caregivers with children below the age of 18. In the adult survey, respondents were prompted to answer all questions for themselves, while in the caregiver survey, respondents were prompted to answer some questions for themselves and some on behalf of their child. In total, four separate surveys were deployed: two (adults and caregivers) in high-incidence jurisdictions and two (adults and caregivers) in neighboring jurisdictions. Specific survey items are detailed in Supplementary Tables S1–S4, and included questions around self-assessed knowledge of LD, attitudes toward vaccination in general and toward hypothetical future LD vaccines, and practices that might put them at high risk of exposure to ticks.

Surveys were programmed and distributed using Qualtrics online software (Qualtrics, Provo, UT) and data were collected from a panel of respondents maintained by Qualtrics. This panel provider recruits respondents through various sources, including website intercept recruitment, member referrals, targeted email lists, gaming sites, customer loyalty web portals, permission-based networks, and social media. This panel has been previously used for surveys related to many topics, including tickborne diseases (17, 18). The Qualtrics panel has been shown to provide demographically representative samples of the United States (19). Panelists received email invitations to participate in the survey; the invitations included standard language about the incentive and a hyperlink to the survey. Informed consent was obtained from all respondents before beginning the survey, and respondents were provided with information regarding the survey objectives and their right to end the survey at any time. Respondents were compensated for completing the survey using different methods (e.g., gift cards, airline points, cash). As this was a non-probability sample with an unknown sampling frame, the response rate is not reported (20).

The target sample sizes were 800 respondents for each of the four samples. Sample quotas for age, sex, race/ethnicity, and residence in a large city were used to approximate the population distribution. Respondents were considered eligible if they resided in a high-incidence or neighboring jurisdiction and were 18 years or older. Data were collected in 2023 from high-incidence jurisdictions between April 26 to May 22 and from neighboring jurisdictions between October 2 to 25. Additional methods related to survey design, administration, and recruitment procedures have been described previously (21, 22).



2.2 Data analysis

Data were screened to remove responses that failed data quality metrics: failed an attention check, completed the survey too quickly, or ‘straight-lined’ responses. Data were also manually checked by a researcher before analysis.

Because of sample size limitations, race was pooled into three categories for analysis: White, Black or African American, and Other. The Other category included any respondents that selected “Hispanic or Latino,” “Asian or Pacific Islander,” “Some other race/ethnicity,” or selected more than one race/ethnicity option. Analyses were conducted separately for each jurisdiction-level LD incidence category (high-incidence and neighboring) and respondent type (adults and caregivers).

Differences in responses to survey items between racial categories were assessed using Fisher’s exact test, with White respondents as the reference group. As the respondents included in the Other category represent heterogeneous identities, the results presented in the main text only compare White and Black respondents; results comparing White and Other respondents are included in the supplement. LD risk practices were quantified by assessing the number of different activities respondents reported engaging in (Supplementary Table S1C); differences in the mean number of risk activities reported were assessed using a Welch two-sample t-test.

To examine differences in knowledge about LD across high-incidence and neighboring jurisdictions, Likert scale responses to the knowledge questions were treated as a continuous dependent variable to estimate ordinary least squares regression models that controlled for urbanicity of residence. Other covariates, including income and education, were considered for inclusion in regression models but eliminated due to collinearity with urbanicity. p-values of <0.05 were considered statistically significant. All data analysis was conducted using R (version 4.2.2) (23).




3 Results

In total, the four surveys recruited 2,249 respondents who identified as White, 493 who identified as Black or African American, and 674 who identified as a race other than Black or White. The demographics of survey respondents are shown in Table 1. There were differences in respondent demographics by race across surveys in age, income, and urbanicity of residence. A higher proportion of White respondents were in the oldest age and highest income categories compared with respondents who were Black or of other races. White respondents were also more likely to report living in a small city or rural area, while Black respondents were more likely to report living in a large city.



TABLE 1 Demographic characteristics of survey respondents.
[image: Table1]

Intention to vaccinate for LD was not significantly different between respondents of different races across most survey items (Table 2; Supplementary Table S2). In neighboring states, Black adults reported a higher intention to vaccinate against LD than White adults (18% ‘Very likely’ in Black adults vs. 9% ‘Very likely’ in White adults, p-value <0.05); however, there was no difference in intention to vaccinate for LD if a healthcare provider recommended vaccination. In high-incidence jurisdictions, however, Black adults reported lower intention to vaccinate for LD than White individuals if vaccination was recommended by a healthcare provider (24% ‘Very likely’ in Black adults vs. 40% ‘Very likely’ in White adults, p-value <0.05).



TABLE 2 Attitudes toward vaccination for LD and in general in White and Black respondents.
[image: Table2]

General attitudes toward vaccination were mostly similar across racial categories in each survey (Table 2; Supplementary Table S2). When differences in attitudes did exist, the proportion of Black respondents reporting concerns about vaccination was between 6 and 11% higher than that of White respondents.

In all surveys and across all outdoor environment types, a higher proportion of White respondents than Black respondents reported spending more time outdoors, though this difference was not always significant (Table 3). The trends were less consistent for respondents of other races (Supplementary Table S3). In addition, White respondents reported doing a significantly higher number of outdoor activities than Black respondents on average. White caregivers in high-incidence jurisdictions and both adults and caregivers in neighboring states were also more likely to report having a household pet that goes outside. On the other hand, in high-incidence jurisdictions, a higher proportion of Black adults (19%) and adults of other races (11%) reported having occupations that were primarily outdoor work than White adults (8%). In neighboring states, a higher proportion of adults of other races (12%) and Black caregivers (19%) reported doing primarily outdoor work compared with White adults (9%) and caregivers (17%).



TABLE 3 Practices related to LD in White and Black respondents.
[image: Table3]

In all surveys, unadjusted knowledge of LD for Black respondents was significantly lower than for White respondents (Table 4). After adjusting for urbanicity of residence and jurisdiction incidence level, compared with White respondents, self-assessed knowledge of LD in both the adult (Table 5, Model 1) and caregiver (Table 5, Model 2) samples was significantly lower for Black respondents (0.29 in adults, 0.30 in caregivers) and respondents of other races (0.14 in adults, 0.32 in caregivers). However, perception of LD as a common or serious problem was not significantly associated with race (Table 5, Models 3–6).



TABLE 4 Knowledge of LD in White and Black respondents.
[image: Table4]



TABLE 5 Linear regression models of knowledge by race, adjusted for residence.
[image: Table5]

After adjusting for race and jurisdiction incidence level, urbanicity of residence was not associated with LD knowledge (Table 5). Self-assessed knowledge for respondents in neighboring states was lower by 0.26 for adults and 0.17 for caregivers (Table 5, Model 1–2). Respondents from neighboring states were also less likely to think LD was common in their area (Table 5, Model 3–4), but did not have significantly different perceptions about the seriousness of LD (Table 5, Model 5–6). There were no differences in relationships between knowledge and race and knowledge and residence in high-incidence vs. neighboring jurisdictions, with two exceptions: Black caregivers in neighboring states were more likely to think of LD as common than White caregivers (Table 5, Model 4), and Black adults in neighboring states were more likely to say LD was a serious problem in their community than White adults (Table 5, Model 5).



4 Discussion

This study provides insights into how self-assessed knowledge, attitudes toward vaccines for LD and in general, and risk practices for LD compare between persons in different racial categories in jurisdictions with a high incidence of LD and neighboring jurisdictions. While these data show that there are differences in some measures between racial groups, findings differed based on geography (i.e., high-incidence jurisdiction vs. neighboring jurisdiction) and survey population (adult vs. caregiver). Overall, these findings suggest that White respondents had more knowledge about LD, less concerns about vaccination in general, and a higher frequency of time spent outdoors. The only exception to this is occupational risk, with Black respondents being more likely to report an outdoor occupation.

Our sample included both adults and caregivers of children under 18, allowing insight into some of the factors influencing LD knowledge and exposure practices among children as well. LD incidence has been shown to peak in children aged 5–9 years old (24), and children from racial and ethnic minority groups are more likely to have disseminated LD manifestations than their white counterparts (9). Our findings were concurrent across both the adult and caregiver samples, which emphasizes the consistency of these disparities across both adult and child populations. This highlights the critical need to address these issues through targeted interventions that address both adult and pediatric needs.

White respondents reported more frequent participation in recreational outdoor risk practices (e.g., hiking in wooded areas, walking around public parks) than Black respondents, which could be explained by a higher proportion of Black respondents living in urban areas and thus being less likely to have access to recreational green spaces. This is further compounded by racial disparities in access to green spaces within US cities, as having a higher proportions of White residents have been shown to correlate with greater access to urban green spaces (25).

Higher knowledge and more frequent participation in outdoor risk practices among White respondents could be related: public health education around LD may be targeted toward individuals spending recreational time outside. Though Black respondents were more likely to have outdoor occupations, it is possible that LD preventative messaging is not effectively reaching those exposed in an occupational capacity. Further, though White respondents were more likely to live in rural areas, self-assessed knowledge by racial group still differed after adjustment for urbanicity of residence. This suggests that discrepancies in knowledge between racial categories cannot be solely explained by the differences in where individuals of different races live and highlights a need to better shape messages to ensure that they reach all at-risk individuals regardless of race. On the other hand, White respondents may be more likely to have experience with LD, either personally or through someone close to them, as reported incidence of LD is higher in White individuals (6–9). As such, higher knowledge in White respondents could reflect greater experience with the disease. Future studies could investigate sources of information about LD, the degree of trust in those sources, and how these might vary by race.

Given the paucity of literature on racial differences in LD, comparing these findings with existing evidence is difficult. Two previous studies in Delaware and New York found that White individuals were more likely to perceive LD as a problem (10, 11). While the unadjusted analyses from this study concur with the findings from previous studies, adjusting for urbanicity rendered this difference insignificant in high-incidence jurisdictions. In neighboring states, however, Black adults were more likely than White adults to perceive LD as being a serious problem in their community, even after adjusting for urbanicity.

In addition, two other studies also found higher willingness to receive a prospective vaccine to prevent LD in White respondents compared with adults from racial or ethnic minority groups (12) and Black, non-Hispanic adults (14). This difference in intention to receive a hypothetical vaccine by race has also been found for non-LD diseases (14). It is worth noting that respondents were asked about their intention to receive a vaccine not yet available in both these studies and this study; responses may not necessarily hold in the context of an available vaccine. Still, there is a substantial body of literature on racial differences in uptake of recommended adult and childhood vaccines, which generally finds lower uptake among people from racial or ethnic minority groups (26–28). This relationship is highly complex and mediated by many other socioeconomic factors; in particular, Black Americans have been found to report lower trust in the medical system and vaccine approval process (28), a sentiment rooted in the historic mistreatment of Black Americans in the medical system (29).

Though the findings of this study agree with existing evidence on the perception of LD as a problem and intention to receive an LD vaccine, this study as a whole offers additional information beyond existing literature surrounding racial differences in LD. While other studies have focused on measuring and comparing knowledge, attitudes, and practices across high-incidence and neighboring jurisdictions, this is the first focused examination of how these parameters differ by race (18). The inclusion of equity in the Evidence to Recommendations Framework put forth by the Advisory Committee on Immunization Practices (ACIP) underscores the importance of considering issues such as knowledge gaps or vaccine acceptability that may vary between groups and impede equitable vaccine access and usage (30).

A major limitation of these findings is the ability to conduct analyses for specific race and ethnicity groups representing a relatively smaller proportion of the US population. Though the survey was powered to approximate the demographic distribution of these jurisdictions, the data remain underpowered to adequately analyze persons identifying as races other than Black or White. As respondents in the Other category are likely heterogeneous, it is difficult to draw meaningful conclusions about the ethnic or racial groups included in that category without intentionally oversampling to provide the power necessary for analyses. In particular, persons of Hispanic origin were not broken out as a separate category in this study, but there is research suggesting that there are disparities in disease severity and higher occupational risk among Hispanic persons (31). Further, race is a construct experienced across multiple, at times conflicting, dimensions (32). Respondents in this study were asked to self-identify as a particular race, but this may not capture other aspects of race that can drive differences in lived experiences (e.g., skin color, first language, immigration status). Though we can describe some differences in knowledge between racial categories that are independent of differences in urbanicity, it is difficult to tease out how this arises.

Another limitation is the comparison of four different surveys: adults in high-incidence jurisdictions, caregivers in high-incidence jurisdictions, adults in neighboring jurisdictions, and caregivers in neighboring jurisdictions. Though most questions were the same across all surveys (Supplementary Tables S1A–D), caregivers were prompted in some questions to answer questions on behalf of their child and in other questions to answer for themselves. In addition, the surveys in high-incidence jurisdictions were fielded before or early in the tick season while the surveys in neighboring states were fielded after or late in the tick season. As a result, it is possible that respondents in neighboring states had more recent exposure to ticks or public awareness campaigns about tickborne diseases. Thus, these data are not directly compared between surveys.



5 Conclusion

This study shows that there are some racial differences in knowledge, attitudes, and risk practices related to LD, with White respondents generally reporting higher knowledge, less concerns about vaccination, and a higher frequency of time spent outdoors. That these differences are not fully explained by differences in urbanicity suggests that LD knowledge and exposure practices may partly underlie the disparities in LD outcomes. However, the complexity of LD risk requires further research to understand the mechanisms by which these differences are created and maintained.



Data availability statement

The datasets presented in this article are not readily available due to respondent privacy. Requests to access the datasets should be directed to madiha.shafquat@pfizer.com.



Ethics statement

The studies involving humans were approved by Advarra Incorporated Institutional Review Board. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

MS: Conceptualization, Formal analysis, Methodology, Visualization, Writing – original draft, Writing – review & editing. NP: Data curation, Investigation, Writing – review & editing. BM: Investigation, Methodology, Writing – review & editing. JS: Funding acquisition, Writing – review & editing. LHG: Conceptualization, Methodology, Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article.



Acknowledgments

The authors thank Stephanie Duench, Ronika Parrish, and Jennifer Moisi for their critical manuscript review.



Conflict of interest

NP and BM were employed by the company Behavioralize LLC. MS, JS, LHG are all employees of Pfizer and hold stock/shares in Pfizer.

This study was supported and jointly funded by Valneva and Pfizer as part of their co-development of a Lyme disease vaccine. The funder had the following involvement in the study: study design, analysis, interpretation of data, the writing of this article, and the decision to submit it for publication.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1473304/full#supplementary-material



References

 1. Kugeler, K, Schwartz, A, Delorey, M, Mead, P, and Hinckley, A. Estimating the frequency of Lyme disease diagnoses, United States, 2010–2018. Emerg Infectious Dis J. (2021) 27:616–9. doi: 10.3201/eid2702.202731 

 2. Steere, AC, Strle, F, Wormser, GP, Hu, LT, Branda, JA, Hovius, JWR , et al. Lyme borreliosis. Nat Rev Dis Prim. (2016) 2:16090. doi: 10.1038/nrdp.2016.90 

 3. U.S. Department of Health & human services. Lyme disease (Borrelia Burgdorferi) 2022 case definition. (2021) Available online at: https://ndc.services.cdc.gov/case-definitions/lyme-disease-2022/ (Accessed July 10, 2024).

 4. Kugeler, KJ, Farley, GM, Forrester, JD, and Mead, PS. Geographic distribution and expansion of human Lyme disease, United States. Emerg Infect Dis. (2015) 21:1455–7. doi: 10.3201/eid2108.141878 

 5. Springer, YP, and Johnson, PTJ. Large-scale health disparities associated with Lyme disease and human Monocytic Ehrlichiosis in the United States, 2007-2013. PLoS One. (2018) 13:e0204609. doi: 10.1371/journal.pone.0204609 

 6. Fix, AD, Peña, CA, and Strickland, GT. Racial differences in reported Lyme disease incidence. Am J Epidemiol. (2000) 152:756–9. doi: 10.1093/aje/152.8.756 

 7. Schwartz, AM, Hinckley, AF, Mead, PS, Hook, SA, and Kugeler, KJ. Surveillance for Lyme disease - United States, 2008-2015. MMWR Surveill Summ. (2017) 66:1–12. doi: 10.15585/mmwr.ss6622a1 

 8. Wormser, GP, McKenna, D, Morgan, T, Scavarda, C, Cooper, D, and Visintainer, P. A prospective study to characterize symptoms and symptom severity in adult patients with Extracutaneous manifestations of Lyme disease. Am J Med. (2023) 136:702–6. doi: 10.1016/j.amjmed.2023.04.001 

 9. Gould, LH, Fathalla, A, Moïsi, JC, and Stark, JH. Racial and ethnic disparities in Lyme disease in the United States. Zoonoses Public Health. (2024) 71:469–79. doi: 10.1111/zph.13137 

 10. Gupta, S, Eggers, P, Arana, A, Kresse, B, Rios, K, Brown, L , et al. Knowledge and preventive behaviors towards tick-borne diseases in Delaware. Ticks Tick Borne Dis. (2018) 9:615–22. doi: 10.1016/j.ttbdis.2018.01.006 

 11. Wheeler-Martin, K. Lyme disease and other tick-borne diseases. Poughkeepsie, NY: Dutchess County Department of Behavioral & Community Health. (2018).

 12. Hook, SA, Hansen, AP, Niesobecki, SA, Meek, JI, Bjork, JKH, Kough, EM , et al. Evaluating public acceptability of a potential Lyme disease vaccine using a population-based, cross-sectional survey in high incidence areas of the United States. Vaccine. (2022) 40:298–305. doi: 10.1016/j.vaccine.2021.11.065 

 13. Nawrocki, CC, and Hinckley, AF. Experiences with tick exposure, Lyme disease, and use of personal prevention methods for tick bites among members of the U.S. population, 2013-2015. Ticks Tick Borne Dis. (2021) 12:101605. doi: 10.1016/j.ttbdis.2020.101605

 14. Quinn, SC, Lama, Y, Jamison, A, Freimuth, V, and Shah, V. Willingness of black and white adults to accept vaccines in development: an exploratory study using National Survey Data. Am J Health Promot. (2021) 35:571–9. doi: 10.1177/0890117120979918 

 15. Hu, SY, Starr, JA, Gharpure, R, Mehta, SP, Feldman, KA, and Nelson, CA. Knowledge and prevention of Tickborne diseases among Hispanic and non-Hispanic residents of Maryland and Virginia. Zoonoses Public Health. (2019) 66:805–12. doi: 10.1111/zph.12627 

 16. Division of Vector-Borne Diseases NCfEZIDN. Lyme disease data dashboard: Centers for disease control and prevention (2021). Available online at: https://www.cdc.gov/lyme/datasurveillance/surveillance-data.html (Accessed July 10, 2024).

 17. Omodior, O, Anderson, KR, Clark, W, Eze, P, and Donohoe, H. Preventing tick-bites among children in Indiana, USA: an analysis of factors associated with parental protective behaviors. Ticks Tick Borne Dis. (2021) 12:101647. doi: 10.1016/j.ttbdis.2020.101647 

 18. Gidengil, C, Scherer, AM, Parker, AM, Gedlinske, A, Fleck-Derderian, S, Hinckley, AF , et al. Lyme disease vaccine attitudes and intentions among parents of children aged 5-18 years in the United States. Vaccine. (2024) 42:1899–905. doi: 10.1016/j.vaccine.2024.01.081 

 19. Boas, TC, Christenson, DP, and Glick, DM. Recruiting large online samples in the United States and India: Facebook, mechanical Turk, and Qualtrics. Polit Sci Res Methods. (2020) 8:232–50. doi: 10.1017/psrm.2018.28

 20. Callegaro, M, and DiSogra, C. Computing response metrics for online panels. Public Opin Q. (2009) 72:1008–32. doi: 10.1093/poq/nfn065 

 21. Stark, JH, McFadden, B, Patel, N, Kelly, PH, Gould, LH, and Riis, J. Intention to vaccinate for Lyme disease using the health belief model. Zoonoses Public Health. (2024) 71:349–58. doi: 10.1111/zph.13107 

 22. Gould, LH, Stark, JH, McFadden, B, Patel, N, Kelly, PH, and Riis, J. Using the health belief model to understand intention to vaccinate for Lyme disease in the United States. Zoonoses Public Health. (2024) 71:526–37. doi: 10.1111/zph.13142 

 23. R Core Team. R: A language and environment for statistical computing. Vienna, Austria: R Foundation for Statistical Computing (2022).

 24. Shafquat, M, Angulo, FJ, Pilz, A, Moïsi, JC, and Stark, JH. The incidence of Lyme Borreliosis among children. Pediatr Infect Dis J. (2023) 42:867–74. doi: 10.1097/inf.0000000000004040 

 25. Nesbitt, L, Meitner, MJ, Girling, C, Sheppard, SRJ, and Lu, Y. Who has access to urban vegetation? A spatial analysis of distributional green equity in 10 us cities. Landsc Urban Plan. (2019) 181:51–79. doi: 10.1016/j.landurbplan.2018.08.007

 26. Lu, PJ, Hung, MC, Srivastav, A, Grohskopf, LA, Kobayashi, M, Harris, AM , et al. Surveillance of vaccination coverage among adult populations -United States, 2018. MMWR Surveill Summ. (2021) 70:1–26. doi: 10.15585/mmwr.ss7003a1 

 27. Williams, WW, Lu, PJ, O’Halloran, A, Bridges, CB, Kim, DK, Pilishvili, T , et al. Vaccination coverage among adults, excluding influenza vaccination - United States, 2013. MMWR Morb Mortal Wkly Rep. (2015) 64:95–102.

 28. Na, L, Banks, S, and Wang, PP. Racial and ethnic disparities in Covid-19 vaccine uptake: a mediation framework. Vaccine. (2023) 41:2404–11. doi: 10.1016/j.vaccine.2023.02.079 

 29. Byrd, WM, and Clayton, LA. Race, medicine, and health Care in the United States: a historical survey. J Natl Med Assoc. (2001) 93:11s–34s.

 30. Lee, G, and Carr, W. Updated framework for development of evidence-based recommendations by the advisory committee on immunization practices. MMWR Morb Mortal Wkly Rep. (2018) 67:1271–2. doi: 10.15585/mmwr.mm6745a4 

 31. Nelson, CA, Starr, JA, Kugeler, KJ, and Mead, PS. Lyme disease in Hispanics, United States, 2000-2013. Emerg Infect Dis. (2016) 22:522–5. doi: 10.3201/eid2203.151273 

 32. Roth, WD. The multiple dimensions of race. Ethn Racial Stud. (2016) 39:1310–38. doi: 10.1080/01419870.2016.1140793


Copyright
 © 2025 Shafquat, Patel, McFadden, Stark and Gould. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-13-1473304-t005.jpg
Model Knowledge  Respondent Intercept  Race coefficient Residence State incidence  Race: neighboring Residence:
number  question (1-4 type (White REF) coefficient (Large (HighREF) interaction (White neighboring
scale) City REF) REF) interaction (Large
City REF)

Blackor  Other Suburb Small Neighboring Blackor  Other Suburb Small
AA city / city /
rural rural

-0.03 -008 -026% ~0.06 001 -007 000

1 How much do Adults 256 -029%

you know about
2 " Caregivers 2.80 —0.30* —0.32% —0.14 —0.03 =017 % —0.20 —0.01 —0.03 =0.11
Lyme disease? A

3 How common do Adults 247 =0.17 =0.05 0.02 0.19 ~0.40 % 035 0.15 —0.08
youthink Lyme

disease is in the

4 . Caregivers 265 -012 -003 -009 -013 ~041% 044% 021 -012 010
community where
youlive? A7
5 How serious a Adults 273 ~006 013 [ 019 -023 038* 024 —011
problem would
you say Lyme
6 Caregivers 288 000 012 ~005 -012 ~017 026 ~016 ~014 0.06

disease is in your

community? AAA

fot much of a problem, 3 = Somewhat serious problem, 4 = Very serious problem.

= Somewhat common, 3 = Common, 4 = Very Common; AAA1 = Not a problem atall, 2 =

“indicates p-value <0.05. A1 = None, 2 = A lttle, 3 = Some, 4 =
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Survey item High incidence jurisdictions Neighboring jurisdictions

Adults Caregivers Adults Caregivers

White Black White Black White Black White Black
(N=592) (N =119) (N = 571) (N = 114) (N = 567) (N =131) (N =520) (N =129)

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

How often do you/your child spend time outside in

Deep woods;

brush; un-mowed

Jield: or

marshland

Daily—Several 62 (10%) 8(7%) 105 (18%) 12(11%) 60 (11%) 12(9%) 101 (19%) 13 (10%)
“Times a Week

A Few Times a 196 (33%) 30 (25%) 230 (40%) 30 (26%) 133 (23%) 20 (15%) 166 (32%) 32(25%)
Month—Every

Few Months

Once or twice 334/(56%) 81 (68%) 236 (41%) 72(63%) 374 (66%) 99 (76%) 253 (49%) 84 (65%)
per year—Rarely
or Never

Wooded area
with trails;
mowed felds;
natural yard (e,
non-maintained
grass)
Daily—Several 96 (16%) 16 (13%) 163 (29%) 19 (17%) 81 (14%) 11 (8%) 133 (26%) 23 (18%)
“Times a Week

A Few Times a 241 (41%) 34(29%) 268 (47%) 30 (26%) 191 (34%) 35 (27%) 190 (37%) 30 (23%)
Month—Every

Few Months

Once or twice 255 (43%) 69 (58%) 140 (25%) 65 (57%) 295 (52%) 85 (65%) 197 (38%) 76 (59%)
per year—Rarely

or Never

Well-maintained

yard; park; * B b
playground

Daily—Several 346 (58%) 43 (36%) 414 (73%) 73 (64%) 284 (50%) 47 (36%) 329 (63%) 59 (46%)
‘Times a Week

A Few Timesa 186 (31%) 48 (40%) 132 (23%) 32(28%) 191 (34%) 40(31%) 138 (27%) 55 (43%)
Month—Every
Few Months

Once or twice 60 (10%) 28 (24%) 25 (4%) 9(8%) 92 (16%) 44 (34%) 53 (10%) 15 (12%)
per year—Rarely

or Never

Paved sidewalks;

roads; porches or * * .
patios

Daily—Several 484 (82%) 88 (74%) 476 (83%) 89 (78%) 439 (77%) 88 (67%) 402 (77%) 81 (63%)
“Times a Week

A Few Timesa 89 (15%) 17 (14%) 78 (14%) 20 (18%) 87(15%) 24(18%) 82(16%) 31(24%)
Month—Every

Few Months

Once or twice 19.(3%) 14.(12%) 17(3%) 5(4%) 41(7%) 19.(15%) 36 (7%) 17(13%)
per year—Rarely

or Never

Mean numberof 3.3 (1.0) 27034 36(08) 31007 31011 25013)7 33010) 29(L1)A
activities

performed (SD)

Please indicate if
your occupation

is primarily * *
indoor or outdoor

work

Not currently 261 (44%) 3227%) 101 (18%) 23 (20%) 255 (45%) 53 (40%) 149 29%) 207%)
employed

Primarily indoor | 284 (48%) 64 (54%) 380 (67%) 67 (59%) 262 (46%) 67(51%) 283 (54%) 83 (64%)
work

Primarily 47 (8%) 23 (19%) 90 (16%) 24 21%) 50 (9%) 11 (8%) 88 (17%) 24(19%)
outdoor work

(egn

construction,

landscaping,

forestry, land

surveying,

farming,

railroad /utlity

work)

Household hasa 216 (36%) 49 @41%) 376 (66%) 48 (42%) * 256 (45%) 38 (29%) * 356 (68%) 53 (41%) *
dog that goes

outside

Householdhasa 84 (14%) 11(9%) 160 (28%) 16(14%) * 105 (19%) 16(12%) 159 (31%) 27 (1% *
cat that goes

outside

“indicates Fisher’ exact test p-value <0.05, comparing White to Black. Aindicates Welch two sampl t-test p-value <0.05, comparing White to Black.
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Survey High incidence jurisdictions Neighboring jurisdictions
item

Adults Caregivers Adults Caregivers
White Black White Black White Black White Black
(N=592) (N=119) (N=571) (N=114) (N=567) (N=131) (N=520) (N =129)
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
How much do
you know about * * * *

Lyme disease?

None 36 (6%) 21 (18%) 16 (3%) 11 (10%) 79 (14%) 46 (35%) 31 (6%) 38(29%)
Alittle 280 (47%) 57 (48%) 211 (37%) 15 (39%) 305 (54%) 56 (43%) 255 (49%) 53 (41%)
Some 212(36%) 32(27%) 250 (44%) 52 (46%) 156 (28%) 24 (18%) 174 (33%) 33 (26%)
Alot 64 (11%) 9(8%) 94 (16%) 6(5%) 27 (5%) 5(4%) 60 (12%) 5(4%)
How common

do you think

Lyme discase is " . . R

in the

community

where you live?

Rare 133 (22%) 46 (39%) 105 (18%) 44 (39%) 263 (46%) 66 (50%) 210 (40%) 49 (38%)
Somewhat 188 (32%) 31(26%) 166 (29%) 20 (18%) 152 (27%) 24 (18%) 144 (28%) 26 (20%)
common

Common 128 (22%) 15 (13%) 171 (30%) 23 (20%) 56 (10%) 8(6%) 68 (13%) 19 (15%)
Very Common 87 (15%) 8(7%) 92(16%) 5 (4%) 20 (4%) 4(3%) 40 (%) 5(4%)
Do not know 56 (10%) 19 (16%) 37 (7%) 22(19%) 76 (13%) 29(22%) 58 (11%) 30 (23%)
How serious a

problem would

‘you say Lyme. . . . ‘
disease is in

your

community?

Nota problem 48 (8%) 20(17%) 40(7%) 15 (13%) 117 (21%) 32 (24%) 94 (18%) 21 (16%)
atall

Not much of a 207 (35%) 44 (37%) 183 (32%) 38 (33%) 244 (43%) 38(29%) 194 (37%) 40 (31%)
problem

Somewhat 198 (33%) 21 (18%) 231 (40%) 32(28%) 91 (16%) 15 (11%) 115 (22%) 25(19%)
serious problem

Very serious 60 (10%) 14 (12%) 7713%) 11(10%) 33(6%) 13 (10%) 63 (12%) 18 (14%)
problem

Do not know 79 (13%) 20 (17%) 40 (7%) 18 (16%) 82(14%) 33(25%) 54 (10%) 25(19%)

“indicates Fisher’s exact test p-value <0.05, comparing White to Black.
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OPS/images/fpubh-13-1473304-t001.jpg
Characteristic

Adults
White Black Other
(N=592) (N=119) (N=163)

n (%) n (%) n (%)
Sex
Male 267 (45%) 58 (49%) 69 (42%)
Female 320 (54%) 61(51%) 92 (56%)
Non-binary/Other 5(1%) 0(0%) 1(1%)
Prefer not to say 0.(0%) 0(0%) 101%)
Age of child
1-4 years old - - -
5-10 years old - - -

11-17 years old - - -

Age of respondent * *
18-24 years old 29 (5%) 17 (14%) 35(21%)
25-34 years old 88 (15%) 36 (30%) 43 (26%)
35-44 years old 83 (14%) 27 (23%) 37 (23%)
45-54 years old 94 (16%) 23 (19%) 20 (12%)
55-64 years old 92 (16%) 8(7%) 16 (10%)
65+ years old 206 (35%) 8(7%) 12(7%)
Education

Some high school or

s 92%) 0(0%) 101%)
High school diploma 320 (54%) 74 (62%) 78 (48%)
or GED

Bachelor’s degree or 263 (44%) 45 (38%) 83(51%)
more

Prefer not to say 0(0%) 0(0%) 1(1%)
Income * *
$0-40,000 141 (24%) 43 (36%) 59 (36%)
$40,001-100,000 282 (48%) 57 (48%) 58 (36%)
100,001 or more 146 (25%) 15 (13%) 38 (23%)
Prefer not to say 23 (4%) 4(3%) 8(5%)
Residence - N
Alarge city 98 (17%) 53 (45%) 59 (36%)
Asuburbnearalarge | 236 (10%) 42(35%) 60(37%)
city

A small city / rural 258 (44%) 24 (20%) 44 (27%)
area

“indicates Fisher’ exact test p-value <0.05, comparing White to Black or Other,

High incidence jurisdictions

White

(N = 571)

n (%)

302 (53%)
267 (47%)
1(0%)
1.(0%)

118 (21%)
163 (29%)
290 (51%)

14.(3%)
157 (27%)
90 (16%)
69 (12%)
213 (37%)

28 (5%)

5(1%)

280 (49%)

286 (50%)

0(0%)

104 (18%)

243 (43%)

218 (38%)
6(1%)

117 (20%)

231 (40%)

223 (39%)

Caregivers

Black

(N =114)

n (%)

61(54%)
53 (46%)
0(0%)
0(0%)

15 (13%)
41(36%)
58 (51%)
2(2%)
21 (18%)
37(32%)
19 (17%)
27 (24%)
8(7%)

2(2%)

76 (67%)

36 (32%)

0(0%)
27 (24%)
65 (57%)
22(19%)

0(0%)
43 (38%)

53 (46%)

18 (16%)

Other

(N =149)

n (%)
60 (40%)
86 (58%)

302%)

0(0%)
20 (13%)
58 (39%)
71(48%)

5(3%)
39 (26%)
59 (40%)
35(23%)

6(4%)

5(3%)

1(19%)

52 (35%)

95 (64%)

1(19%)

26 (17%)
63 (42%)
56 (38%)
4(3%)
44(30%)

79 (53%)

26 (17%)

White

(N = 567)

n (%)

299 (53%)
262 (46%)
1(0%)
5(1%)

43 (8%)
83 (15%)
110 (19%)
92 (16%)
81(14%)
158 (28%)

17 (3%)

371 (65%)

172 (30%)

7(1%)

227 (40%)

253 (45%)
62 (11%)
25 (4%)

101 (18%)
193 (34%)

273 (48%)

Adults

Black

(N =131)

n (%)
47 (36%)
84 (64%)
0.(0%)
0(0%)

17(13%)
33 (25%)
26 (20%)
16 (12%)
19 (15%)
20 (15%)

4(3%)

105 (80%)

22(17%)

0(0%)
80(61%)
4161%)
7(5%)
3
61 (47%)

27 (21%)

43 (33%)

Other

(N =189)

n (%)
75 (40%)
105 (56%)

4(2%)

5(3%)

48 (25%)
33.017%)
44 (23%)
32(17%)
17 9%)
15.(8%)

7 (4%)

126 (67%)

55 (29%)

1(1%)

78 (41%)
77 (41%)
21 (11%)
13(7%)
51(27%)

66 (35%)

72(38%)

Neighboring jurisdictions

White

(N =520)

n (%)

280 (54%)
235 (45%)
30%)
2(0%)

101 (19%)
153 (29%)
266 (51%)

13 (3%)
113 (22%)
128 (25%)
44 (9%)
171(33%)
51(10%)

20 (4%)

324 (62%)

175 (34%)

1(2%)

172 (33%)

243 (47%)
97 (19%)
8(2%)

103 (20%)

143 (28%)

274 (53%)

(N=

Caregivers

Black

)

59 (46%)
69 (53%)
1(1%)
0(0%)
38 (29%)
37 (29%)
54(42%)
14 (11%)
39 (30%)
30 (23%)
11(9%)
32 (25%)

3(2%)

3(2%)

93 (72%)

32(25%)

1(1%)

57 (44%)
51 (40%)
21(16%)
0(0%)
58 (45%)
31(24%)

40 (31%)

29)

Other

(N =173)

n (%)

56 (32%)
112 (65%)
1(1%)
4(2%)
59 (34%)
57 (33%)
57 (33%)
12(7%)
69 (40%)
48 (28%)
24 (14%)
17 (10%)
3(2%)

6(4%)

106 (61%)

57 (33%)

4(2%)

54 (31%)
82 (47%)
28 (16%)
9(5%)
58 (34%)

65 (38%)

50 (29%)
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Survey ltem High incidence jurisdictions

Adults Caregivers

White Black White Black
(N=592) (N=119) (N=571) (N=114)

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

Ifavaccine for Lyme

disease was available,

how likely would
you be to get it?

Very unlikely 2.(7%) 14(12%) 24.(4%) 10 (9%)
Unlikely 44 (7%) 10 (8%) 30 (5%) 8(7%)
Neither likely nor 157 (27%) 33 (28%) 89 (16%) 27 (24%)
unlikely

Likely 198 (33%) 43 (36%) 257 (45%) 37 (32%)
Very likely 151 (26%) 19 (16%) 171 (30%) 32(28%)
If your healthcare

provider recommended

that you get vaccinated
for Lyme disease, how *
ikely is it that

you would get

vaccinated?

Very unlikely 31(5%) 11(9%) 21 (4%) 9(8%)
Unlikely 36 (6%) 9(8%) 22(4%) 6(5%)
Neither likely nor 97 (16%) 21 (18%) 72 (13%) 13.(11%)
unlikely

Likely 190 (32%) 49 (41%) 218 (38%) 45 (39%)
Very likely 238 (40%) 29(24%) 238 (42%) 41 (36%)
Disagree with: I feel safe 51(9%) 17 (14%) 47(8%) 98%)
after being vaccinated

Disagree with: I feel 46(8%) 17(14%) * 46(3%) 8(7%)
protected after getting

vaccinated

Agree with: Although 399 (67%) 83 (70%) 391 (68%) 77 (68%)

‘most vaccines appear to
be safe, there may

be problems that

we have not yet

discovered.

Agree with: Vaccines can 239 (40%) 56 (47%) 293 (51%) 52 (46%)
cause unforeseen

problems in children.

Agree with: Vaccination 79 (13%) 29 (24%) * 115 (20%) 24 (21%)
programs are a big con.

Agree with: Authorities 128 (22%) 35(29%) 146 (26%) 30 (26%)
promote vaccination for

financial gain, not for

people’s health

“indicates Fisher’ exact test p-value <0.05, comparing White to Black.

Neighboring jurisdictions

Adults

White
(N = 567)

n (%)

83 (15%)
108 (19%)
161 (28%)

166 (29%)
49 (9%)

60 (11%)
72(13%)

113 (20%)

208 37%)
114 (20%)

96 (17%)

102 (18%)

399 (70%)

277 (49%)

114(20%)

162 (29%)

Black
(N =131)

n (%)

25 (19%)
18 (14%)
28(21%)

37 (28%)

23 (18%)

18 (14%)
15 (11%)

17 (13%)

47(36%)
34(26%)
21(16%)

19(15%)

85 (65%)

62 (47%)

40 (31%) *

38 (29%)

Caregivers

White
(N =520)

n (%)

48 (9%)
54 (10%)
115 (22%)

201 (39%)
102 (20%)

34(7%)
43 (3%)
80 (15%)

211 (41%)
152 (29%)

74 (14%)

76 (15%)

371(71%)

270 (52%)

131 (25%)

175 (34%)

Black
(N =129)

n (%)

12(9%)
10 (8%)
44 (34%)

40 (31%)
23 (18%)

12(9%)
15 (12%)

24(19%)

50 (39%)
28 (22%)
16 (12%)

15 (12%)

80/(62%) *

65 (50%)

42(33%)

49 (38%)
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