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In this third and final report of the Tick-Borne 

Disease Working Group, the committee applauds 

the progress that has been made during the past 

six years but recognizes the challenges that 

remain. The Working Group identified possible 

paths toward achieving its vision of “a nation free 

of tick-borne diseases where new infections are 

prevented and patients have access to affordable 

care that restores health.”

This report is divided into chapters that are 

similar to those of the prior Working Group 

reports, including Introduction and Background; 

Public Comments; Access to Care and Education; 

Changing Dynamics of Tick Ecology; Personal 

Protection, and Control; Clinical Presentation and 

Pathogenesis; Diagnostics; Disease Prevention 

and Treatment; Conclusion and Looking 

Forward. These chapters, written by Working 

Group members, were informed by the work of 

expert subcommittees that explored each topic 

and identified priority issues for Working Group 

consideration. The priority issues guided  

the formulation of the Working Group’s 

recommendations to Congress for the federal 

response to combatting tick-borne diseases  

and associated illnesses. 

Although the substance of each recommendation 

centers on its associated topic area, several 

common themes emerged and are shared  

across this report. First, multiple subcommittees 

highlighted that federally organized programs 

have been the best means for making progress in 

their topic areas—underscoring the breadth and 

diversity of the diseases caused by ticks. They 

identified key areas requiring additional action, 

including disease and tick surveillance, 

biorepositories for specimens from patients with 

tick-borne diseases that would speed discovery, 

and national databases that collate information 

from multiple sources. These areas extend 

beyond the scope of individual researchers, 

companies, or academic institutions and would 

benefit from the capacities of federal government 

agencies, such as the National Institutes of  

Health and the Centers for Disease Control and 

Prevention, to organize them. The commitment  

of national-level resources in these areas would 

accelerate recognition of new threats, development 

of new diagnostics and treatments, and 

identification of the pathogenesis of disease.

Second, several subcommittees cited increased 

government intervention in the development  

of diagnostics and treatment protocols as 

detrimental to transforming the tick-borne 

disease landscape. The subcommittee members 

believed that progress has been impeded by a 

heavy regulatory burden and low likelihood of 

profitability, which discourage the private-sector 

investments needed to catalyze the entry of new 

products into the market. This type of market 

investment is not a novel approach to solving 

complex public health issues, as evidenced by 

the mission of federal entities such the Biomedical 

Advanced Research and Development Authority 

(BARDA) to “develop and procure needed 

medical countermeasures, including vaccines, 

therapeutics, diagnostics, and non-pharmaceutical 

countermeasures, against a broad array of  

public health threats.” In fact, this approach  

to accelerating high-risk, high-reward research  

Executive Summary
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to drive biomedical and health breakthroughs has 

been expanded by the U.S. Department of Health 

and Human Services with the establishment of the 

Advanced Research Project Agency for Health 

(ARPA-H) in 2022. The deficiencies identified in 

the tick-borne disease diagnostics  

and therapeutics discovery pipelines align with 

the defined mission of BARDA and the future role 

of ARPA-H. Development of a tick-borne disease 

portfolio in either entity would likely improve 

coordination across agencies and accelerate 

progress toward improving patient care.

Third, a new major theme identified by multiple 

subcommittees is the prioritization of health 

equity for sufferers of tick-borne diseases and 

associated illnesses. Recent advances in the care  

of at-risk patients include improved access to 

telemedicine in areas where health care providers 

lack expertise in tick-borne diseases and associated 

illnesses; better understanding of the clinical 

presentation of tick-borne diseases, particularly in 

populations that are commonly under-evaluated 

such as prisoners, individuals in psychiatric 

facilities, and migrant workers; establishment  

of safety standards for individuals in high-risk 

occupations; and labeling of food, medical, and 

commercial products to protect patients with 

Alpha-gal Syndrome. 

Fourth and finally, within each area, the Working 

Group and its subcommittees identified 

understudied areas that would benefit from 

targeted funding opportunities. Many of these 

areas were identified in prior Working Group 

reports and are highlighted here again as  

lacking significant progress. These areas include 

development of tick control and preventative 

agents against tick bites; improved diagnostics 

for multiple diseases; vaccines; treatments for 

tick-borne viruses and persistent symptoms of 

Lyme disease; and additional studies of central 

nervous system and psychiatric manifestations  

of tick-borne illnesses, effects on pregnancy, and 

development of post-tick bite allergies to alpha 

galactosidase.

Although much has been accomplished since  

the first Report to Congress in 2018, the Working 

Group recognizes that much remains to be done. 

This report highlights the important goals still  

to be accomplished and the way forward to 

reduce the impact of tick-borne diseases in the  

United States.
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Recommendations at a Glance

Chapter 3: Access to Care and Education 

 Recommendation 3.1: Provide funding for the U.S. Department of Health and Human 
Services to sponsor the National Academy of Medicine (NAM) within the National Academies of 
Sciences, Engineering, and Medicine to conduct an objective, comprehensive review of the basic 
science and clinical evidence for diagnosis and treatment of Lyme disease, with emphasis on 
acute and Persistent Lyme Disease/Chronic Lyme Disease (PLD/CLD). The purpose for conducting 
an objective review would be to establish what is definitely known, what is partially understood, 
and what remains unknown about Lyme disease. The review mechanism shall be transparent and 
include public stakeholders and patient representatives, experts in trial design and execution, as 
well as a diversity of experts who represent the full spectrum of scientific perspectives on Lyme 
disease. The expert panel will produce a comprehensive public report, which will be used to 
inform federal and state initiatives. 

 Recommendation 3.2: Upon activation of Recommendation 8.1 of the Tick-Borne Disease 
Working Group 2022 Report to Congress outlining implementation of Working Group priorities, 
the first recommendations to be discussed for updates and public input are Recommendations 
7.1 and 7.2 from the Tick-Borne Disease Working Group 2020 Report to Congress that address 
educational materials and web content. Emphasis should be placed on receiving input via 
meaningful engagement with stakeholders on how these recommendations have been 
implemented to date across HHS operating divisions and how well they reflect the current  
state of the science.

 Recommendation 3.3: Fund and support continued and ongoing modification of the 
federal government websites, starting with the CDC and NIH websites, as well as educational 
materials and seminars for clinicians, the public, and public health departments to reflect the 
current state of the science related to Persistent Lyme Disease/Chronic Lyme Disease (PLD/CLD), 
which is limited, emerging, and unsettled, and to acknowledge that there are divergent views on 
diagnosis and treatment of patients with PLD/CLD.

 Recommendation 3.4: Provide the HHS Secretary with discretionary authority to maintain 
telehealth flexibilities independent of Public Health Emergency declaration for patients with tick-
associated illnesses in order to ensure access, parity, and equity for those receiving in-person and 
telehealth services.
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 Recommendation 3.5: Fund, support, and encourage community-based participatory 
research programs for Persistent Lyme Disease/Chronic Lyme Disease (PLD/CLD) and complex 
presentations of late Lyme disease and other tick bite-associated illnesses. This includes the 
development and growth of community research capacity to accelerate the fundamental 
knowledge base using “big data” registries, data-sharing platforms, specimen and tissue sample 
repositories, and genomic and precision medicine approaches that reflect the underlying 
heterogeneous nature of tick-borne diseases and associated illnesses.  

Chapter 4: Changing Dynamics of Tick Ecology, Personal Protection, and Control

 Recommendation 4.1: Increase funding for research on tick ecology towards more effective 
tick and tick-borne disease surveillance and tick control. Tick ecology is an important part of the 
One Health concept that also includes people and companion animals.

 Recommendation 4.2: Increase funding to develop, evaluate, and deploy tick bite prevention 
and tick control approaches and strategies. Minimize roadblocks and streamline the regulatory 
process for getting new tick bite prevention and tick control products to market.

 Recommendation 4.3: Increase adoption and expand knowledge of tick bite prevention 
and tick control methods across all affected groups, including implementation of occupational 
standards for employees at high risk of tick-associated illnesses.

Chapter 5: Clinical Presentation and Pathogenesis

 Recommendation 5.1: Support additional research on the mechanisms of pathogenesis 
of tick-borne disease, with a particular focus on central nervous system infection (including 
neuropsychiatric illness and neuropathic injury), persistent symptoms, allergy (Alpha-gal 
Syndrome), immunity, autoimmunity, pregnancy, and adverse fetal outcomes.

 Recommendation 5.2: Provide funding to support research investigating the prevalence of 
undetected tick-borne illness among subgroups of the population who may have multi-systemic 
chronic conditions (e.g., mental illness, musculoskeletal diseases, etc.) and who have been 
inadequately medically evaluated, including individuals in psychiatric facilities, prisons, homeless 
shelters, and other populations experiencing health disparities or disabilities.

 Recommendation 5.3: Require labeling of foods, products, beverages (including alcohol), 
cosmetics, and pharmaceuticals that contain non-primate mammalian ingredients (active 
or inactive) and update the FDA’s Food Safety Modernization Act to incorporate Alpha-gal 
Syndrome (AGS) awareness training into the FDA’s “Retail Food Industry/Regulatory Assistance 
and Training” Program.
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 Recommendation 5.4: Provide funding for studies, particularly prospective studies, that 
evaluate clinical similarities, mechanisms of pathogenesis, and common etiologies for long 
COVID and other infection-associated chronic illnesses, with tick-associated chronic illness  
and/or persistent symptoms associated with tick-borne diseases.

 Recommendation 5.5: Develop and maintain comprehensive biospecimen repositories 
(e.g., whole blood, sera, cerebrospinal fluid, maternal and fetal tissues and fluids, and autopsy 
specimens) for use in developing and/or improving diagnostic assays, both direct and indirect, 
and for research into transmission and pathogenesis, for broad applications including early 
diagnosis, distinction of current versus past infection, and for use in pregnancy and fetal 
outcome applications. 

Chapter 6: Diagnostics

 Recommendation 6.1: Convene a panel of stakeholders and experts in tick-borne disease 
diagnostics, including but not limited to researchers, government, investors, small businesses, 
large clinical labs, patient advocates, and diagnostics companies, with the goal of promoting the 
evaluation and development of current and promising new diagnostic approaches.  

 Recommendation 6.2: Recommend increases in federal funding (CDC or NIH) to: (1) build 
a national biorepository of human clinical specimens for tick-borne disease supported by a 
national network of qualified labs and physician clinics; and (2) build a clinical and translational 
research program involving a network of clinical and academic centers.  

 Recommendation 6.3: Provide federal support for tick-borne-disease diagnostics 
through an innovation pipeline with direct Congressional appropriations for a tick-borne-
disease innovation accelerator and system that provides targeted funding opportunities, 
use authorization, lab-to-market commercialization, and implementation via relevant federal 
agencies. 

Chapter 7: Disease Prevention and Treatment

 Recommendation 7.1: Improve the quality, timeliness, and completeness of surveillance 
and reporting of tick-borne diseases nationwide. The resulting information should be used to 
educate health care providers and the public to prevent, diagnose, and treat tick-borne diseases.  

 Recommendation 7.2: Increase funding to develop multi-pathogen vaccines, “anti-tick” 
vaccines, and new prevention strategies to provide broad protection against different tick-borne 
pathogens. Research on stand-alone Lyme disease vaccines should look for alternatives to 
human OspA-based vaccine approaches. 
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 Recommendation 7.3: Accelerate discovery, preclinical and clinical development of 
effective treatments for tick-borne diseases. Increase funding for research into understudied 
areas of treatment for tick-borne diseases, including but not limited to pediatric neuropsychiatric 
illnesses, pregnancy outcomes in infected women, and in all age groups, persistent post-
treatment symptoms with emphasis on Lyme disease.

Chapter 8: Conclusion and Looking Forward

 Recommendation 8.1: Request that following sunset of the Tick-Borne Disease Working 
Group, HHS’s Office of the Assistant Secretary for Health (OASH) convene regular virtual public 
co-creation or collaboration workshops and technical consultations, in concert with relevant HHS 
operating divisions (CDC, FDA, NIH, and CMS) and with other relevant federal departments to 
share updates and receive input on progress made towards implementing federal advisory 
committee (FAC) recommendations from the three reports to Congress. The recommendations 
should be tracked back to the Goals, Strategies, and Objectives of the anticipated national public 
health strategy for the prevention and control of vector-borne diseases in humans, of which HHS/
OASH is currently leading the development, to ensure progress is made on recommendations, as 
resources allow. Through these regularly convened public engagement sessions, public input 
should be collected and an open dialogue should be supported to ensure continued, meaningful 
engagement with the tickborne disease community (including patients, advocates, scientists, 
clinicians, and educators).
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Current State of Tick-Borne Diseases 
in the United States 
Each year in the United States, hundreds of thousands 

of people fall ill from the bite of a tick. Diseases such 

as Lyme disease, ehrlichiosis, and anaplasmosis 

cause significant morbidity, and each year deaths are 

officially reported, primarily from Rocky Mountain 

spotted fever and Powassan virus encephalitis. 

Reported cases of tick-borne diseases are increasing 

in the United States. In 2019, the most recent year for 

which national surveillance data are available, more 

than 50,000 cases were reported for the tick-borne 

diseases with the five highest incidence (CDC, 2021g) 

(Figure 1). Furthermore, reported cases significantly 

under-represent the total numbers of infections. For 

example, with Lyme disease, recent studies based 

on insurance claims data estimate that more than 

476,000 cases are diagnosed and treated each year in 

the United States (Kugeler et al., 2021), compared to a 

previous similarly derived estimate of around 300,000 

cases (Hinckley et al., 2014; Nelson et al., 2015). 

Under-reporting rates of similar magnitudes have 

been documented for anaplasmosis and ehrlichiosis 

(Dixon et al., 2021). 

Chapter 1
Introduction and Background

Figure 1. Reported cases of the most common tick-borne diseases in the United States.
Source: CDC, 2021g.
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During the past 20 years, reported cases of tick-

borne diseases have more than doubled, and 

during the past 25 years, the number of counties 

where the key vector species—the blacklegged tick 

Ixodes scapularis—is now established has also more 

than doubled (Beard et al., 2019). The lone star tick 

(Amblyomma americanum), once limited largely to 

the southern United States, can now be found in 

New England. Corresponding with the geographic 

expansion of this tick species, increasingly more cases 

of Alpha-gal (galactose-α-1,3-galactose) Syndrome 

are being documented (Binder et al., 2021). 

Figure 2A. County-level distribution of pathogens in ticks.

(A) B. burgdorferi s.s. and B. mayonii, (B) B. miyamotoi, and (C) A. phagocytophilum (strain not differentiated), in host-
seeking I. scapularis (eastern United States) or I. pacificus (western United States), relative to the previously reported 
distribution of these vector species. Ticks were considered present in a county if at least one tick was recorded. Counties 
where ticks have been reported without records of infection may be reported as such either if ticks were not tested or if the 
pathogen was not detected in tested samples.

Source: CDC, 2021g. Data are continuously updated and available on CDC’s Tick Surveillance page.

https://www.cdc.gov/ticks/surveillance/index.html
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Finally, as tick populations expand and expose 

greater numbers of people to the bites of infected 

ticks, new tick-borne pathogens are being recognized 

as the cause of illness in humans. These causes 

include a range of bacterial and viral pathogens, 

such as Heartland virus, which has resulted in 

severe human infections including death, across 

the central region of the United States (Brault et 

al., 2018) (Figure 2A and Figure 2B). Tick-borne 

diseases and associated illnesses represent a public 

health emergency for which greater government 

investments for surveillance and for research into 

more effective tools for prevention, control, and 

treatment are urgently needed.  

Figure 2B. County-level distribution of pathogens in ticks. 

Reported county-level distribution of (D) Ehrlichia muris eauclairensis, (E) Babesia microti, and (F) Powassan virus in host-
seeking Ixodes scapularis (eastern United States) or Ixodes pacificus (western United States), relative to the previously 
reported distribution of these vector species. Ticks were considered present in a county if at least one tick was recorded. 
Counties where ticks have been reported without records of infection may be reported as such either if ticks were not tested 
or if the pathogen was not detected in tested samples. 

Source: CDC, 2021g. Data are continuously updated and available on CDC’s Tick Surveillance page.

https://www.cdc.gov/ticks/surveillance/index.html


Federal Response to Prior Working 
Group Recommendations 
Since its inception in 2016, the Tick-Borne Disease 

Working Group has collected input from an array of 

experts and stakeholders with the goals of outlining 

the status of tick-borne disease research and activities 

in the United States and identifying areas of need. 

The Working Group’s first two Reports to Congress, 

published in 2018 and 2020, contained a total of 

55 recommendations. These recommendations 

prompted or supported several important federal 

actions, beginning with the passage of the Kay Hagan 

Tick Act in 2019 (S.1657, 116th Congress, 2019-2020), 

which authorized the appropriation of $10 million 

annually for fiscal years (FYs) 2021 through 2026. 

From FY 2018 to FY 2021, funding to the National 

Institutes of Health (NIH) for tick-borne disease 

activities increased by $36.4 million, the Centers for 

Disease Control and Prevention (CDC) by $9.3 million, 

and the Department of Defense by $3.1 million (OIDP, 

2022).

Other recent federal efforts include the publication  

of a Strategic Plan for Tick-Borne Disease Research by 

NIH (2019) and the launch of the U.S. Department of 

Health and Human Services (HHS) LymeX Innovation 

Accelerator, a public-private partnership with the 

Steven & Alexandra Cohen Foundation. In addition, 

CDC initiated its National Tick Surveillance Program 

and worked cooperatively with five federal 

departments and the Environmental Protection 

Agency to develop the National Public Health 

Framework for the Prevention and Control of Vector-

Borne Diseases in Humans (2020). CDC also published 

a variety of resources related to tick-borne diseases 

and associated illnesses, including continuing 

education modules for providers and educational 

materials for both providers and the public. (See The 

2022 National Inventory of Tick-Borne Diseases and 

Associated Illnesses for a more detailed accounting of 

federal funding and activities for tick-borne diseases 

and associated illnesses since FY 2018.)

“Rhi-
sa Parera

Sen. Kay Hagan
The late U.S. Senator Kay Hagan of North 
Carolina was a noted politician, banking 
executive, and mother. Hagan served 
in the U.S. Senate between 2009 and 
2015 and previously served for more 
than a decade in the North Carolina 
State Senate. Her passing at age 66 after 
a three-year battle with encephalitis 
caused by Powassan virus disease raised 
awareness of this rare virus and the 
consequence of tick-borne disease. Her 
passing inspired the passage of the Kay 
Hagan TICK Act, which authorized the 
continuation of CDC’s Regional Centers 
for Excellence in Vector-Borne Diseases 
for another five years, authorized 
additional funding to CDC to support the 
Epidemiology and Laboratory Capacity 
cooperative agreement, and authorized 
HHS to develop and implement a 
national strategy to address vector-borne 
diseases, including tick-borne diseases.

10

https://www.niaid.nih.gov/sites/default/files/NIH-Strategic-Plan-Tickborne-Disease-Research-2019.pdf
https://www.hhs.gov/sites/default/files/tick-borne-national-inventory-2022.pdf
https://www.hhs.gov/sites/default/files/tick-borne-national-inventory-2022.pdf
https://www.hhs.gov/sites/default/files/tick-borne-national-inventory-2022.pdf
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The Working Group acknowledges the significance of 

these activities and urges continued investment in 

their perpetuation. However, many recommendations 

have yet to receive a federal response. For example, 

Recommendation 7.5 from the 2020 Report to 

Congress asked for the protection of consumers with 

Alpha-gal Syndrome, a life-threatening allergy to 

food, medications, and other products containing 

ingredients derived from mammals, by labeling these 

products clearly (Tick-Borne Disease Working Group, 

2020). This third Report to Congress highlights issues 

that still require attention and identifies new areas in 

need of federal funding and resources.

New Challenges and Opportunities
In addition to the issues identified in the 2018 and 

2022 Reports to Congress, the past several years 

have brought to the fore new areas for consideration, 

including health equity and the similarities between 

symptoms due to long COVID and those due to Lyme 

disease–associated chronic illness.

Health Equity

Health equity is a complex term, and although many 

definitions exist, the Robert Wood Johnson 

Foundation definition is both comprehensive  

and clear: 

“Health equity means that everyone has a fair and 

just opportunity to be as healthy as possible. This 

requires removing obstacles to health such as 

poverty, discrimination, and their consequences, 

including powerlessness and lack of access to 

good jobs with fair pay, quality education and 

housing, safe environments, and health care.” 

(Braveman et al., 2017)

Health disparities—that is, differences in access to 

care, longevity, rates of disease, disease severity, 

disability, quality of life, and death (CDC, 2020a)—are 

the result of structural and societal determinants of 

health inequity (Solar & Irwin, 2010). Although health 

inequities are often associated with race, ethnicity, or 

sexual orientation, they also arise in the context of 

specific marginalized or stigmatized medical 

conditions such as mental health conditions, HIV/AIDS, 

substance use disorders, sexually transmitted 

infections, and tick-borne diseases and associated 

illnesses.  

Issues of health equity and disparity are underscored 

throughout this report. However, simply identifying 

the inequities encountered by a group is not sufficient; 

efforts to eliminate these inequities should be 

concerted and sustained, and progress should be 

measured through the metric of health disparities 

(Braveman, 2014). The Working Group employed  

an intentional approach to ensure that the 

recommendations in this report address these  

issues in meaningful ways.  

COVID-19 

Many patients who have experienced a SARS CoV-2 

infection report persistent symptoms that are highly 

debilitating and of unclear etiopathogenesis, a 

condition referred to as long COVID. These symptoms 

include fatigue, post-exertional malaise, and cognitive 

impairment. Long COVID is generally believed to be 

caused by either long-term damage to tissues (e.g., 

lung, brain, and heart) or pathological inflammation 

from viral persistence, immune dysregulation, or 

autoimmunity (Yong, 2021). The most common 

persisting symptoms in long COVID are also 

frequently reported in patients diagnosed with  

Lyme disease and other tick-borne illnesses. Given 

this array of overlapping symptoms, studies that 

examine the clinical similarities and etiopathogeneses 

for long COVID and other infection-associated chronic 

illness may provide insights into improved clinical 

management of patients experiencing tick bite–

associated chronic illness. Current interest in long 

COVID provides a unique opportunity to leverage 

both new knowledge and research opportunities to 

advance understanding of tick bite–associated 

chronic illness.  

Conclusion
The eventual control of tick-borne diseases and 

associated illnesses and improvements in care will 

require a sustained effort from multiple stakeholders 

including governmental agencies, researchers in 
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academia, industry and the community, health care 

workers, educators, and patients, including those 

from at-risk populations. In this report, the Tick-Borne 

Disease Working Group presents what it considers to 

be the key priorities for controlling tick-borne 

diseases and associated illnesses and improving  

the care and quality of life for affected individuals.
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Chapter 2
Public Comments

A critical element of Report to Congress development 

was the incorporation of public commentary into the 

recommendations and subcommittee reports of  

the Tick-Borne Disease Working Group. Public 

commentary was received through emails delivered 

to tickbornedisease@hhs.gov, written comments 

submitted for each public meeting and published on 

the Working Group webpage, and verbal comments 

delivered at such meetings. Public commenters 

raised a multitude of issues and included patients, 

family members, and caregivers; advocacy groups; 

clinicians; researchers; health officials; and 

representatives of professional organizations. The 

Office of Infectious Disease and HIV/AIDS Policy, with 

the direction and input from members 

of the Working Group’s Public 

Comments Subcommittee, 

conducted a brief analysis 

of the emails received 

since the inception of 

the federal advisory 

committee (FAC) (i.e., 

the Working Group).

Methods
Public comments were 

routinely distributed to 

Working Group members 

throughout the drafting of 

their subcommittee reports 

and the Report to Congress. The 

emails and comments were collated and 

counted with duplicates removed. The files were 

uploaded to a qualitative analysis software 

application, NVivo 12.0 Plus (QSR International), for 

coding and analysis (Wong, 2008). A pre-determined 

set of thematic and case codes were applied by one 

coder. The codebook was updated throughout the 

analysis process as themes and cases emerged in the 

content. Microsoft Excel Version 2018 was used to 

augment the reports created by NVivo. 

Demographics
The analysis spanned a total of 2,082 written 

comments received during the Working Group’s 

six-year tenure. Of those, 1,535 were classified as 

email and 547 were written comments submitted 

for public meetings. Of the 1,535 emails, 

734 (48%) were submitted during the 

first cycle, from 2017 to 2018; 501 

(33%) during the second cycle, 

from 2019 to 2020; and 300 

(20%) during the third and  

final cycle, from 2021 to 

2022. Of the 547 written 

comments, 194 (35%)  

were submitted during the 

first cycle, 247 (45%) during 

the second cycle, and 106 

(19%) during the third cycle.1

A significant portion of the 

emails (greater than 98 percent) 

were uniquely written messages to the 

Working Group describing a personal story 

or the impact of tick-borne disease, requesting 

1Percentages were rounded and may not equal 100 percent.

mailto:tickbornedisease%40hhs.gov?subject=
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resources, or commenting on the function of the 

Working Group.

A limited number of commenters were granted 

three minutes to speak at each of the Working 

Group’s public meetings. Approximately 230 verbal 

comments were received by this means (Figure 3). 

Verbal commentary was excluded from this analysis.

Commenter Content by Illness
A significant portion of comments addressed Lyme 

disease (borreliosis), followed by tick-borne disease 

generally and Alpha-gal Syndrome (AGS) (Figure 4). 

Many, if not most comments, addressed more than 

one condition and the compounding impact of co-

infections. Figure 3. Type of commentary directed to the 
Tick-Borne Disease Working Group.

Figure 4. Commenter content by illness.

Note: Other includes Heartland, Bourbon, and Powassan viruses, STARI, and tularemia.

Dominant Themes
Themes (or topics) are concerns and sentiments that 

were repeatedly raised by the commenters. A 

codebook was populated with known themes from 

the current and previous Working Groups’ papers, 

meetings, and discussions and then supplemented  

as new themes emerged during this public comment 

analysis process. The public comments were 

iteratively analyzed to ensure universal application  

of the final codebook. Figure 5 depicts the themes 

(topics) that were identified during this exercise, 

grouped into seven major categories: Challenges, 

Epidemiology, Ethics, FAC Business, Morbidities, 

Patient Experience, and Resources.  

 

Verbal 
10%
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Figure 5. Coding themes/topics used to organize themes.

The following themes were expressed most frequently 

and by a wide variety of commenters: Need for 

Clinical Education, Feeling of Being Disregarded, 

Frustration with the Use and Application of Diagnostic 

Criteria, Clinical Reliance Upon Geographic Endemicity, 

Personal Sacrifice and Loss, Mental Health, Ethical 

Lapses or Mishandling by Governmental Entities,  

and Vaccines. These dominant themes are explored 

further in the following sections.

Need for Clinical Education

The need for more clinical education on tick-borne 

diseases and associated illnesses was consistently 

raised in public commentary. One commenter, Kristi 

Honaker, described her experience with AGS: 

My doctors don’t know what medicines are safe, 

nor do they really care. They have never heard 

of my allergy so they think I am exaggerating. 

Pharmacists can’t check to see if my allergens are 

in the medicines that I am prescribed. Dentists 

don’t know how to treat someone with my allergy. 

Many medical professionals cannot be bothered 

to learn from their patient, whether or not that 

patient has extensive knowledge on the subject. 

The list goes on forever. The medical community 

needs to be educated on how to deal with this 

allergy, especially since it is spreading so rapidly.

Other commenters reported similar experiences. 

They emphasized the lack of knowledge among 

providers, the frustration of having to explain their 

illness many times during a single medical visit, the 

confusion over diagnostic criteria, and the improper 

use of criteria for certain tests for tick-borne disease, 

among others. In general, commenters noted that 

clinicians often

• think of tick-borne diseases or illnesses as rare; 

•  believe it is impossible to become infected in areas 

considered to be low incidence; 

•  express skepticism when patients suspect tick-

borne diseases or ask to be tested for them;

•  are unaware of the existence of certain tick-borne 

illnesses (particularly AGS); and

•  lack current knowledge of diagnosis or management 

of tick-borne diseases and associated illnesses.
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The themes of misdiagnosis and delayed diagnosis 

also arose frequently in public comments, which 

further underscores the need for more clinical 

education.

Feeling of Being Disregarded

Another consistent and dominant theme is the 

feeling of being disregarded by clinicians and others 

involved in patient care. Commenters described 

being dismissed by providers, being accused of 

lying, or being told that their signs or symptoms 

were imagined or unrelated to a tick-borne illness. 

This disregard often led to delays in diagnosis 

or treatment and in some cases caused anxiety, 

frustration, or distress. These dismissive attitudes 

prevented some patients from seeking additional 

care for fear of further dismissal.

Commenters noted that they also experienced 

feelings of disregard when explaining their illness 

to friends, family, and employers. In one example, 

Anonymous states, “I have had Alpha-gal and Lyme 

disease for 7 years now. I suppose I will live the rest 

of my life being sick and receiving inadequate care, 

mainly because the doctors say that Alpha-gal is so 

rare, they have never seen a case and because no 

doctor takes Lyme seriously. They just don’t believe 

me, either about AG or Lyme. They say it is not 

possible.” Some commenters described being told 

that “There is no such thing” or “You’re wrong,” and 

others reported being referred to mental health care 

providers. 

Frustration with the Use and Application of 
Diagnostic Criteria

Commenters expressed consternation and frustration 

about the seemingly arbitrary application of tick-

borne disease diagnostic criteria. Specifically, 

they described situations in which clinicians had 

disregarded known signs and symptoms of tick-borne 

diseases. Jennifer Burton noted: “Most of us who 

have been bitten by any tick and end up with a large 

welt, rashes, fevers, fatigue, flu-like symptoms or even 

the classic ‘bullseye rash’ and seek medical attention 

are either discounted completely, told tick diseases 

are rare or are not given the proper dosage of the 

recommended protocol for a long enough period of 

time to stop further illness.”

Other commenters mentioned that clinicians did not 

adequately explain the criteria they used to arrive at 

their conclusions, or that different interpretations of 

diagnostic tests exist. Some noted that this issue was 

akin to lack of informed consent and that clinicians 

should explain their approach to diagnosis and the 

evidence used to decide on a patient’s care plan.

Some commenters highlighted that clinicians 

often consider the erythema migrans (EM) rash, 

or “bull’s-eye,” as a requisite for the diagnosis of 

Lyme disease. One commenter stated: “The clinical 

diagnostic criteria for Lyme disease are too stringent, 

with only objective signs of the disease, such as 

an erythema migrans rash, arthritis, meningitis, or 

carditis, considered relevant.” The reliance on the 

EM rash for the diagnosis of Lyme disease can lead 

some clinicians to dismiss other non-EM rashes. 

One commenter wrote: “I was bit by a deer tick in 

2006. I recall removing it and recognized it to be a 

deer tick versus the dozens of wood ticks I’d pulled 

out of me growing up in the woods of northwest 

Wisconsin. I don’t remember getting a classic bull’s-

eye rash, although the bite was behind by left knee so 

I could have missed it. It wasn’t tested, and although 

I mentioned it to my doctor, no testing or follow up 

was done.” Many other commenters described their 

clinicians’ refusal to investigate potential tick-borne 

infections or diseases because of the absence of an 

EM rash. 

Lastly, commenters noted the inappropriate use of 

the surveillance case definition in a clinical setting. 

Jill Auerbach summarized this sentiment: “The 

surveillance case definition is used like the Bible by 

healthcare workers causing so many unnecessary 

horrid results.”
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Clinical Reliance Upon Geographic 
Endemicity

Many commenters raised the issue of the geographic 

spread of tick-borne diseases and associated illnesses. 

Some expressed fear about the incidence of tick-

borne disease in their region or worry that further 

geographic spread may put more people at risk of 

contracting a tick-borne disease. 

In general, commenters expressed frustration about 

clinicians’ reliance on geographic endemicity in the 

diagnosis of tick-borne diseases and associated 

illnesses (Figure 6). Some commenters noted that 

they were exposed to ticks in other regions of the 

country or traveled or moved since initial exposure. 

These comments further underscore the need for 

enhanced clinician education.

Separately, commenters expressed frustration with 

currently available surveillance data and how they are 

presented. Many stated that the surveillance maps 

presented by the federal government create the 

false impression that ticks carrying human disease 

do not exist in areas of low incidence. Others claim 

that the current surveillance data are out of date and 

inconsistent with scientific literature. 

Finally, commenters noted that although the spread 

of Lyme disease is receiving more attention and 

resources, other tick-borne diseases and associated 

illnesses, such as AGS, remain poorly understood. 

Some commenters requested the investment of 

additional resources in the surveillance of low-

incidence tick-borne diseases and illnesses to  

better characterize their geographic spread.  

�  

“We don’t have 
Lyme disease  
in Oregon.”

“Lyme disease 
doesn’t exist  
in Colorado.”

“Most doctors don’t 
believe that Lyme 
disease exists here…”“I was laughed at so 

many times and told 
Lyme disease doesn’t 
exist, it doesn’t exist 
where I live, what is 
this trend with Lyme 
disease…”

I am concerned that physicians in 
non-endemic areas… may dismiss 
a presentation of Lyme disease 
or other tick-borne illness by 
consulting the out-of-date map.

“A Navy doctor 
said I appeared 
to have Lyme 
disease but 
Lyme disease 
does not exist 
in California.”

“I had one doctor ask me if 
I had ever been to the NE 
United States. I had not, so 
I told him no. He said, ‘well, 
you do not have Lyme then. 
You can only get that up in 
the New England states.’”

“Some of the 
doctors in my 
area would not 
even test for 
alpha-gal and 
said it didn’t 
exist.”

“She [an infectious disease specialist, referring to a 
pediatric patient] could not have Lyme because there 
is no Lyme in Hawaii. I mentioned that we traveled 
each summer to California and she had been in Oregon 
and Washington weeks before her symptoms started.”

“I live in central 
Missouri and was told 
by multiple doctors 
that Lyme Disease 
does not exist in the 
state of Missouri.”

Figure 6. Selected commentary related to the geographic spread of tick-borne diseases and 
associated illnesses.

Note: In some cases, commentors who had indicated they had been diagnosed with multiple tick-borne infections referred 
subsequently to their infections as “Lyme.” Please note that this term could encompass multiple infections.



Personal Sacrifice and Loss

Tick-borne diseases and associated illnesses impact 

people in numerous and consequential ways. 

Individuals wrote about the detrimental effect on 

their marriages and personal relationships and on 

their ability to start new relationships after diagnosis. 

Some described difficulty maintaining employment 

and steady income, despite the heightened need for 

health insurance or other benefits. Many individuals 

have experienced difficulty in obtaining new positions 

or seeking promotions because of the time off 

needed for medical appointments and illness. 

Young commenters and their parents described the 

impact of their condition on school and educational 

opportunities. Finally, commenters explained that 

the denial of insurance and disability claims leads to 

stress and anxiety. 

A common result of these collective sacrifices is a 

sense of isolation. One anonymous commenter, 

suffering from AGS, noted: “My husband, and I have 

always loved being outdoors, working in the yard, 

traveling, camping, hiking, kayaking, fishing etc. 

Now, I cannot safely do any of those things for fear 

of another tick bite that could cause my reactions to 

escalate. I can also no longer enjoy BBQs with family 

and friends, eating out at restaurants due to the 

danger of cross contamination/fumes.”

Other losses were described as catastrophic. 

Individuals wrote about the immense disruption  

that a patient with tick-borne disease can experience, 

from emergency and intensive medical care to 

accommodations related to personal and workplace 

needs. Several parents wrote to the Working Group 

to describe the loss of their children to tick-borne 

disease. 

Impact on Mental Health

The collective impact of these sacrifices and loss 

highlight the critical need to acknowledge the 

mental health implications of tick-borne diseases and 

associated illnesses. Psychiatry specialist, Dr. Robert 

Bransfield noted, “The TBDWG has not yet addressed 

the chronic psychiatric consequences of Tick-Borne 

Diseases. In order for the TBDWG to fulfill their 

Rhisa Parera  
I saw dozens of doctors who 
treated me for depression before  
I went to a doctor who told me she 
thought I may have Lyme disease. 
… It’s already tough getting clear 
answers within Western Medicine,  
but add being a woman—a black 
woman—a black Latina and it seems 
like there is no help in sight. I’m 
hoping my story can change that. 

For years I struggled with my health, 
alone. Getting a Lyme diagnosis is 
hard. I had seen dozens of doctors, 
specialists, with no answers, FOR 
DECADES. It was such a confusing 
situation because how do you 
explain to someone who doesn’t 
get it that you are sick but all 
these doctors are saying you’re 
fine? You start to think you’re insane 
and that other people will think the 
same so you isolate and start to pull 
away from people. 
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responsibility to the public it is important to address 

the causal association between Lyme/Tick-Borne 

Diseases and psychiatric symptoms.”

Commenters diagnosed with tick-borne diseases and 

associated illnesses reported experiencing anxiety, 

depression, and suicidal ideation or attempted 

suicide. Stephan and Mary Jane Heppe wrote to  

the Working Group about the death of their son: 

Our son, Vaughan Heppe, died last October as a 

result of Lyme-induced encephalopathy. … This 

disease and lack of access to care took everything 

away. Because of his brain inflammation, mental 

illness set in, and Vaughan lost hope. He 

committed suicide last October 2, 2017.

Other commenters noted that clinicians must better 

address both the physical and mental needs of those 

diagnosed with tick-borne disease.

Ethical Lapses or Mishandling by 
Governmental Entities

Pervasive skepticism and mistrust of the government 

were evident in many public comments. Individuals 

claimed that the federal government is not fulfilling  

its mission to protect the public from a known public 

health threat. They noted a lack of interest and 

investment in tick-borne diseases and associated 

illnesses, especially compared to Zika virus and 

COVID-19. Other commenters believe that the 

government is actively hiding truths about tick-borne 

diseases from the public. These comments often 

alleged scientific fraud and a coverup. Many comments 

called for a congressional investigation of the 

“mishandling of Lyme disease.” 

Issues with Vaccines

This skepticism manifested in distrust of the 

regulation of tick-borne disease vaccines, and the 

LYMERix vaccine in particular. Some commenters 

claimed that vaccines were created solely for profit 

and that the government approved LYMERix for 

inappropriate reasons. Others expressed that 

adverse events and potential complications possibly 

resulting from vaccination have not been thoroughly 

investigated. Many commenters worry that the 

vaccine mechanism, which may be used in future 

vaccines, is problematic. 

Other commenters took a different approach and 

strongly recommended the need for vaccines to 

prevent tick-borne disease. Some believe that a 

vaccine is an important public health tool that is 

cost-effective and not reliant upon individual 

behavior. Some complained that the federal 

government has not invested sufficiently in  

vaccine candidates and vaccine research. 

19

Figure 7. Common themes by illness.
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Themes by Illness
Certain themes emerging from the analysis were 

specific to individual illnesses. For commenters that 

primarily addressed borreliosis, including Lyme 

disease and tick-borne relapsing fever, the themes  

of Protracted Treatment, Delayed Diagnosis, and 

Misdiagnosis dominated. Some themes specific  

to an illness overlapped with those described 

previously (i.e., Feeling of Being Disregarded, Need 

for Clinical Education, and Need for Research). Figure 

7 captures the themes that were directly attributed to 

a specific illness or to tick-borne diseases in general.

Limitations
The primary limitation of this analysis is that the 

content was coded and analyzed by a single person. 

Opportunities to compare and delineate themes, 

eliminate potential researcher bias, and offer multiple 

perspectives or interpretations is therefore also limited. 

Another significant limitation is the selection bias 

of those who elected to provide comment to the 

Working Group. These individuals may not fully 

represent the body of all individuals affected by or 

diagnosed with tick-borne diseases and associated 

illnesses. 

Some of the material, by request of the commenter, 

or by guidelines provided by the Office of General 

Counsel, was redacted. Some of the redactions made 

it difficult to determine unique emails, determine 

locations referenced in the text, and interpret some  

of the themes described in comments.

Due to delays in setting up the first cycle of the 

Working Group, commentary from that period is 

limited. Further, public comments from the third  

cycle are limited to those received through October 

11, 2022, because of the need to finalize language for 

publication in the third Report to Congress.



21

Chapter 3
Access to Care and Education

Patients with tick-borne diseases and associated 

illnesses experience multiple inequities in health 

care access, chief among these is limited access to 

knowledgeable clinicians. Structural and societal 

determinants of health interact to produce three 

interwoven types of barriers: patient-encountered, 

clinician-encountered, and medical educational. 

The limited availability of high-quality educational 

opportunities reduces the number of clinicians who 

understand the nuances of tick-borne diseases and 

increases the professional scrutiny that they face. The 

professional risks and demanding duties of caring 

for patients with complex tick-borne illness further 

restricts the ranks of clinicians who are willing to assist 

these patients, giving rise to disparities in access to 

care. This chapter describes the major challenges 

with each barrier in order to demonstrate a common 

root cause as well as several shared solutions.

Recommendations
Recommendation 3.1: Provide funding for  
the U.S. Department of Health and Human Services 
to sponsor the National Academy of Medicine  
(NAM) within the National Academies of Sciences, 
Engineering, and Medicine to conduct an objective, 
comprehensive review of the basic science and 
clinical evidence for diagnosis and treatment of 
Lyme disease, with emphasis on acute and Persistent 
Lyme Disease/Chronic Lyme Disease (PLD/CLD). The 
purpose for conducting an objective review would 
be to establish what is definitely known, what is 
partially understood, and what remains unknown 
about Lyme disease. The review mechanism shall be 

transparent and include public stakeholders and 
patient representatives, experts in trial design and 
execution, as well as a diversity of experts who 
represent the full spectrum of scientific perspectives 
on Lyme disease. The expert panel will produce a 
comprehensive public report, which will be used to 
inform federal and state initiatives. 

Rationale 

Lyme disease accounts for the vast majority of 

tick-borne disease cases and tick-borne disease-

related controversies. Many aspects of disease 

pathogenesis and facts regarding the effectiveness 

of treatment at various time points in the infection 

are unclear, unrecognized, or disputed. The purpose 

for conducting an objective evidence review, using 

subject matter experts on Lyme disease and experts 

on trial design and execution, would be to establish 

what is definitely known, what is partially understood, 

and what remains unknown about Lyme disease. 

Thus, the NAM report would be used to inform 

government policies, research grant processes,  

and educational outreach to clinicians and the public. 

Within the Lyme community, there is significant distrust 

regarding how the science has been evaluated in the 

past and conveyed to clinicians. The transparent 

nature of the proposed review should engender trust 

in its findings. The key element for success will be to 

select NAM reviewers who can focus solely on 

evaluating all of the pertinent scientific findings.

Although many Lyme disease–related topics would 

benefit from such a review, a reasonable starting 

point would be to review the evidence regarding U.S. 
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patients with erythema migrans, the largest group 

of all reported cases, and PLD/CLD, the topic that 

generates the most controversy. Information gained 

in the review of variations in clinical presentation 

may prove useful for reducing the risk of patients 

developing PLD/CLD.

Meaningful stakeholder engagement in the evidence 

review is also crucial to the findings being accepted 

by clinicians and the public. For example, in the 

case of PLD/CLD, stakeholders should include (a) 

patients, caregivers, or patient advocates who can 

meaningfully represent the acute and PLD/CLD 

perspectives; (b) clinicians (including clinicians who 

treat patients with acute and PLD/CLD as well as 

those who are subject matter experts in acute and 

PLD/CLD education); and (c) research scientists with 

expertise and experience that represent diverse 

scientific perspectives on the full spectrum of Lyme 

disease. Similar stakeholder groups would be 

necessary for content related to other aspects of 

Lyme disease.   

Recommendation 3.2: Upon activation of 
Recommendation 8.1 of the Tick-Borne Disease 
Working Group 2022 Report to Congress outlining 
implementation of Working Group priorities2, the 
first recommendations to be discussed for updates 
and public input are Recommendations 7.1 and 7.2 
from the Tick-Borne Disease Working Group 2020 
Report to Congress that address educational 
materials and web content. Emphasis should be 
placed on receiving input via meaningful engagement 
with stakeholders on how these recommendations 
have been implemented to date across HHS 
operating divisions and how well they reflect the 
current state of the science.

Rationale 

Several Department of Health and Human Services 

(HHS) agency websites include content related 

to tick-borne diseases and Alpha-gal Syndrome 

(AGS). However, the content does not represent 

the current state of the science. The existence of 

significant scientific uncertainty and the lack of 

acknowledgement thereof on federal websites 

and training programs contribute substantially to 

the professional barriers with which clinicians must 

contend. The content of the federal websites and 

training pertaining to Lyme disease and other tick-

associated illnesses should represent the primary 

literature as it is—both strengths and weaknesses—

and identify scientific gaps. For PLD/CLD, it should 

also inform clinicians of the divergent scientific 

perspectives, thereby opening the door to the use 

of clinical judgment and shared decision-making. 

Adopting these changes would reduce the pressure 

on clinicians who currently treat PLD/CLD, increase 

the knowledge base of front-line clinicians seeking 

guidance to inform their practice, and provide a more 

hospitable environment to attract new clinicians to 

care for this growing patient population.  

For all websites with tick-borne disease content, 

thorough reviews conducted with meaningful 

stakeholder engagement in the development or 

revision of the content are needed. For example, in 

the case of acute and PLD/CLD, stakeholders should 

include (a) patients, caregivers, or patient advocates 

who can meaningfully represent the acute and PLD/

CLD perspectives; (b) clinicians (including clinicians 

who treat patients with acute and PLD/CLD as well 

as those who are subject matter experts in acute 

and PLD/CLD education); and (c) research scientists 

with expertise and experience that represent 

diverse scientific perspectives on the full spectrum 

of Lyme disease. Similar stakeholder groups would 

be necessary for content related to other tick-borne 

diseases and AGS.  

Recommendation 3.3: Fund and support 
continued and ongoing modification of the federal 
government websites, starting with the CDC and 
NIH websites, as well as educational materials and 

2Recommendation 8.1 (p. 75) requests that HHS’s Office of the Assistant Secretary of Health (OASH) convene regular 
virtual public co-creation or collaboration workshops and technical consultations, in concert with relevant HHS 
operating divisions (CDC, FDA, NIH, and CMS) and with other relevant federal departments to share updates and 
receive input on progress made toward implementing FAC recommendations from the three reports to Congress.
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seminars for clinicians, the public, and public health 
departments to reflect the current state of the 
science related to Persistent Lyme Disease/Chronic 
Lyme Disease (PLD/CLD), which is limited, emerging, 
and unsettled, and to acknowledge that there are 
divergent views on diagnosis and treatment of 
patients with PLD/CLD.

Rationale 

Modifications to government websites and educational 

materials that acknowledge the scientific uncertainty 

regarding PLD/CLD will promote health equity by 

reducing the professional barriers experienced by 

clinicians and allowing clinicians and patients to 

engage in shared decision-making with the goal of 

individualizing care and optimizing outcomes. When 

this report was written, the following language—

which serves as a good example of what needs to be 

incorporated on all federal websites and educational 

materials—had been recently added to a Centers for 

Disease Control and Prevention (CDC) webpage:

Some patients report persistent symptoms 

of pain, fatigue, or difficulty thinking even 

after treatment for Lyme disease. The state of 

the science relating to persistent symptoms 

associated with Lyme disease is limited, 

emerging, and unsettled. Additional research 

is needed to better understand how to treat, 

manage, and support people with persistent 

symptoms associated with Lyme disease. In 

light of these research gaps, recommendations 

for treatment of persistent symptoms in people 

previously treated for Lyme disease are not 

provided here. (CDC, 2022e) 

Recommendation 3.4: Provide the HHS 
Secretary with discretionary authority to maintain 
telehealth flexibilities independent of Public Health 
Emergency declaration for patients with tick-
associated illnesses in order to ensure access,  
parity, and equity for those receiving in-person  
and telehealth services.

Rationale

Access to care issues are not unique to tick-

borne disease patients and have been addressed 

successfully in other communities using telehealth. 

For example, telehealth has helped rural communities 

address workforce shortages and reduce the burden 

on patients who might otherwise have to travel long 

distances for specialty care. Because of the COVID-19 

pandemic, telehealth is now widely accepted by 

patients and providers. Telehealth flexibilities will 

ensure that individuals with tick-borne disease 

illness have access to appropriately trained clinicians 

by bridging gaps in the current PLD/CLD clinician 

workforce. Patients in the Lyme disease community 

have come to rely on telehealth to increase their 

access to care and would be detrimentally impacted 

if it were no longer available. 

Recommendation 3.5: Fund, support, and 
encourage community-based participatory research 
programs for persistent Lyme disease/chronic Lyme 
disease (PLD/CLD) and complex presentations of 
late Lyme disease and other tick bite–associated 
illnesses. This includes the development and growth 
of community research capacity to accelerate the 
fundamental knowledge base using “big data” 
registries, data-sharing platforms, specimen and 
tissue sample repositories, and genomic and 
precision medicine approaches that reflect the 
underlying heterogeneous nature of tick-borne 
diseases and associated illnesses.  

Rationale 

Tick-borne diseases and associated illnesses are 

research-disadvantaged. Promoting innovative 

research methods aligns with the NIH Strategic Plan 

for Tickborne Disease Research and may maximize 

the impact of the available funding. Community-

based participatory research (CBPR) approaches, 

such as those utilized by the National Institute on 

Minority Health and Health Disparities of the National 

Institutes of Health (NIH), successfully advance the 

knowledge base for research-disadvantaged diseases. 

https://www.niaid.nih.gov/sites/default/files/NIH-Strategic-Plan-Tickborne-Disease-Research-2019.pdf
https://www.niaid.nih.gov/sites/default/files/NIH-Strategic-Plan-Tickborne-Disease-Research-2019.pdf
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Background
“The ultimate test of the quality of health care is 

whether it helps the people it intends to help”  

(IOM, 2001). 

Health Equity Has Eluded Many Patients with 
Tick-Borne Diseases and Associated Illnesses 

Many patients with one or more tick-borne illnesses 

face daunting health disparities including decreased 

quality of life (Johnson et al., 2014; Rebman et al., 

2017), increased rates of disease (Fallon et al., 2021), 

increased disease severity (Dennison et al., 2019), 

preventable death (CDMRP, 2022; Dahlgren et al., 

2012; Marx et al., 2020), and limited access to care 

(Johnson et al., 2011). Resolving limitations to 

accessing quality care could substantially reduce  

the other health disparities. 

Health disparities related to tick-borne illnesses exist 

along racial, ethnic, and socioeconomic lines. One 

frequently cited study found that in a high-incidence 

area for Lyme disease, the incidence of Lyme arthritis, 

a late manifestation, was higher in Black people than 

White people, while White people had higher rates  

of reported erythema migrans (EM) rash, an early 

manifestation (Fix et al., 2000). It has been hypothesized 

that under-recognition of EM in people of color and 

implicit bias toward Black people may contribute to 

the diagnostic delays in this population (Dennison et 

al., 2019; Fix et al., 2000; Hall et al., 2015). Like Black 

people, Hispanic people are more likely than non-

Hispanic people to present with manifestations of 

disseminated disease and less likely to have a 

reported EM (Nelson et al., 2016). Treatment failure 

rates are generally higher for patients presenting with 

delayed diagnosis and late manifestations than for 

Health equity “is optimal health for all” (American Medical Association, 2018). According to CDC, 
health care equity is achieved only “when every person has the opportunity to attain his or her full 
health potential” and when no one is “disadvantaged from achieving this potential because of social 
position or other socially determined circumstances” (CDC, 2020a). Thus, health equity is a matter of 
fairness and moral justice; groups experiencing disparities are often marginalized or lack political, 
social, or economic power (American Medical Association, 2018; Liburd et al., 2020).

Health disparities—differences in access to care, longevity, rates of disease, disease severity, 
disability, quality of life, and death (CDC, 2020a)—are the result of structural and societal determinants 
of health inequity. Structural and social determinants of health act systematically through “long 
causal chains of mediating factors” (Solar & Irwin, 2010). Institutions, policies, and practices, 
including governmental policies and practices, that determine the distribution of power, funding, 
and the availability of services are structural determinants of health. Social determinants of 
health—economic stability, education access and quality, neighborhood and built environment, 
social and community context, and health care access and quality—result from structural 
determinants and act within the context in which people live their lives (Office of Disease  
Prevention and Health Promotion, n.d.). 
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patients with EM rashes (Hirsch et al., 2020; Logigian 

et al., 1999; Steere & Angelis, 2006; Steere et al., 

1994). These inequities may be a function of 

differences in Lyme disease awareness, language 

barriers, and limited access to health care (Nelson et 

al., 2016). Given that roughly 40% of employees in 

high-risk occupations such as landscaping-related 

services and farming are of Hispanic ethnicity, this 

finding has important implications (Nelson et al., 

2016). The effect of socioeconomic status varies by 

tick-borne disease. One study found that counties 

with lower poverty and crime rates and higher levels 

of education had a higher incidence of Lyme disease, 

while counties with higher unemployment, less 

educated populations, and lower crime rates were 

associated with a higher incidence of human 

monocytic ehrlichiosis (Springer & Johnson, 2018).

Potential for Sex-Based Health Disparities 

Various aspects of Lyme disease appear to affect 

males and females unequally. A prospective study  

of adult patients with EM lesions measuring 5 cm or 

more found that the average EM size was 2.18 cm 

larger in males than in females (Rebman et al., 2021). 

Because the CDC surveillance case definition for 

Lyme disease requires that an EM measure 5 cm or 

more to be a reportable case, it is unclear whether 

sex-related differences in EM size prevent women 

from meeting that criterion and delay or preclude the 

diagnosis by clinicians who apply the EM size criterion 

in their clinical practice. Although EM rates are similar 

for both genders, males are more likely than females 

to be diagnosed with Lyme arthritis, neuroborreliosis, 

and carditis (Rebman et al., 2015; Steere & Angelis, 

2006; Strle et al., 2013), while females are more likely 

to develop and be diagnosed with persistent 

symptoms of Lyme disease (Aucott et al., 2022). The 

pathophysiology of Lyme arthritis, neuroborreliosis, 

and carditis is fairly well understood, and generally 

accepted treatment protocols exist for these 

presentations. However, that is not the case for 

persistent symptoms of Lyme disease, placing 

females at risk for decreased access to effective care 

and decreased quality of life. A study of Lyme disease 

in pregnant and non-pregnant women found that 

pregnant women were less likely than nonpregnant 

women to have a classic “bull’s-eye” rash or present 

with constitutional symptoms such as fatigue, 

headache, myalgia, arthralgia, dizziness, nausea,  

and fever (Maraspin et al., 2020). These diminished 

symptoms/findings could place pregnant women  

at a disadvantage for being diagnosed early in  

their infections, when treatment is most likely to be 

successful, thereby increasing their risk of increased 

disease severity and poorer quality of life.

Major Challenges and Issues
Patient-Encountered Barriers to  
Obtaining Care

Patients with tick-borne diseases and associated 

illnesses encounter numerous barriers to accessing 

care, including structural barriers created by insurers 

and medical boards (Figure 8). These barriers to care 

were discussed extensively in the Tick-Borne Disease 

Working Group 2020 Report to Congress and are 

briefly summarized here:  

•  Many patients report that their care is not covered 

by insurance (Johnson, 2019a, 2019b; Johnson 

et al., 2011, 2014, 2020). For example, 18% of the 

participants in the MyLymeData patient registry 

report that they do not use antibiotics because their 

insurance will not cover them, and 50% of registry 

participants report that their clinicians do not 

accept insurance coverage (Johnson, 2019a). The 

registry consists of self-reported data for 3,903 U.S. 

patients diagnosed by a health care provider with 

Lyme disease obtained from November 2015 to 

November 2016.

•  Many patients with a tick-borne illness cannot 

find local clinicians to treat them and travel great 

distances to obtain care from knowledgeable 

clinicians. In a survey of more than 2,400 Lyme 

disease patients, 60% of respondents reported 

traveling more than 50 miles for Lyme disease 

treatment, with 9% traveling more than 500 miles; 

82% of PLD/CLD patients who sought care at their 

local hospital had difficulty obtaining treatment, 

and 51% saw seven or more clinicians before 
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obtaining accurate PLD/CLD diagnoses (Johnson 

et al., 2011). In another survey with more than 

3,000 respondents, 78% of patients with PLD/CLD 

experienced a diagnostic delay of six months or 

more (Johnson et al., 2014). 

•  Many AGS patients experience significant 

diagnostic delays. Semi-structured interviews of 

28 AGS patients found that 80% experienced an 

average delay of 7.1 years, and less than 10% of 

more than 100 medical visits resulted in the correct 

diagnosis or appropriate referral (Flaherty et al., 2017).

Structural barriers also include policies and processes 

that exclude patients from meaningful participation in 

decisions that ultimately affect their ability to access 

quality care. Processes that determine funding for 

scientific research and the development of clinician 

educational content often exclude patients and their 

advocates from participating. In the case of research 

funding, grant review committees that lack meaningful 

patient engagement are less robust and may not 

recognize the importance of research avenues that 

directly address the lived experiences and priorities 

of patients (Bendiscioli, 2019). In addition, the 

processes that funding organizations follow may 

divert funding away from novel and/or innovative 

approaches and topics that patients value (Bendiscioli, 

2019). Scoring systems that award points based on 

researcher reputation and track record are “researcher-

centric”; those that award points to research identified 

by patients as important to improving the quality 

of their lives are “patient-centric.” Because patients 

are the ultimate end user of health care research 

findings and hence the most important stakeholder, 

their engagement is critical to achieving the primary 

goal of health care research—namely “to [improve] 

health by providing beneficial care to patients” (IOM, 

2009). Meaningful patient engagement requires not 

only selecting patients or patient advocates qualified 

to represent the community, but also engaging them 

early enough in the process to make a difference in 

the process outcome or ultimate product (Johnson  

& Smalley, 2019). 

The choice to include or exclude patients and patient 

advocates from funding decisions varies across 

Figure 8. Patient barriers to care.
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government entities. The Department of Defense’s 

Tick-Borne Disease Research Program includes 

tick-borne disease advocates in its funding review 

process, while NIH does not (Davey, 2021; Purdue, 

2021). The availability of clinicians knowledgeable 

about tick-borne diseases and associated illnesses 

directly impacts outcomes for tick-borne disease 

patients, yet patients and patient advocates have 

been excluded from meaningfully participating in the 

development of clinician undergraduate training or 

continuing medical education curricula. According 

to NAM, “the key goals of medical education include 

helping learners at all levels develop the ability to 

think critically and appraise the evidence for clinical 

decision making” (IOM, 2009). In pursuing these 

goals, outcomes that patients deem important are 

foundational (Johnson & Smalley, 2019).

Clinician-Encountered Barriers to  
Providing Care 

The clinician supply and demand imbalance for 

patients with late presentations and PLD/CLD has 

been evaluated from the perspective of the patient 

(Johnson et al., 2011) but not the clinician. Clinicians 

caring for patients with complex cases of Lyme 

disease and PLD/CLD often navigate a variety of 

obstacles (Figure 9) (Johnson & Maloney, 2022). The 

lack of knowledgeable treating clinicians willing to 

provide care for patients with tick-borne diseases and 

associated illnesses is directly related to the structural 

and societal barriers that complicate or preclude care 

for this marginalized patient group. A 2021 survey of 

U.S. clinicians who treat PLD/CLD patients (“2021 

Clinician Survey”) was conducted by LymeDisease.org 

between September 23 and December 1, 2021, with 

Figure 9. Clinician barriers to care.
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the objective of characterizing the types of clinicians 

that provide care and the barriers they encounter 

(Johnson & Maloney, 2022). The organization 

distributed the survey through a variety of methods 

including its physician referral program and broader 

email outreach; 155 clinicians from 30 states responded. 

Clinicians responding to the survey identified the 

following challenges to providing care:

• Complexity of care (79%)

• Patients’ inability to pay out-of-pocket costs (75%)

• Lack of professional support from colleagues (61%)

•  Opposition to the treatment of PLD/CLD from some 

physician organizations (59%)

• Cognitive impairment of patients (57%)

•  Frequent patient calls between scheduled 

appointments (49%)

• Reimbursement for care (34%)

• Length of visits (31%)

• Communication issues with patients (22%)

Scientific and Clinical Uncertainty

The gaps in scientific knowledge of tick-borne 

diseases and associated illnesses create uncertainty 

for clinicians who provide care for tick-borne disease 

patients, including PLD/CLD. In the 2021 Clinician 

Survey, 72% of respondents believed that diagnostic 

and therapeutic uncertainty are major challenges 

that prevent other clinicians from treating patients 

with PLD/CLD (Johnson & Maloney, 2022). Important 

scientific gaps include (a) disease pathogenesis of 

individual infections, concurrent tick-borne illnesses, 

and conditions such as AGS; (b) accurate diagnostic 

testing, especially for patients with PLD/CLD; and (c) 

optimal treatment approaches for patients with tick-

borne diseases and associated illnesses. 

As the scientific knowledge of tick-borne diseases 

continues to grow and evolve, many uncertainties 

remain. For example, the discovery of new 

pathogenic Borrelia species, especially B. miyamotoi, 

whose distributions and symptoms overlap with those 

of other tick-borne diseases, introduces diagnostic 

uncertainty (i.e., Does this patient have Lyme disease 

or B. miyamotoi disease?). The expansion of tick 

ranges poses similar problems. The lone star tick 

(Ambylomma americanum), which is associated 

with southern tick-associated rash illness (STARI), 

is now widely distributed in the eastern United 

States (Kennedy & Marshall, 2021). Although the 

initial presentation of the illness is similar to acute 

Lyme disease, the pathogenic agent of STARI has 

yet to be identified, and no diagnostic tests for this 

infection exist. Thus, although the EM rash used to 

be considered pathognomonic for Lyme disease, 

when patients present with an EM rash in areas with 

established lone star tick populations, clinicians must 

also consider STARI as a potential diagnosis.

Diagnostic uncertainty has two main sources. 

Uncertainty related to clinical presentations is 

one. This includes the challenges posed by the 

overlapping clinical presentations of many tick-borne 

diseases and the highly variable presentations of 

disseminated Lyme disease and AGS. The limitations 

of diagnostic testing is the other. Point-of-care testing 

has limited availability, and many diagnoses are 

based on serologic tests, which can be inaccurate 

for many reasons (Bobe et al., 2021). It is important to 

recall that antibody responses in a given individual 

can fall outside established laboratory reference 

ranges for a population and yet the patient can still 

be infected (Aguero-Rosenfeld et al., 1996; Steere 

et al., 2008). With regard to PLD/CLD, no tests exist 

to demonstrate successful bacterial eradication or 

to confirm other potential etiologies for ongoing 

symptoms and signs (CDC, 2021b).    

Therapeutic uncertainty remains a concern. For 

many tick-borne diseases, prevailing therapeutic 

regimens are based on clinical observations with 

little or no evidence from randomized controlled/

comparative trials. Although the body of evidence 

for Lyme disease is greater than those for other 

tick-borne diseases, it is still quite limited, and the 

quality of that evidence is an important source of 

disagreement (Cadavid et al., 2016; Cameron et al., 

2014; Hayes & Mead, 2004; Lantos et al., 2021; NIHCE, 

2018). Indeed, the majority of GRADE (Grading of 

Recommendations, Assessment, Development, and 

Evaluations)-based evidence assessments regarding 
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treatment benefits determined that the evidence 

is generally of low quality (Cadavid et al., 2016; 

Cameron et al., 2014; Hayes & Mead, 2004; Lantos et 

al., 2021; NIHCE, 2018). 

As other chapters in this report have described 

in detail, there is a critical need for increased 

research funding for basic science investigations 

and therapeutic trials to reduce the numerous 

gaps in the scientific evidence related to tick-borne 

diseases that result in clinical uncertainty. Patients, 

clinicians, and researchers would benefit from the 

discovery of accurate diagnostic biomarkers for all 

tick-borne diseases, including the potential etiologies 

of PLD/CLD, that are clinically valid across the entire 

spectrum of patients. This advance would reduce 

diagnostic uncertainty, thereby decreasing diagnostic 

delays, and make it easier to design and conduct 

clinical trials, which could lead to more successful 

therapeutic regimens. However, because most 

presentations are treated with generic antibiotics, 

the pharmaceutical industry, which typically funds 

therapeutic trials, has few incentives to conduct trials 

using generic drugs or to develop novel therapeutics. 

Thus, tick-borne diseases are research-disadvantaged 

diseases, similar to rare and orphan diseases. Despite 

this, NIH has historically allocated insufficient funds to 

investigate this group of diseases.

Professional Stigma and Risks Posed by 
Regulatory Bodies 

Respondents to the 2021 Clinician Survey noted a 

lack of support from colleagues and professional 

stigma as important barriers to providing care; 

indeed, 75% reported having been stigmatized or 

treated disrespectfully by professional colleagues 

because they treat patients with Lyme disease 

(Johnson & Maloney, 2022). In addition, 85% stated 

that professional marginalization is preventing 

other clinicians from caring for patients with PLD/

CLD.  “Stigma is a powerful social process that 

is characterized by labeling, stereotyping, and 

separation, leading to status loss and discrimination, 

all occurring in the context of power” (Nyblade et 

al., 2019). Stigmatization and discrimination may be 

institutionalized in policies, procedures, or practices 

(such as guidelines). Clinician marginalization 

reduces opportunities for sharing on-call and 

hospital responsibilities and stifles information 

sharing. Exclusion from insurance networks, 

limited opportunities to share office space, and 

disparagement by colleagues are examples of 

stigmatization.

Clinicians reported that the potential for investigation 

by regulatory boards is wearing and that defending 

oneself requires valuable time, energy, and funds 

(even when sanctions are not imposed). Further, 

investigations are often protracted for years, 

and clinicians may suffer revenue losses when 

investigations intrude on clinic operations.

State medical boards, hospital credentialing 

committees, and insurer quality committees may 

be ill-equipped to judge care when a medical field 

is evolving and relevant trial evidence is scarce. 

Although many of these bodies rely on their own 

perception of the “standard of care” and prevailing 

clinical practice guidelines (CPGs), these metrics are 

of limited use in Lyme disease because the evidence 

base is weak and treatment approaches diverge 

(Johnson et al., 2018).

Some regulatory decisions to sanction clinicians 

who treat patients with tick-borne diseases may 

reflect regulators’ misconceptions regarding the 

available evidence, misunderstandings regarding the 

principle and practice of evidence-based medicine, 

and misgivings or a lack of appreciation of shared 

decision-making. The Tick-Borne Disease Working 

Group 2018 and 2020 Reports to Congress identified 

several clinician knowledge gaps, including the 

following:

•  Insufficient understanding of the spectrum of 

clinical presentations of tick-borne diseases and 

associated illnesses;

•  Underestimation of their patients’ risk of Lyme 

disease;

•  Misconception that patients who do not meet 

CDC’s surveillance case definition cannot have 

Lyme disease;
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•  Insufficient education regarding the limitations of 

diagnostic testing for tick-borne diseases, including 

the potential for false positives and false  

negatives; and

•  Lack of understanding regarding treatment 

(Access to Care Services and Support to Patients 

Subcommittee, 2018; Training, Education, Access  

to Care, and Reimbursement Subcommittee, 2020). 

When self-identified or designated experts are not 

fully aware of the pertinent research evidence and 

harbor some or all of the knowledge gaps described 

above, the likelihood that they will primarily support 

their opinions by relying on popular third-party 

sources such as CPG increases. The inherent problem 

with this approach is that CPG recommendations 

often provide a generalized, population-based 

approach to patient management that cannot 

account for the details of an individual patient’s 

circumstances, treatment needs, or values and 

preferences (Djulbegovic & Guyatt, 2017). Therefore, 

when the patient population is heterogeneous, as it 

is with tick-borne diseases and associated illnesses, 

and patients require individualized care, regulatory 

decisions based primarily on CPG recommendations 

reflect an inherently flawed and unfair process for the 

clinician under investigation. The following excerpt 

describes one clinician’s experience with an insurer: 

“The first indication of trouble arrived unexpectedly, by registered letter. Reading in disbelief,  
I learned that an insurance company’s credentialing committee had reviewed a quality-of-care 
case concerning my treatment of Lyme disease and, without ever speaking to me, determined that 
I ‘provided inappropriate diagnosis and treatment of tick-borne illnesses.’ The letter went on to 
inform me that I was terminated from the insurer’s provider network. No details regarding the care 
concerns were provided.

Exclusion from the network would be a death blow to my practice, which provided the full range  
of primary care services in a small community where this particular insurer dominated the 
market.…And so, I was forced to pick between the small group of marginalized, suffering  
Lyme disease patients that I had helped and my non-Lyme disease patients who made  
up the bulk of the practice. With a heavy heart, I chose the latter.”

Traditional Economic Models 

Traditional economic models are ill-suited to the care 

of PLD/CLD patients. The traditional model relies 

heavily on insurance compensation, but insurance 

compensation often does not match the time 

required to provide care. Thus, in the 2021 Clinician 

Survey, 74% of respondents indicated that they do 

not participate in insurance networks (Johnson & 

Maloney, 2022). This decision increases care costs for 

all patients and decreases access for patients who 

cannot afford the out-of-pocket expenses. 

Medical Education-related Barriers 

Improving health equity for patients with tick-borne 

diseases and associated illnesses requires a sufficient 

number of well-educated clinicians whom patients 

can readily access. Both the 2018 and 2020 Reports 

to Congress identified clinician knowledge gaps that 
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impact the diagnosis and management of patients 

with tick-borne diseases. The continued need for 

clinician education that promotes an increased 

awareness of tick-borne diseases and fosters a 

deeper understanding of these illnesses remains  

a significant concern. 

Insufficient Instructional Time Devoted to Tick-
Borne Diseases and Associated Illnesses in 
Medical Schools 

The dramatic increase in medical knowledge presents 

an important challenge in tick-borne diseases. 

Medical knowledge, as measured by the volume of 

journal articles, has been increasing exponentially 

for over a decade, and this increase is likely to 

accelerate in the future. In contrast, instructional time 

in undergraduate medical education is essentially 

fixed. Thus, the need to cover more information in 

a fixed amount of time results in educational trade-

offs. As such, tick-borne diseases compete with other 

high-impact, high-incidence topics such as diabetes 

and obesity for instructional time. Viewed in that light, 

it is understandable that limited classroom time is 

devoted to tick-borne diseases.

The implications of this educational framework 

profoundly affect clinicians’ knowledge and hence 

their ability to care for patients with tick-borne 

diseases and associated illnesses. Clinicians generally 

leave school with limited knowledge of basic facts 

of tick-borne diseases and associated illnesses and 

with little exposure to the uncertainties mentioned 

above. As the complexity of tick-borne diseases 

becomes better known, clinicians must be able to 

incorporate additional information into their practice; 

thus, clinicians must be life-long learners (Ginzburg 

et al., 2021). Continuing medical education (CME) 

opportunities are part of the resources on which 

clinicians rely to remain life-long learners. Therefore, 

clinicians require access to high-quality CME courses 

and educational content that are designed to fill 

these educational voids. Although most clinicians 

prefer CME activities that are online, low or no-cost, 

and flexible (O’Brien Pott et al., 2021a, 2021b), only 

a few CME activities align with clinician preferences. 

Thus, clinicians often struggle to (a) identify many 

disease presentations, (b) determine how to assess 

an individual’s risk of disease based on history and 

exam, (c) recognize the limits of testing, and (d) 

individualize care. These struggles are reflected in the 

lived experiences of many patients who have found it 

difficult to obtain an accurate diagnosis and effective 

treatment when they initially sought medical care 

(Tick-Borne Disease Working Group, 2018).

Shortcomings in Government Educational Efforts 

CDC and NIH, including the National Institute of 

Allergy and Infectious Diseases (NIAID) are leading 

medical authorities within HHS. The information on 

tick-borne diseases and associated illnesses provided 

by these agencies is extensively used by medical 

professional organizations, regulatory bodies,  

health insurers, researchers, medical educators,  

and providers. As such, CDC is ideally poised to 

take a lead role in providing comprehensive, factual, 

up-to-date information on Lyme disease on which  

clinicians can rely. However, the narrow scientific 

focus described both on the CDC CME modules and 

the CDC website on Lyme disease as well as on AGS 

and other tick-borne illnesses does not include what 

still remains unknown, what is uncertain, and what 

continues to be debated. Instead, the instructional 

materials present a simplified picture of the current 

state of the science. This not only limits the clinical 

utility of the information presented and constrains 

the ability of clinicians to make informed decisions 

regarding patient care, but also implies that the 

science is settled when it is not. These are missed 

opportunities to provide accurate, comprehensive 

knowledge to clinicians, not only regarding the 

underdiagnosis of tick-borne diseases and associated 

illnesses, but also the uncertainty regarding treatment. 

On the CDC and NIAID websites and in the CDC 

training modules, information about PLD/CLD 

is incomplete. Because the scientific evidence is 

emerging and unsettled, this topic has generated 

considerable controversy, yet the content does 

not reflect the breadth of perspectives. CDC and 

NIAID do not distinguish between patients who are 

recent treatment failures and those who have been 

persistently ill for many years; yet these differences  



in clinical status may affect the response to further 

antibiotic therapy. Both websites and the training 

modules omit significant facts regarding the four 

NIH-sponsored trials of antibiotic retreatment of 

persistent manifestations of Lyme disease following 

initial antibiotic therapy. Although discussions in the 

scientific literature regarding the findings from the 

retreatment trials are nuanced and remain subject  

to debate (Delong et al., 2012; Fallon et al., 2012; 

Klempner et al., 2013), not including the discussion 

altogether in favor of a generalized “retreatment 

doesn’t work” approach can mislead clinicians on a 

topic that is critical to the care of patients with PLD/CLD.

Opportunities to Eliminate or Reduce Barriers

Improving access to high-quality care for patients 

with tick-borne diseases and associated illnesses 

requires a multi-pronged approach (Figure 10). 

Improving the quality of CME programs on these 

infections and conditions is an important step. 

Clinicians must have an opportunity to gain a full 

understanding of the available evidence and the 

remaining scientific gaps. With respect to patients 

with PLD/CLD, clinicians must be made aware that 

divergent views exist on how to best diagnose and 

treat these individuals. 

Given their broad reach, it is imperative that federal 

websites provide accurate, objective, and current 

evaluations of tick-borne disease research and 

information, including that relating to Lyme disease. 

Thus, a review of federal websites and training that 

include Lyme disease and other tick-borne disease 

content is warranted. The process for conducting  

this review must be transparent and inclusive with 

meaningful engagement of the following subject 

matter experts: (a) patients, caregivers, or patient 

Figure 10. Bridging the access to care gap.
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Jonathan Simoson 
Jonathan became ill after a tick bite just a few weeks prior. He  
was diagnosed with Powassan virus disease after a series of  
medical visits during which the possibility of a tick-borne pathogen  
was raised. Jonathan was subsequently hospitalized with a high fever and  
was incommunicative while suffering from encephalitis. Jonathan’s mother, Jamie, explained:  

…what we’re asking for is education. We were adamant that he was bit by a tick. … They didn’t 
even—it’s not even noted in any of their paperwork that he was [bitten] by a tick, even though 
we talked about it three times because there was no bull’s-eye, the tick was not embedded, and 
the tick was not attached for more than, they’re saying, 15 minutes, possibly, there was no 
chance that he could have gotten sick.  

advocates who can meaningfully represent the 

acute and PLD/CLD perspectives and other tick-

borne illnesses; (b) clinicians (including clinicians 

who treat patients with acute and PLD/CLD as well 

as clinicians who are subject matter experts in acute 

and PLD/CLD education); (c) research scientists with 

expertise/experience who represent diverse scientific 

perspectives on the full spectrum of Lyme disease; 

and (d) clinicians and researchers with expertise in  

the other tick-borne diseases and associated 

illnesses. All members of the committee should be 

involved with selecting priority areas for review, 

determining important outcomes that matter to 

patients, and conducting the review. The most 

effective short-term solution is to teach to the 

scientific uncertainty, that is, to identify where the 

uncertainty lies and how it impacts clinical diagnostic 

and therapeutic decisions, because failing to do so 

ultimately contributes to the health inequities faced 

by patients with tick-borne diseases and associated 

illnesses.  

The continued use of telemedicine, which overcomes 

distance and travel-related cost barriers, will also 

improve access to care. A 2021 narrative review found 

that using telehealth was convenient and efficient and 

also decreased direct and indirect costs to the patient 

(travel cost and time) and health care service provider 

(staffing), lowered onsite health care resource 

utilization, improved physician recruitment and 

retention, improved access to care, and increased 

education and training of patients and health care 

professionals (Butzner & Cuffee, 2021). 

Filling the scientific gaps related to tick-borne diseases 

and associated illnesses will ultimately improve 

access to care. However, given that they are research 

disadvantaged illnesses, increased federal funding 

is critically needed to expand research avenues 

through the use of innovative research approaches, 

including CBPR. CBPR approaches could aid in 

closing the research gap. CBPR enhances community 

capacity by supporting community participation in 

the research from which they will directly benefit, 

with community members treated as equals. This 

approach creates a collaborative atmosphere 

encompassing patients, academic researchers, 

clinicians, and industry that accelerates the pace 
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of research while building research capacity within 

the community and developing both trust and 

expertise among participants. Stephen Groft, 

former director of the National Center for Advancing 

Translational Sciences’ Office of Rare Disease 

Research, fostered collaboration between patient 

registries, biorepositories, academic researchers, 

and clinicians. In Lyme disease, many of these pieces 

are already in place, including the MyLymeData 

patient registry, the Lyme Biobank (a project of 

the Bay Area Lyme Foundation), and the Columbia 

Clinical Trials Network. The addition of a community 

clinician network of providers who treat patients with 

persistent Lyme disease would further accelerate 

Lyme disease research.        

Big Picture Summary
The limited access to quality health care and other 

health disparities experienced by patients with tick-

borne diseases and associated illnesses results from 

the interaction of multiple structural and societal 

determinants of health. Identifying and changing the 

educational, research, and administrative policies, 

processes, and practices that result in barriers to 

receiving and providing care is essential to achieving 

health equity for these patients.
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Recommendations
The Working Group identified three recommendations 

to address the increasing threat and public health 

challenge of tick-borne diseases and associated 

illnesses in the United States. The lack of funding 

continues to severely limit the ability to address most 

of the goals and recommendations in the 2018 and 

2020 reports. Currently very few tick control tools are 

available to residents, much less communities, and 

there is scant evidence that any tools reduce tick bites 

or human disease, even for tools proven effective in 

killing ticks.

Recommendation 4.1: Increase funding for 
research on tick ecology towards more effective tick 
and tick-borne disease surveillance and tick control. 
Tick ecology is an important part of the One Health 
concept that also includes people and companion 
animals.

Rationale 

The primary drivers of tick populations, tick pathogen 

prevalence, and geographic expansion of ticks 

and tick-associated diseases and illnesses need 

to be clearly defined to ensure the selection of 

appropriate and effective tick bite prevention and 

control approaches (Eisen et al., 2012; Kilpatrick et 

al., 2017). Human-biting tick species are significantly 

expanding their geographic range; in addition, there 

is significant risk for importation, establishment, 

and expanded distribution of exotic ticks and their 

associated pathogens in the United States (Molaei 

et al., 2022). One recent example is the self-cloning 

Asian longhorned tick (Haemaphysalis longicornus), 

native to East Asia and capable of transmitting a 

number of pathogens, including Rickettsia spp. 

Questions about primary drivers include (a) how do 

habitat diversity and forest fragmentation impact 

disease risk; (b) what rates of host infestation are 

required to maintain enzootic  transmission; (c) 

how can outcomes of interventions on ticks or 

hosts be improved; (d) how does human behavior 

influence tick-borne disease risk; and (e) how can risk 

assessment methodology be improved. Although 

the primary drivers for establishment, growth, and 

expansion of tick populations are generally known, 

the details of how they impact different tick species, 

or other widely distributed tick species in different 

parts of its range, are less well understood.

Recommendation 4.2: Increase funding to 
develop, evaluate, and deploy tick bite prevention 
and tick control approaches and strategies. Minimize 
roadblocks and streamline the regulatory process 
for getting new tick bite prevention and tick control 
products to market.  

Rationale 

More evidence is needed on the effectiveness of 

existing integrated and individual strategies to 

reduce human tick bites and associated human tick-

borne illness. Current research tends to focus on the 

evaluation of methodologies without a clear road to 

regulatory approval or commercialization. There is a 

long timeline from basic proof-of-concept research 

to field evaluations, to commercial development, to 

licensing and registration, and to availability to the 
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public. Continued support for the development of 

existing and novel strategies with a more effective 

commercialization process would enhance the ability 

of researchers and industry to get new tick bite 

prevention and tick control products to market.

Recommendation 4.3: Increase adoption 
and expand knowledge of tick bite prevention and 
tick control methods across all affected groups, 
including implementation of occupational standards 
for employees at high risk of tick-associated illnesses.

Rationale 

A focus on occupational and high-risk activities 

for exposure to ticks is an important addition to 

previous findings. Risk factors such as occupation, 

lifestyle, and travel history are important pieces of 

information in a diagnostic workup for tick-borne 

diseases and associated illnesses. A tick species 

that becomes established in new regions has the 

potential to introduce new tick-borne pathogens 

for which it is a vector (Paules et al., 2018; Wikel, 

2018, 2022). Physicians, veterinarians, public health 

workers, and the general public need to be made 

aware in a timely manner of these potential threats 

as they emerge in a new area. Knowing where ticks 

and tick-borne pathogens are present is foundational 

to understanding the health threats they pose and 

determining appropriate treatment. As noted by 

Eisen and Paddock (2020), “the prevention and 

diagnosis of [tick-borne diseases] depends greatly 

on an accurate understanding by the public and 

healthcare providers of when and where persons 

are at risk for exposure to human-biting ticks and 

to the pathogens these ticks transmit.” Workers in 

outdoor occupations have a high risk of tick exposure, 

and they and their employers should have access 

to the most current tick bite and tick-borne disease 

prevention tools available. Broad stakeholder 

engagement and enhanced education—developed 

with a health equity lens—are needed for health care 

providers and at-risk populations, including minority 

groups.

Background
Ticks and tick-borne pathogens are a persistent U.S. 

and global public health threat that is an increasing 

challenge because of (a) expanding geographic 

ranges of multiple tick species and the pathogens 

they harbor; (b) recent emergence of previously 

unrecognized tick-transmitted infectious agents; and 

(c) the complex climatic, environmental, and human 

interactions that influence tick abundance, the risk 

for tick-borne disease, and strategies for tick control 

(Dantas-Torres, 2015; Sonenshine, 2018; Tsao et al., 

2021; Wikel, 2018). Among arthropod vectors, ticks 

transmit the greatest diversity of infectious agents to 

humans, livestock, and companion animals (Jongejan 

& Uilenberg, 2004). Within the United States, the 

majority of reported vector-borne human infections 

are attributed to ticks (Eisen & Eisen, 2018; Rosenberg 

et al., 2018) (Figure 11). Although Lyme disease 

is the most reported tick-borne disease in North 

Figure 11. Cases of nationally 
notifiable vector-borne 
diseases in the United States, 
2017–2019.
1  The graphic does not include 
34,256 positive diagnostic tests 
for alpha-gal, during 2010-2018. 
The lone star tick has been 
implicated as the primary cause 
for the development of Alpha-gal 
Syndrome, although other tick 
species may be involved. 

Sources: Binder et al., 2021; CDC, 2020c.
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America (Mead et al., 2018), the Centers for Disease 

Control and Prevention (CDC) recognize at least 18 

tick-borne pathogens and medical conditions, such 

as Alpha-gal Syndrome (“red meat” or mammalian-

derived product allergy) and tick paralysis, that 

cause human illness. This list does not include the 

many tick-associated pathogens or diseases solely 

associated with our livestock or companion animals. 

Exotic ticks and tick-borne diseases also pose a threat 

to the health of U.S. populations, as well as tourists, 

military personnel, and civilians living and working 

abroad. Although some of those diseases are not 

yet established in the United States, the recent rapid 

geographic spread of the invasive Asian longhorned 

tick in the United States illustrates the potential for 

the introduction of new tick species and tick-borne 

pathogens.

Tick-borne infectious diseases of humans are 

zoonoses (Eisen et al., 2017), which means they are 

maintained in non-human hosts. The movement or 

transport of wild and domestic host populations 

(e.g.,  migratory birds, exotic animals, and cattle), as 

well as the geographic and demographic expansion 

of ticks with their associated pathogens, are a major 

driver of tick and tick-borne pathogen emergence. 

The top five ixodid species recorded from humans 

in the United States are the blacklegged tick, the 

lone star tick, the American dog tick, the Western 

blacklegged tick, and the Rocky Mountain wood tick 

(Figure 12). Other ticks of increasing concern include 

the brown dog tick and the exotic Asian longhorned 

tick, but a total of 36 ixodid species and 13 argasid 

(soft tick) species are noted in the literature as able 

to infect humans (Eisen, 2022). Critical to reducing 

Figure 12. Ticks of major medical and veterinary importance in the United States.
Sources: Maps 1-2, 5-7: CDC, 2021h.
Map 4: Adapted from Sonenshine, 2018.
Map 8: Pennsylvania Department of Environmental Protection, 2022.
Photos: CDC.
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the incidence of established and emerging tick-

borne diseases is a required understanding of how 

ecological, environmental, and human social factors 

contribute to the increased risk of tick bites and tick-

borne disease. Currently, there is little evidence for 

individual strategies or integrated tick management 

resulting in reduced human tick bites and human tick-

borne illness.

Previous Work of the Tick-Borne Disease 
Working Group

The main objective of this chapter, and those on 

tick biology, ecology, and control in the 2018 and 

2020 Tick-Borne Disease Working Group Reports to 

Congress, is to identify strategies to reduce human 

risk of tick bite and tick-associated illnesses. The 

objectives, recommendations, and many of the 

findings in those earlier report chapters—related to 

conducting tick surveillance, assessing current and 

developing novel tick control measures, validating 

integrated tick management strategies, measuring 

human outcomes, and increasing tick education 

and awareness—remain crucial and relevant. The 

increasing numbers and diversity of tick-borne 

infections in the United States, along with weak 

epidemiological evidence of the ability of existing 

personal protection measures and environmental tick 

control methods to prevent tick bites and disease, 

has increased calls for better surveillance and a 

national strategy to address vector-borne disease 

threats (Beard et al., 2019, 2021). The national strategy 

includes the following:

•  the need for focused and area-wide integrated tick 

management programs;

•  increased incentives for academia and industry 

to develop, test, and register new tick control 

technologies;

•  updated strategies to address the increasingly  

more complex tick and disease threats occurring  

in a changing landscape; and

•  expanded educational initiatives for both 

professionals and the public.

While many challenges remain, the recommendations 

in the present and previous Reports to Congress 

outline the strategies, path, and support needed to 

advance these goals.

Major Challenges and Issues
Although the many primary drivers for emergence, 

establishment, growth, and expansion of tick 

populations are known, the details of how they 

impact different tick species, or a widely distributed 

tick species in different parts of its range, are less 

well understood (Eisen et al., 2012; Kilpatrick et 

al., 2017) (Inset, p. 39). Significant geographic 

range expansion of native tick species and risk for 

importation and establishment of exotic tick species 

and their associated pathogens are factors of 

increasing concern (Molaei et al., 2022). As vectors 

of Lyme disease spirochetes, blacklegged ticks 

(Ixodes scapularis) and western blacklegged ticks 

(I. pacificus) have been the focus of most research 

in the past several decades (reviewed by Eisen 

& Dolan, 2016; Mathisson et al., 2021; Stafford & 

Williams, 2017; Stafford et al., 2017; White & Gaff, 

2018). Even for these extensively studied species, 

much remains to be learned (Eisen & Stafford, 

2021; Tick-Borne Disease Working Group, 2020). 

Geographical differences have been observed for 

seasonal activity patterns of different life stages, 

questing behavior of larval and nymph life stages, 

and patterns of host use. These differences influence 

natural cycles of pathogen transmission as well as 

human risk of encountering questing ticks (Figure 

13). The challenge is that research is needed not 

only for I. scapularis and I. pacificus, but also for a 

diversity of tick species, particularly the lone star 

tick (Amblyomma americanum) with its aggressive 

host-seeking behavior. Necessary research 

includes fundamental studies on the biology and 

ecology of ticks throughout their geographical 

ranges, to better understand local dynamics of tick 

population establishment and growth, and pathogen 

transmission potential. 

Limited surveillance data, especially for emerging tick 

species, impacts the ability (a) to inform local public 

health messaging regarding when and where people 

are most at risk for bites by different tick species and 
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life stages and (b) to model tick populations and 

pathogen transmission dynamics (Diuk-Wasser et 

al., 2012; Eisen & Paddock, 2020). Tick surveillance, 

whether documenting the expanding range of native 

ticks or intercepting invasive ticks at U.S. borders, is 

fragmented across different federal entities, state/

local public health entities, the academic research 

community, and commercial tick identification 

and pathogen testing companies. Accurate tick 

identification is critical to early detection and 

effective action but is currently limited by (a) a small 

(and diminishing) cadre of trained tick taxonomists, 

(b) the current use of geography (local taxonomic 

keys) for morphological identification, and (c) the 

need to identify the species for each tick life stage, 

some of which may lack diagnostic characters. 

A correct identification is essential for clinicians 

and patients to determine tick disease risk. While 

classical taxonomy remains the main approach for 

tick identification, the use of alternative identification 

tools such as DNA, RNA, or protein analysis can also 

provide rapid, high throughput processing as well as 

the concurrent detection of tick-borne pathogens. 

However, accurate genetic determinations require 

accurate information in the genetic databases.

Currently, evidence is lacking to show how 

environmental tick suppression methods reduce 

Figure 13. Ecological and human interactions associated with risk of tick-borne disease.  
Source: Adapted from Diuk-Wasser et al., 2021.
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either human tick bites or tick-borne illness (Eisen & 

Stafford, 2021; Hinckley et al., 2016, 2021). There is 

a critical need for novel concepts and approaches 

in addition to evaluating the effectiveness of 

existing approaches to prevent tick bites and 

reduce tick-borne disease. The evidence base 

for tick suppression is strongest for broadcast of 

conventional synthetic acaricides, moderately strong 

for broadcast of natural product-based acaricides/

biological control agents or acaricide treatment of 

rodents and deer, and weakest for hardscaping/

xeriscaping and vegetation management. Existing 

strategies, including the application of acaricides, 

host-targeted methods, and integrated tick 

management studies have been shown effective 

in reducing the blacklegged and lone star tick 

abundance (Bloemer et al., 1990; Keesing et al., 

2022; Stafford & Williams, 2017; Stafford et al., 2017; 

Williams et al., 2018). However, additional research 

is needed to determine how environmental tick 

suppression methods are to be optimally used, singly 

or in combination, to reduce human tick bites or 

tick-borne disease most effectively based on variable 

application schemes. Large-scale single or integrated 

programs have yet to document a significant impact 

in incidence for human tick-borne disease (Hinckley 

et al., 2016; Keesing & Ostfeld, 2018; Keesing et al., 

2022). While the treatment or reduction in white-

tailed deer has demonstrated some impact on human 

cases of Lyme disease with some caveats, there is a 

need for further evidence on the impact of human 

disease risk under more diverse ecological settings 

(Garnett et al., 2011; Kilpatrick et al., 2014; Kugeler 

et al., 2015). In suburban residential settings, the 

burden of tick control falls on residential property 

owners, who have the choice of doing it themselves 

or hiring pest control firms. Organized public 

health–related tick control is either lacking or poorly 

developed across the United States (Eisen, 2021; 

Piesman & Eisen, 2008); only 3% of 491 surveyed 

local operational vector (mainly mosquito) control 

programs or health departments engaged in any 

tick control activity (Roy, 2021). Additional research 

is needed to determine how environmental tick 

suppression methods are to be optimally used—

singly, in combination, on a larger scale, or under 

different climatic regimes—to most effectively reduce 

human tick bites or tick-borne disease based on 

variable application schemes and public acceptance. 

In addition to new materials for killing host-seeking 

ticks, methods targeting animal reservoir hosts (hosts 

carrying the pathogen; e.g., white-footed mouse) or 

tick reproductive hosts (major hosts for the female 

tick that amplify tick populations; e.g., white-tailed 

deer) are likely to be an essential component of 

integrated programs to reduce tick-borne diseases 

(Table 1). Ticks are increasingly the foci of genomics 

and functional genomics studies, and these 

technologies have significant potential to provide 

new insights for development of novel control 

approaches with greater target specificity.

Immunization of wild animals to prevent human 

and domestic animal disease is one of three 

vaccine deployment frameworks, the others being 

vaccination of humans and of domestic animals 

(Monath, 2013). The first approach focuses on 

vaccination of wildlife to disrupt arthropod vector 

transmission of infectious agents to humans. Oral 

vaccination is a favored and established method for 

control of diseases in wildlife that are transmissible 

to humans and domestic animals. Oral vaccination 

regimens, including reservoir-targeted vaccines 

and oral acaricide baits for wildlife reservoirs of 

tick-borne pathogens and for wildlife species that 

amplify tick populations, such as white-footed mice 

and white-tailed deer, are achievable objectives that 

have the potential to reduce infected tick populations 

(Ndawula, 2021; Richer et al., 2014; Stafford III et al., 

2020; van Oosterwijk & Wikel, 2021). Using genomic 

approaches for tick control, the products of many 

newly discovered genes may be suitable targets for 

novel repellents, acaricides, growth regulators, anti-

tick vaccines, and potential genetic manipulations 

that block tick feeding and vector competence. 

Advances in understanding the complex, dynamic 

interface of tick-host-pathogen interactions are linked 

to improving (a) genomic tools available for salivary 

gland transcriptomics and proteomics; (b) high 

throughput next generation sequencing; (c) gene 

silencing by RNA interference or CRISPR-Cas; and (d) 

a new embryo injection technique, which will facilitate 
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an understanding of the sequential patterns of early 

embryological events and the genetic manipulation 

of ticks (Nuss et al., 2021; Wikel, 2018). Although 

transgenic tick research is in its infancy, the potential 

benefits of transgenic tick basic research are 

significant, and sustained funding for this research 

area is encouraged. Nevertheless, determining the 

specific biological activities of individual saliva and 

other tick tissue molecules for development of anti-

tick vaccines remains a challenge.

Industry has three broad roles in the field of tick 

control and tick-bite prevention: (a) production of 

already marketed products to kill or repel ticks; (b) 

development and commercialization of new acaricide 

or repellent active ingredients and formulations, as 

well as other novel products such as wildlife-targeted 

oral baits and anti-tick vaccines; and (c) provision of 

services by pest management professionals (e.g., 

local pest control companies or franchises). Basic 

research tends to focus on the development of new 

methodologies without a clear path to regulatory 

approval or commercialization, and there are key 

knowledge gaps. Given the extensive timeline from 

basic proof-of-concept research to field evaluations, 

and subsequently to commercial development 

and availability to the public, there is a need for 

continued support for evaluation and development 

of existing and novel strategies. Implementation 

of novel technologies requires long-term research 

followed by commercial product development with 

associated costs, patent or licensing issues, registration 

approvals, marketing, and actual acceptance and 

use by the public or pest management professionals 

(Graf et al., 2004). Supporting critical partnerships 

throughout the development process will expedite 

the progress of intervention strategies, including 

commercialization and marketing of the most 

promising new and/or existing technologies to reach 

the widest possible segments of the U.S. population 

at risk of Lyme disease and other tick-borne illnesses. 

The product development pipeline from early 

research through commercialization presents 

challenges that can derail even the most promising 

tick bite prevention and tick control technologies, 

particularly in the transition from basic and applied 

research to product development and scale-up (this 

funding gap is sometimes referred to as the “valley of 

death”) (Beard et al., 2009; Ford et al., 2007; Hudson 

& Khazragui, 2013) (Figure 14). This process takes 

approximately 10-15 years from proof of concept in 

the laboratory to commercialization, often due to 

funding gaps in the areas of prototype development, 

Note: Treatment for humans is covered in in Chapter 7: Disease Prevention and Treatment.

Source: The Connecticut Agricultural Experiment Station.
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testing and evaluation, and regulatory requirements. 

A more effective pathway is critically needed to 

develop, register, and commercialize tick bite 

prevention and tick control products. 

Lyme disease patients, and likely patients with 

other tick-borne diseases and illnesses, are often 

unaware of a tick bite prior to symptoms onset (Eisen 

& Eisen, 2016). In a survey of Alpha-gal Syndrome 

patients, 20% of participants did not remember 

having a tick bite (Platt & Merritt, 2022). Thus, novel 

products capable of killing undetected feeding 

ticks could be of great value to complement existing 

personal protection measures. A novel compelling 

approach to achieve this, for example, would be a 

skin lotion, shower soap, or shampoo containing an 

active ingredient that is safe to apply to human skin 

and has acaricidal properties, such as nootkatone. 

Nootkatone, from Alaskan yellow cedar or grapefruit 

essential oil, has been shown to be both repellent and 

toxic to at least four tick species in a series of federally 

funded laboratory and field studies published from 

1997 to 2012. Only recently, however, are nootkatone-

based products targeting mosquitoes and ticks being 

developed under license from CDC. Nootkatone 

was registered by the U.S. Environmental Protection 

Agency as a biopesticide in 2020. 

Implementation of novel technologies requires 

long-term research, demonstration of efficacy, 

and commercial product development and 

includes associated costs, patent or licensing 

issues, registration approvals, marketing, and 

actual acceptance and use by the public or pest 

management professionals. With a more effective 

process in place for bringing new tick bite prevention 

and tick control products to market, promising new 

products could emerge on timelines far shorter than 

we have experienced over the past decades. One 

approach to enhancing development could be to 

expand the purview of the Biomedical Advanced 

Research and Development Authority (BARDA) 

to include vector-borne diseases, and to provide 

BARDA with funding to work with industry to bring 

a new focus on getting tick bite prevention and 

tick control products to market. Collaboration 

on development of new products combining 

patented, individual technologies such as acaricides, 

Figure 14. Research and development funding gap for tick control and personal 
protection products.
Sources: Based on the concept in Beard et al., 2009; Ford et al., 2007; Hudson & Khazragui, 2013.
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reservoir-targeted vaccines, and different delivery 

systems to synergize existing technologies should 

be encouraged. Regulatory obstacles for product 

concepts involve many different federal regulatory 

agencies, depending on the product, and required 

registrations and approvals should be streamlined.

Specific circumstances that underlie tick encounters 

with people are not well understood (Eisen, 2021; 

Eisen & Eisen, 2016; Eisen & Stafford, 2021; Eisen et 

al., 2012). Up to 75% of tick bites in Connecticut and 

the Northeast are estimated to occur in residential 

settings where forested tick and host habitat is 

present (Mead et al., 2018; Stafford et al., 2017). 

Around 20% of tick bites are associated with activities 

away from the home, likely through neighborhood 

and recreational activities such as walking the dog, 

playing near edges of school grounds, and hiking 

and camping at parks and state forests, or through 

outdoor occupational activities (Fischhoff et al., 

2019; Hahn et al., 2018). Outdoor occupational 

workers have a particularly high risk of tick exposure 

(Piacentino & Schwartz, 2002; Schwartz & Goldstein, 

1989; Schwartz et al., 1994). Non-chemical personal 

protection measures (e.g., wearing untreated 

protective clothing and conducting tick checks) can 

be more effective than applying skin repellents. 

Unfortunately, workers and their employers in many 

states lack access to the most current tick bite and 

tick-borne disease prevention information and tools 

available. Although there are existing information 

resources for how to prevent tick bites, a better 

understanding of why some members of the public 

choose to not protect themselves and their families 

against tick bites is needed to generate impactful 

messages to increase the use of tick bite prevention 

and tick control measures, particularly in underserved 

communities.

Although the tick species involved is the first and 

major risk factor for most tick-associated illnesses, 

occupational, lifestyle risk factors, and travel history 

are important factors in evaluating tick-borne 

disease risk upon tick bite. To expand knowledge 

and increase adoption of tick bite prevention and 

tick control methods across all affected groups, 

occupational standards for employees at high risk 

of tick-borne diseases need to be implemented 

with additional broad stakeholder engagement 

and training needed for educators and at-risk 

populations, including minority groups.

Long-term costs of a tick-borne illness can be high 

and infection with some pathogens potentially life 

threatening (Zhang et al., 2006)—a potential liability 

for an employer. Although prevention information 

and recommendations are available from the 

National Institute of Occupational Safety and Health 

and many other sources, the Occupational Safety 

and Health Administration should have national 

workplace hazard assessment requirements or 

standards for employees in outdoor workplaces to 

address exposure to ticks and tick-borne pathogens. 

Implementing a robust employer tick disease and 

tick-bite prevention program—including training, 

policies and procedures, habitat awareness, high 

versus low tick density areas, personal protective 

equipment, and the use of the wide variety of 

repellants available—could significantly reduce 

employee exposure and potential employer liability, 

and convey confidence that protective measures are 

being taken. 

Previous tick-borne disease prevention educational 

efforts in the United States have shown some 

increased knowledge and use of personal protection 

measures against tick bites. However, in a national 

HealthStyles survey (Hook et al., 2015), a majority 

of respondents (51.2%) did not routinely utilize 

personal protections against tick bites, and few 

(10.7%) reported using yard pesticides to reduce 

ticks, despite 21% of respondents reporting that 

a household member was bitten by a tick the 

previous year. There are likely several barriers toward 

increased adoption of prevention measures despite 

previous education efforts because it is not well 

understood how prevention messages can increase 

use of personal prevention measures and whether 

the measures are used effectively (e.g., how often a 

protective action is taken, which parts of the body 

are protected, and how tick checks are conducted). 

Needed are additional studies to determine which 

types of messages are most effective in leading to 

behavioral change, including messaging that targets 
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underserved communities and different types of risk 

groups. Development of repellent formulations or 

preventatives that are easy to use and acceptable to 

the public could also increase usage.   

Big Picture Summary
The number and diversity of tick-borne infections in 

the United States have significantly increased, and 

several native and recently introduced exotic tick 

species are expanding their ranges in the United 

States, placing new human populations at risk for 

tick-borne pathogens. There is scant evidence that 

any current tick bite prevention and tick control tools 

reduce tick bites or human disease, even for tools 

proven effective in killing ticks. Although progress 

has been made to address the surveillance, ecology, 

and control recommendations in the 2018 and 2020  

Reports to Congress, gaps remain. The Working 

Group recommendations in this chapter address 

continued gaps in our knowledge of (a) the efficacy  

of existing bite and control strategies to prevent 

human disease and development of novel tick  

control methodologies; (b) the changing dynamics  

of tick expansion in distribution, their ecology,  

and associated tick-borne disease risks to select 

appropriate and effective tick bite prevention and 

control approaches, which includes the environmental, 

social, and occupational issues influencing adoption 

and use, or lack thereof, of measures to reduce tick 

bites and pathogen exposure; and (c) the barriers that 

exist in the development and commercialization of 

tick bite prevention and tick control products. The 

increasing numbers and diversity of ticks and tick-

borne infections in the United States call for increased 

support for the Working Group’s recommendations 

and a national strategy to better understand and 

address the threat of tick-borne diseases and 

associated illnesses.
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Chapter 5
Clinical Presentation  
and Pathogenesis

Recommendations
The following recommendations were developed by 

the co-chairs based on the six sections presented 

in the Clinical Presentation and Pathogenesis 

Subcommittee Report. These recommendations were 

approved in totality by the full Tick-Borne Disease 

Working Group at its April 2022 meeting. 

Recommendation 5.1: Support additional 
research on the mechanisms of pathogenesis 
of tick-borne disease, with a particular focus 
on central nervous system infection (including 
neuropsychiatric illness and neuropathic injury), 
persistent symptoms, allergy (Alpha-gal Syndrome), 
immunity, autoimmunity, pregnancy, and adverse 
fetal outcomes.

Rationale 

The underlying basis for persistent symptoms related 

to tick-borne or tick bite–associated disease is often 

poorly understood. Defining the precise mechanisms 

of pathogenesis is critical to ensure safe and effective 

treatment options for persons who suffer from these 

illnesses. 

Recommendation 5.2: Provide funding to 
support research investigating the prevalence of 
undetected tick-borne illness among subgroups of 
the population who may have multi-systemic chronic 
conditions (e.g., mental illness, musculoskeletal 
diseases, etc.) and who have been inadequately 
medically evaluated, including individuals in 
psychiatric facilities, prisons, homeless shelters, 

other populations experiencing health disparities or 
disabilities.

Rationale 

The full spectrum of clinical presentation for various 

tick-borne diseases is often poorly understood, 

especially for some of the less common diseases 

and particularly in persons and communities that are 

medically underserved. 

Recommendation 5.3: Require labeling of 
foods, products, beverages (including alcohol), 
cosmetics, and pharmaceuticals that contain non-
primate mammalian ingredients (active or inactive) 
and update the FDA’s Food Safety Modernization 
Act to incorporate Alpha-gal Syndrome (AGS) 
awareness training into the FDA’s “Retail Food 
Industry/Regulatory Assistance and Training” 
Program.

Rationale 

People who develop AGS may develop symptoms 

upon exposure to red meat and various mammalian 

products. In addition, many AGS sufferers must 

worry about medications, products, and cross-

contamination, which limits their daily lives.

Recommendation 5.4: Provide funding for 
studies, particularly prospective studies, that evaluate 
clinical similarities, mechanisms of pathogenesis, 
and common etiologies for long COVID and other 
infection-associated chronic illnesses, with tick-
associated chronic illness and/or persistent 
symptoms associated with tick-borne diseases.
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Rationale 

Many patients who have experienced SARS CoV-2 

infection report persistent symptoms, often including 

fatigue, post-exertional malaise, and cognitive 

impairment, among others. Given the array of 

overlapping symptoms, studies regarding the clinical 

similarities and common etiologies for long COVID 

and Lyme disease–associated chronic illness may 

provide insights into improved clinical management 

strategies.

Recommendation 5.5: Develop and maintain 
comprehensive biospecimen repositories (e.g., 
whole blood, sera, cerebrospinal fluid, maternal 
and fetal tissues and fluids, and autopsy specimens) 
for use in developing and/or improving diagnostic 
assays, both direct and indirect, and for research 
into transmission and pathogenesis, for broad 
applications including early diagnosis, distinction 
of current versus past infection, and for use in 
pregnancy and fetal outcome applications. 

Rationale 

A comprehensive biospecimen repository 

will provide a significant resource not only for 

developing improved diagnostic tests but also for 

the understanding of underlying mechanisms of 

pathogenesis and disease process, which is critical to 

developing improved therapeutics.

Background
Tick-borne diseases account for significant morbidity 

and mortality each year in the United States. Recent 

studies, based on insurance claims data, estimate 

that more than 476,000 Lyme disease cases are 

diagnosed and treated each year (Kugeler et al., 

2021). In addition to reported cases, each year deaths 

occur, primarily from Rocky Mountain spotted fever, 

Powassan virus encephalitis, and Lyme disease 

carditis (CDC, 2021d, 2021e, 2022b). In areas where 

tick-borne diseases are common, patients who 

present with classic symptoms often receive prompt 

diagnosis and effective treatment, leading to good 

clinical outcomes. Unfortunately, symptoms of tick-

borne diseases can be missed, and if ineffectively 

treated or left untreated, disease can progress to 

more serious illness with persistent and difficult-to-

treat symptoms, and even death. Consequently, early 

and accurate diagnosis and treatment are critical for 

successful clinical outcomes. 

Tick-borne diseases are increasing in the United 

States, both in annual case numbers and in 

geographic distribution (Beard et al., 2021). In 

addition to tick-borne infectious disease, there are 

emerging tick bite–associated conditions such as 

Galactose-alpha-1,3-galactose (Alpha-gal) Syndrome 

(AGS), which is triggered in the United States by the 

bite of the lone star tick, Amblyomma americanum. 

Recent studies indicate increasing trends in diagnosed 

cases in the United States, with the largest numbers 

of cases being reported across the central belt of the 

country, where the lone star tick is very common and 

frequently bites people (Binder et al., 2021). 

As increasing numbers of people are at risk for tick-

borne diseases, particularly in areas where these 

illnesses may not have been previously established. 

Prompt action must be taken to educate the public 

and health care community about changing patterns 

of risk. Health care providers must be equipped 

with state-of-the-science information on tick-borne 

diseases in order to provide accurate and timely 

diagnosis and treatment, thus minimizing the risk 

of more serious outcomes, including death. This 

information includes local risk of infection, range of 

clinical presentations, appropriate diagnostic tests 

and criteria, and safe and effective treatment options. 

This chapter examines the major challenges and 

priority needs associated with clinical presentation 

and pathogenesis of tick-borne illnesses in the United 

States, specifically in the following topic areas: 

•  mechanisms of pathogenesis including 

autoimmunity, latency, persistence, and 

reemergence 

• mental health 

• neurologic and neuropsychiatric manifestations   

• Alpha-gal Syndrome

• pregnancy and congenital infection 
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• lessons to be learned from long COVID 

• health equity  

Major Challenges and Issues
Mechanisms of Pathogenesis Including 
Autoimmunity, Latency, Persistence, and 
Reemergence

Several tick-borne disease pathogens have been 

newly recognized or distinguished, and the full 

spectrum of clinical presentation is incompletely 

understood. Symptoms can overlap with other 

illnesses, and to further complicate matters, co-

infection with more than one tick-borne pathogen 

is not uncommon. Complications arising from tick 

bites, such as AGS, are also increasingly recognized 

(Commins, 2020). Thus, new research is needed to 

define the clinical presentation and mechanisms of 

pathogenesis for these diverse tick-borne pathogens 

that can infect humans. Defining mechanisms of 

pathogenesis is critical because it opens avenues for 

therapy. For example, if severe initial infection leads 

to persistent symptoms, then early treatment and 

vaccination strategies aimed at preventing severe 

and/or disseminated disease are likely to be effective 

at reducing persistent symptoms. Alternatively, if 

autoimmunity plays a role, then immune modulating 

therapies may be able to ameliorate disease course.

Neuropsychiatric Lyme Disease and Mental 
Health Issues 

Although neuropsychiatric presentations of Lyme 

disease have been reported for more than three 

decades in the medical literature, rarely are the 

neuropsychiatric manifestations and mental health 

needs of Lyme disease described in medical 

textbooks or on government websites (Fallon & 

Nields, 1994; Kohler, 1990; Pachner, 1988). Lack of 

acknowledgement of this aspect of Lyme disease 

has led to delayed diagnosis and treatment, and in 

some cases severe long-term morbidity or, rarely, 

death due to suicide. These disparities are due, in 

part, to the reliance by clinicians on objective clinical 

signs described in the case definition for Lyme 

disease (e.g., erythema migrans, facial palsy, arthritis), 

resulting in a skewed knowledge base that does not 

include atypical presentations (Perea et al., 2020).  

Research into neuropsychiatric manifestations of 

Lyme disease has been largely confined to cognitive 

problems and depression, at the expense of other 

reported sequelae including anxiety, sleep disorders, 

psychosis, and sensory hyperacuities (Bransfield, 

2018).  In addition, issues related to methodological 

limitations such as small sample size, use of 

unvalidated measures, use of poorly specified criteria 

for the diagnosis of Lyme borreliosis, ascertainment 

bias, lack of an appropriate control group, reliance 

on clinical samples, lack of control for confounding 

variables, and lack of cross-sectional study designs 

have all played a role in perpetuating knowledge 

gaps and likely underdiagnosis of these conditions.  

Overcoming these methodological limitations has 

proven difficult for several reasons (e.g., lack of 

reliable diagnostics); however, two recent, large 

nationwide cohort studies using Danish registry 

data have endeavored to shore up the gap in the 

evidence base (Fallon et al., 2021; Tetens et al., 2021). 

Both retrospective cohort studies investigated the 

temporal association of Lyme disease diagnosis 

and subsequent mental health diagnoses as well as 

associated outcomes, including rates of psychiatric 

medication prescriptions in the year following 

neuroborreliosis diagnosis, increased risk of affective 

disorder, suicidal behavior, or death by suicide. While 

causation could not be concluded, the presence of 

both a dose-response relationship and a temporal 

relationship to the occurrence of mental disorders 

was found, increasing the likelihood of a causal 

relationship between Lyme borreliosis and mental 

disorders.

Early localized Lyme disease generally does not have 

significant psychiatric features. Among patients who 

have been diagnosed with Lyme disease at any stage, 

however, up to 30% of patients report persistent 

symptoms despite antibiotic treatment for Lyme 

disease, depending on the study. In patients with 

Lyme disease–associated chronic illness, cognitive 

and psychiatric features can be prominent and 
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Figure 15. Positron emission tomography scans of brains of persons 
with and without post-treatment Lyme disease syndrome.
Source: Coughlin et al., 2018.

disabling. Although suicide after diagnosis with Lyme 

disease is not common and the absolute risk is low, 

the rate in one of the Danish studies was increased 

by 75% among those with a hospital-based diagnosis 

of Lyme disease (Fallon et al., 2021). The period of 

greatest risk for mental disorders is the first year 

after hospital-based diagnosis, but the risk remains 

elevated for several years. The literature therefore 

supports the need for an increased recognition 

that Lyme disease can impact mental health and 

potentially contribute to suicide. Resources should 

be allocated for continued research into the 

mechanisms of pathogenesis (Recommendation 

5.1), and to characterize the prevalence of tick-borne 

illness in persons with mental health diagnoses 

(Recommendation 5.2). Clinical care delivery 

should be optimized at the point of diagnosis to 

prioritize mental health support and treatment 

(Recommendation 5.2).

Clinical Presentation and Pathogenesis of 
Allergy to Galactose-alpha-1,3-galactose 
(Alpha-gal Syndrome)

In the United States, the lone star tick is associated 

with AGS; however, researchers now know that the 

alpha-gal carbohydrate also exists in the black-

legged tick (Ixodes scapularis) (Crispell et al., 2019). 

Although Ixodes species have been associated 

with development of AGS in European patients, 

researchers have yet to explore the link in the United 

States. Both tick species are 

expanding their territory, and 

the reported cases of AGS are 

expanding as well (Binder et al., 

2021; Platts-Mills et al., 2018).  

The most common symptoms 

associated with AGS are 

gastrointestinal, integumentary 

(skin), and respiratory; 

however, recent research 

documents symptoms that 

range across all body systems 

(Table 2) and that vary from 

mild (e.g., rash, occasional 

headache, fatigue) to fatal (e.g., 

anaphylaxis, suicide from depression) (Platt & Merritt, 

2022). Symptoms of food allergies differ significantly, 

depending on the immune mechanism involved and 

the affected target organ (Anvari et al., 2019). Severe 

symptoms include shortness of breath, wheezing, and 

repetitive cough. Blood pressure may decrease, but 

in a subset of patients with AGS, their blood pressure 

increases during a reaction (Platt & Merritt, 2022). 

Some people with AGS are extremely sensitive and 

report dizziness and even loss of consciousness with 

minimal exposure. Neurologic symptoms include a 

feeling something bad is about to happen, anxiety, 

and confusion. Urticaria or hives are red, raised 

rashes that itch, but some patients with AGS report 

burning with the rash. Others report a feeling of 

internal itching. Gut symptoms include acute stomach 

or intestinal cramping and pain, nausea, vomiting, 

and severe diarrhea. Not everyone with AGS has a 

life-threatening reaction. The symptoms of AGS can 

be immediate or more commonly up to 3-8 hours 

after eating red meat or mammal ingredients such as 

“gummy bears and capsules (gelatin), medications 

(for example, heparin and thyroid hormone), 

bioprosthetics (for example, porcine heart valves), 

surgical mesh, select vaccines, and unlabeled ‘natural 

flavorings’ in countless foods” (Commins, 2016).

Public commenters often refer to the fear and 

frustration associated with AGS. Living with AGS 

extends far beyond simply avoiding the consumption 

of red meat. Many people must worry about 



49

Table 2. Alpha-gal Syndrome Patient-Reported 
Symptoms by Body System

Sources: Binder et al., 2022; Commins, 2020; Platt & Merritt, 2022.

Top Five Reported Systems/Symptoms:
DERMATOLOGICAL (skin): itching, flushing, hives/
welts/urticaria, rash, hot/dry skin, red/itchy/
watery eyes, swelling/angioedema

GASTROINTESTINAL: stomach pain/cramps, 
diarrhea, bloating, nausea, difficulty swallowing, 
tongue swelling/throat tightness, reflux

RESPIRATORY: trouble breathing/shortness of 
breath, wheezing, chest tightening/pain, itchy 
throat/ear canal, congestion, hoarse voice, 
coughing, anaphylaxis

CARDIOVASCULAR: lightheadedness/dizziness, 
rapid heartbeat, low blood pressure, irregular 
heart rate, weak pulse, low blood pressure

EMOTIONAL/BEHAVIORAL: anxiety, fatigue, 
headache/migraine, irritability, withdrawal from 
social/recreational activities, sleep disturbances, 
memory recall, panic, confusion, depression

Less Common But Also Reported Systems/
Symptoms:
GENITOURINARY: urine difficulty, irregular/heavy 
menstrual flow, abdominal cramping, swelling/
pain, reaction to bodily fluids

MOTOR (muscle): arm/leg weakness, clawing of 
toes, muscle cramping

NERVOUS (reflexes): fainting/loss of 
consciousness, abnormal sweating, weight 
change; tingling in mouth and extremities

medications, products, and cross-contamination, 

which limits their daily lives. In a recent survey, 

the five most common reactants were beef, pork, 

dairy, gelatin (usually in medications), and personal 

care products. While 25% of survey respondents 

experienced reactions 4-6 hours after exposure,  

7% indicated reactions within 0-5 minutes. Exposure 

routes included ingestion, topical, and inhalation. 

Approximately 25% of respondents continue to react 

once or more per month after diagnosis. The top 

autonomic (neurologic) symptoms include abnormal 

sweating and fainting. Greater than 60% reported 

anxiety along with a range of other mental health 

impacts (Platt & Merritt, 2022).  

The pathogenesis of Alpha-gal reactions involves 

being sensitized to Alpha-gal, which causes the 

immune system to respond upon subsequent 

exposures to the allergen. In a 2022 article, Carson 

et al. described the proposed immune mechanism 

for developing AGS. During feeding, ticks introduce 

Alpha-gal in their saliva, potentially along with 

disease-causing bacteria and other substances that 

may alter the host immune response. Tick feeding 

may trigger the production of chemicals (cytokines) 

that further promote an allergic response. The 

immune response to Alpha-gal may convert the 

antibody-producing cells (B cells) in some people  

to switch to produce IgE, the allergy antibody.   

Many patients indicate that they are not getting 

better despite months and even years of avoiding 

red meat and other mammal-derived ingredients. 

Other patients experience a period of latency 

followed by a return of symptoms after a new tick 

bite. Researchers have hypothesized that the allergic 

response to Alpha-gal may wane for some patients 

after several years; alternatively, there may be a state 

of “remission” given that additional tick bites can 

cause the allergy to recur (Commins, 2016; Commins 

et al., 2011; Khoury et al., 2018). For most patients, 

AGS appears to be a permanent condition. 

Pregnancy and Lyme Disease

Lyme disease and pregnancy is an issue of special 

concern and importance given that both mother and 

baby are at a particularly sensitive time for health  

and development. The Lyme disease bacteria,  

B. burgdorferi, can be transmitted vertically, from 

mother, across the placenta, to offspring. This 

alternate mode of transmission, albeit considered 

rare in humans, is acknowledged by the Centers 

for Disease Control and Prevention (CDC, 2020b), 

the National Institutes of Health (2008), and Health 

Canada (Government of Canada, 2022). CDC 

currently estimates that 476,000 people are infected 

with Lyme disease each year in the United States 

(CDC, 2022a); however, it is currently unknown what 



proportion of those diagnoses may occur in pregnant 

women and to what extent their pregnancy or 

developing fetus may be affected. 

Limited research into this alternate mode of 

transmission in the past 25 years has resulted in 

significant data gaps, as well as a lack of clinical 

guidance and resources for health care providers. 

Impacted patient populations often struggle to 

access appropriate diagnosis, treatment, and care 

(Gaudet et al., 2019). Given the lack of high-quality, 

reproducible clinical and epidemiologic research on 

this topic, a standardized definition for congenital 

Lyme infection has not been established.  

Despite previous research into Lyme disease and 

pregnancy involving animals and humans, several 

questions regarding occurrence and pathogenesis 

are yet to be answered. Past studies have been 

limited by generalizability issues, small sample sizes, 

inappropriate or no control groups, and limited 

laboratory evidence. Neither a causal association 

between gestational Lyme disease and specific 

adverse pregnancy outcomes nor a homogeneous 

congenital syndrome in exposed infants has been 

identified (Waddell et al., 2018).  However, in many 

larger studies, B. burgdorferi–specific direct detection 

methodologies were not utilized to test exposed 

infants, placentas, products of conception, and/or 

autopsy specimens, resulting in lack of data to assess 

or determine a possible teratogenic effect or causal 

association. 

Significant data gaps remain regarding how Lyme 

disease can impact pregnancy. There are questions 

about diagnostic sensitivity and effective treatment 

approaches in both mother and baby. Very little 

information exists on the potential for long-term 

health impacts of babies born to mothers with 

gestational Lyme disease. There is a need for better 

education of clinical communities and dedicated 

funding for research in this area. 

In the 2020 Report to Congress, the Working Group 

considered the issue of maternal-fetal transmission  

of Lyme disease and congenital Lyme disease. The 

committee recommended that funding be provided 

for a registry and for more studies to determine the 

extent of maternal-fetal transmission of Lyme disease 

and of any congenital Lyme disease (Tick-Borne 

Disease Working Group, 2020, Recommendation 

8.3). Since that time, CDC has begun efforts to 

understand the incidence and impact of Lyme 

disease during pregnancy. However, much remains  

to be investigated to clarify the occurrence of 

congenital infection and the pathogenesis 

associated with B. burgdorferi infection during 

pregnancy. Significant information could be gained 

from prospective epidemiologic studies 

(Recommendation 5.1). 

The development of evidence-

based interim clinical guidelines 

for Lyme disease in pregnancy are 

needed and could provide health 

care practitioners with resources and 

guidance in several important areas. 

These include (a) clinical evaluation 

and treatment of Lyme disease in 

pregnant persons; (b) evaluation of 

the fetus in pregnant persons with 

a Lyme disease diagnosis during 

pregnancy; (c) clinical evaluation and 

testing of infants born to persons 

diagnosed with Lyme disease during 

pregnancy; (d) recommended 

long-term follow-up for infants with 

50
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“Rhi-
sa Parera

Britta Cruz
My journey started in June of 2019 a few weeks after a tick bite, 
and despite going to the doctor equipped with the knowledge that 
I had a tick bite and that my sudden onset symptoms were out of 

character for my health status it took almost three years and five 
doctors to finally receive a diagnosis. My daughter, 14, an equestrian 

also developed AGS in 2021. I diagnosed her strictly by symptoms and had a 
blood test to confirm the diagnosis. Her course has been very different simply because she 
had a person at her side that was knowledgeable about the disease. There is no reason 
doctors should be uneducated about the topic. It is not a rare disease. In our small 
rural community at least a handful of friends have alpha-gal!  

possible congenital Lyme disease infection; and 

(e) recommendations for histological examination/

testing of placenta, umbilical cord, and/or products 

of conception or other autopsy samples. All of these 

guidelines could be updated with the emergence of 

new research or clinical findings. 

Detailed clinical investigation and research 

collaboration that is aligned with patient-centric 

study design (Largent et al., 2018) will better define 

appropriate diagnostics and therapeutics, as well as 

inform clinical education and management of both 

the exposed mother and baby, ultimately providing 

much needed medical care, support, and hope for 

impacted families. It will also provide more clarity 

around the incidence, clinical spectrum, and potential 

long-term health consequences of infants exposed to 

Lyme disease in utero.  

Clinical Comparisons of Long COVID and 
Lyme Disease to Elucidate Mechanisms of 
Disease

Many patients who have experienced a SARS CoV-2 

infection report persistent symptoms that are highly 

debilitating and of unclear etiopathogenesis, 

referred to here as long COVID. Longitudinal studies 

published to date have suggested a range of 7-22% 

of confirmed COVID-19 patients continue to have 

symptoms past 28 days (Chevinsky et al., 2021; Sudre 

et al., 2021; Wanga et al., 2021). These symptoms 

include fatigue, post-exertional malaise, and cognitive 

impairment, among others. One prospective study 

evaluated a cohort of adults hospitalized due to 

COVID-19 and compared long-term outcomes to 

controls (non-COVID-19 participants) matched on 

age, sex, and comorbidities (Huang et al., 2021). At  

12 months, COVID-19 survivors had more symptoms, 

including problems with mobility, pain, or anxiety or 

depression, compared with controls. Moreover, the 

odds of specific long COVID symptoms (e.g., fatigue 

or muscle weakness, anxiety or depression, and 

pulmonary function impairment) were higher among 

women than men.  

Long COVID is generally thought to be caused 

by either long-term damage to tissues (e.g., lung, 

brain, and heart) or pathological inflammation (e.g., 

from viral persistence, immune dysregulation, and 

autoimmunity) (Yong, 2021). Risk factors associated 

with development of long COVID are not yet clear. 

However, preliminary studies suggest that age, 

female sex, number or severity of early symptoms, 

and some pre-existing conditions may be associated 
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with an increased likelihood of developing this 

condition (Yong, 2021).

The most common persisting symptoms of long 

COVID are also frequently reported in patients 

diagnosed with Lyme disease and other tick-

borne illnesses. The clinical burden of long COVID 

continues to increase as the COVID-19 pandemic 

continues. Current studies on long COVID are leading 

to improved understanding and awareness among 

clinicians regarding the incidence and severity 

of infection-associated chronic illness. Already, 

significant financial and scientific resources are being 

devoted to evaluating the etiologies of long COVID, 

as well as the management of this disease. Studies to 

evaluate clinical similarities and common etiologies 

for long COVID and for other infection-associated 

chronic illnesses may provide insights into improved 

clinical management of patients with tick bite–

associated chronic illness, including Lyme disease–

associated chronic illness. These observations are  

the basis for recommendation 5.4 in this report.

Health Equity Concerns 

An understanding of the clinical presentation and 

pathogenesis of tick-borne diseases is an essential 

step to ensuring that patients receive optimum care. 

Yet a review of the literature shows scant evidence 

of tick-borne disease research and little written or 

pictorial representation of the clinical presentation 

and pathogenesis in Black, Indigenous, and persons 

of color and other underserved groups. In addition, 

the absence of reported incidence of tick-borne 

diseases in these groups adversely impacts the ability 

to determine accurate information about clinical 

presentation. The disparate evidence of presentation 

in underserved groups directly influences the ability 

of clinicians and researchers to study and learn about 

pathogenesis in these populations.

According to CDC, structural determinants are 

defined as “processes and policies that lead to 

unfair practices, such as inequitable distribution of 

funding across communities. Social Determinants of 

Health (SDOH) include health, income, employment, 

housing, environment quality, education, 

transportation, etc.” (CDC, 2021a; U.S. Department 

of Health and Human Services, 2022). These barriers 

are contributing factors to challenges that patients 

experience such as delayed or improper diagnosis, 

exacerbation of symptoms, protracted treatment-

chronicity, mental health issues, disability, and 

even death. Consequently, structural and social 

determinants of inequity lead to individual- and 

community-level disparities that further complicate 

the tick-borne disease patient experience.

The foundational challenge for health equity in 

persons with tick-borne diseases and associated 

illnesses is the overall lack of data for all populations 

defined in the Executive Order on Advancing Racial 

Equity and Support for Underserved Communities 

Through the Federal Government (The White House, 

2021). Improved data will allow researchers to better 

understand disease incidence and prevalence in 

underserved groups. Accordingly, improvements  

can take place in clinical presentation and 

pathogenesis. An improved understanding of the 

clinical presentation and pathogenesis of tick-borne 

diseases will support patients in underserved groups 

in receiving improved care. These findings provide 

the basis for Recommendation 5.2.   

Big Picture Summary
Increasing numbers of people are at risk for tick-

borne diseases each year in the United States, 

particularly in areas where these illnesses may not 

have been previously established. Efforts are badly 

needed to increase the awareness, both of health 

care workers and the public, regarding the changing 

patterns of risk. Health care providers must be able to 

apply the appropriate diagnostic procedures and 

therapeutic options and to recognize and treat 

tick-borne illness in the full range of clinical 

presentations, thus minimizing the risk of more 

serious outcomes, including death. Additional 

research is badly needed to better understand the 

pathogenesis of tick-borne illness so that safe and 

effective treatment is available for all. 
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Chapter 6
Diagnostics

Recommendations Diagnostics
Recommendation 6.1: Convene a panel of 
stakeholders and experts in tick-borne disease 
diagnostics, including but not limited to researchers, 
government, investors, small businesses, large 
clinical labs, patient advocates, and diagnostics 
companies, with the goal of promoting the 
evaluation and development of current and 
promising new diagnostic approaches.  

Rationale

This priority will serve to engage all stakeholders 

in promoting new technologies and promising 

candidate diagnostic tests for tick-borne diseases and 

associated illnesses. 

Recommendation 6.2: Recommend increases 
in federal funding (CDC or NIH) to: (1) build a 
national biorepository of human clinical specimens 
for tick-borne disease supported by a national 
network of qualified labs and physician clinics; 
and (2) build a clinical and translational research 
program involving a network of clinical and 
academic centers.  

Rationale

Samples that broadly reflect the patient populations 

and disease manifestations and are accompanied 

by thorough clinical case descriptions are needed to 

adequately assess diagnostic test performance. 

Recommendation 6.3: Provide federal 
support for tick-borne-disease diagnostics through 
an innovation pipeline with direct Congressional 
appropriations for a tick-borne-disease innovation 
accelerator and system that provides targeted 
funding opportunities, use authorization, lab-to-
market commercialization, and implementation via 
relevant federal agencies. 

Rationale

The Working Group’s Diagnostics Subcommittee did 

not find an absence of new technologies or interest in 

tick-borne disease diagnostics; rather the investment 

in the future of these tests is a major gap hindering 

the transition of novel research findings to improved 

patient outcomes.  

Background
Lyme disease and associated tick-borne infections 

currently constitute a public health crisis. In North 

America alone, the number of persons who are 

diagnosed with Lyme disease annually is estimated 

to be near half a million (CDC, 2021c; Kugeler et al., 

2021). Compounding the public health significance 

is the high rate of other tick-borne infections and co-

infections, such as Babesia parasites, multiple species 

of Anaplasma, Ehrlichia, and Rickettsia bacteria, and 

several viruses. In addition, the role of Bartonella sp. 

bacteria in complex tick-borne disease warrants 

further research. Given the limited sensitivity of the 

most widely used diagnostic test for Lyme disease, 

the two-tier serologic test, new diagnostic tests are 

critically needed. 



While the two-tier test’s lack of sensitivity in early 

infection is well established, sensitivity in later disease 

is also less than ideal (Logigian et al., 1999); therefore, 

the need for testing accuracy at all stages of disease 

is of the highest priority. Major challenges include 

the paucity of bacteria in the blood and other body 

fluids and variable antibody responses to infection, 

including possible seronegativity due to the capacity 

of Borrelia burgdorferi to suppress immune responses 

(Dattwyler et al., 1988; Tracy & Baumgarth, 2017).  

Many new technologies have been applied to 

diagnostic testing for Lyme disease, and promising 

new assays are on the horizon. These tests fall under 

the categories of direct, indirect, and biomarker 

detection (Figure 16). The new developments include 

improvements to serologic tests, sensitive molecular 

detection, and “omics” approaches such as 

metabolomics and immune profiles. Opportunities 

for personalized medicine include host genetic 

analyses and prognostic indicators of disease or 

response to treatment. 

Because early diagnosis of Lyme disease and other 

tick-borne diseases clearly results in improved 

outcomes, the investment in diagnostic testing  

should include increases in targeted federal funding, 

improvements in the product development pipeline, 

and access to adequate patient samples for validation 

of novel diagnostic tests. The federal government 

should pursue multiple avenues—a multi-pronged 

strategy with coordinated efforts across the U.S. 

Department of Health and Human Services (HHS), 

Food and Drug Administration (FDA), National 

Institutes of Health (NIH), the Centers of Disease 

Control and Prevention (CDC), and all sectors—to 

develop novel diagnostic tests and move new 

diagnostics to market as quickly as possible.  

Critical to advancing diagnostic solutions for 

established and emerging tick-borne diseases is a 

better understanding of the diagnostic tools currently 

available and new technologies and approaches 

currently in development. To generate the content  

for this chapter, the Working Group’s Diagnostics 

Subcommittee considered the current knowledge of 

risk factors for pathobiology of tick-borne pathogens, 

disease pathogenesis, approaches to establishing 

evidence of infection in patients, and the increased 

number of tick-borne diseases cases in the United 

States. The subcommittee assessed the state of 

diagnostic science and commercial offerings, identified 

current and future strategies for increasing the 

sensitivity and specificity of detection, and examined 

barriers to the development and commercialization  

of diagnostic technologies and approaches. The 

subcommittee’s work is synthesized in this chapter, 

which builds on the previous Working Group reports 

and recommendations. 

Figure 16. Diagnostic strategies for tick-borne infections.
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The 2018 and 2020 Reports to Congress 

Gaps in the ability to diagnose and detect tick-borne 

diseases were also addressed in both the 2018 and 

2020 Tick-Borne Disease Working Group Reports to 

Congress. The 2018 report recommended increased 

federal investment to evaluate new technologies or 

approaches for the diagnosis of Lyme disease and 

other tick-borne diseases and to include special 

populations, especially children, in diagnostic studies. 

The report argued that including diagnostic test 

development and implementation as part of the 

federal response would decrease the number of 

missed diagnoses and reduce the number of people 

who have short- and long-term negative health 

effects due to untreated infections. Including 

pediatric patients and other under-represented 

patient populations in studies would help ensure  

that diagnostic tools for Lyme disease and other 

tick-borne diseases are appropriate for these 

populations. The 2020 Report to Congress 

emphasized the need for investment to develop 

diagnostic tests to detect and differentiate acute 

rickettsial, ehrlichial, and anaplasmal infections as 

well as the broader range of tick-borne illnesses, 

including tick-borne relapsing fever and Powassan 

virus. In particular, the need for better diagnostic 

tools, clinical guidance, and surveillance for Alpha-gal 

Syndrome was emphasized. Investment in all of these 

diagnostics would enable early diagnosis and 

intervention.  

Diagnostic Testing for Multiple Tick-Borne 
Diseases and the Potential for Serodiagnostic 
Test Improvement

Serologic assays (enzyme-linked immunosorbent 

assays [ELISAs] and western blots) that detect 

Borrelia-specific antibodies have become the 

standard tests used to diagnose Lyme disease.  

In typical infections, antibodies (immunoglobulins,  

or Ig) begin as immature isotype M antibodies (IgM) 

and then become more specific isotype G (IgG) 

antibodies. Following infection, IgG antibodies 

usually develop within 28 days, but some may take  

as long as 6 weeks. Tests currently accepted for 

diagnosis of Lyme disease are (a) the standard  

two-tier test (STTT), consisting of an ELISA with 

confirmatory western blot, and (b) the modified 

two-tier test (MTTT), consisting of a multi-antigen 

ELISA followed by a single antigen (C6) or other 

multi-antigen ELISA (Branda et al., 2011; Mead et al., 

2019). Challenges to the reliability of these tests are 

the variable antibody responses among infected 

individuals, unusual persistence of the IgM response, 

and delay in detectable IgG levels, which reduce 

sensitivity of serological tests in early-stage Lyme 

disease.  

The blacklegged tick (Ixodes spp.), also called the 

deer tick, is the most medically important arthropod 

in the United States in terms of the pathogens 

transmitted. In addition to Lyme disease, at least  

four other serious illnesses are caused by infectious 

agents transmitted by this tick vector. These include 

babesiosis, anaplasmosis, B. miyamotoi infection, and 

Powassan virus infection, any of which may be severe 

or fatal in compromised hosts. Diagnostic testing  

for these illnesses is only available from a limited 

number of clinical laboratories, and methods are not 

standardized, partly owing to the absence of assays 

cleared by FDA for any of these infections. The 

strengths and limitations of available testing specific 

to each infection are presented in Text Box 1. Other 

medically important ticks include the American  

dog tick (Dermacentor variabilis), lone star tick 

(Amblyomma americanum), Gulf Coast tick  

(A. maculatum), and numerous others. Diagnosis of 

the myriad infections vectored by these ticks involves 

similar challenges as those enumerated in Text Box 1 

for the blacklegged tick.
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Babesia spp. (babesiosis) 

Agent Description

Blood-borne protozoan parasite. Infects red  
blood cells.

Recommended Diagnostic Testing 

Direct detection in peripheral blood using nucleic 
acid amplification tests (NAATs) or blood smear 
examination. Serologic testing is occasionally 
indicated instead or in addition. The standard 
method is indirect fluorescent antibody (IFA) 
testing using whole parasite antigen.

Strengths

Direct detection methods are sensitive and specific.

Limitations

NAATs may not detect all relevant Babesia spp., 
depending on assay design. NAATs may remain 
positive for months or years after appropriate 
therapy and symptom resolution. Blood smear 
examination requires a skilled microscopist and  
is time consuming and labor intensive. Serologic 
testing cannot reliably distinguish active from past 
infection using single-sample analysis, and may  
not detect antibodies directed against all relevant 
species. 

Needs

•  Commercially available NAAT kits cleared by the 
U.S. Food and Drug Administration.

•  Develop single tests capable of detecting all 
relevant species.

•  Develop assays that can confirm disease 
eradication in compromised hosts after therapy.

 
Anaplasma phagocytophilum 
(anaplasmosis) 

Agent Description

Intracellular bacterium targeting granulocytes. 

Recommended Diagnostic Testing 

Direct detection in peripheral blood with NAATs or 
smear examination, and/or serologic testing using 
IFA performed on paired (acute- and convalescent-
phase) samples. 

Strengths 

NAATs are sensitive when applied early during  
the course of infection and before initiation of 
antimicrobial therapy. Paired serology is a sensitive 
confirmatory method to establish the diagnosis 
retrospectively in the convalescent phase of illness.

Limitations 

NAAT sensitivity declines after first few weeks of 
infection and after initiation of antimicrobial 
therapy. Serologic test sensitivity is poor at the time 
of initial clinical presentation. A single positive 
serologic test result does not reliably distinguish 
active from past infection. 

Needs 

•  Determine optimal molecular and serologic assay 
designs.

•  Determine best diagnostic testing method at 
timepoints throughout the course of infection.

•  Develop direct detection assays with high 
sensitivity throughout the period of active 
infection.

•  Develop serologic tests that can differentiate 
active from past infection using single sample 
analysis.

Borrelia miyamotoi (tick-borne 
relapsing fever) 

Agent Description

Relapsing fever spirochete causing blood-borne 
infection and meningoencephalitis. 

Recommended Diagnostic Testing 

Direct detection in blood or cerebrospinal fluid 
using NAATs and/or serologic testing of paired 
samples using GlpQ enzyme-linked immunosorbent 
assay (ELISA) and/or western blot.

Strengths 

NAATs are highly specific and have high analytical 
sensitivity. GlpQ serology does not cross-react in 
patients with B. burgdorferi infection. 

Text Box 1. Diagnosis of Infections Transmitted by Blacklegged Ticks



57

Limitations 

The possibility of a false negative result in the early 
days to weeks of infection and inability of a single 
positive test to distinguish active from past 
infection necessitate analysis of paired samples 
when serologic testing is used for clinical diagnosis 
and the initial test is negative. Existing serologic 
tests are non-quantitative and do not provide a 
titer. The clinical performance characteristics of 
NAATs and serologic tests for B. miyamotoi 
infection are incompletely understood.

Needs 

•  Determine optimal molecular and serologic assay 
designs.

•  Determine best diagnostic testing method at 
timepoints throughout the course of infection.

Powassan virus 

Agent Description 

Tick-borne flavivirus causing viremia and 
meningoencephalitis. 

Recommended Diagnostic Testing 

Direct detection in blood or cerebrospinal fluid 
using NAATs, and/or serologic testing.  

Strengths 

NAATs are highly specific and have high analytical 
sensitivity. The standard serologic method, plaque 
reduction neutralization testing (PRNT), is highly 
specific. Clinical sensitivity of either method is 
incompletely understood.

Limitations 

No single method is optimal at all clinical 
timepoints, necessitating use of both NAATs and 
serologic tests in most cases. Reactivity in the PRNT 
assay may lag behind ELISA positivity, yet ELISAs 
are inadequately specific to stand alone without 
PRNT confirmation or demonstrated fourfold 
change in antibody titer using paired samples. 
PRNT is slow and labor-intensive, requires extensive 
experience, and is risky for the lab worker.

Needs 

•  Determine optimal molecular and serologic assay 
designs.

•  Determine best diagnostic testing method at 
timepoints throughout the course of infection.

•  Develop quantitative stand-alone serologic 
assays on convenient platforms.

•  Biomarker discovery (protein antigen detection 
or indirect markers) to detect cases that may be 
missed by NAATs and serologic tests.

Sources: Krause et al., 2021; Madison-Angenucci et al., 2020; Wormser et al., 2006.

Text Box 1. Diagnosis of Infections Transmitted by Blacklegged Ticks (continued)

Opportunities include the use of serologic tests for 

diagnosis at later stages of disease, improvement of 

early test sensitivity with combined IgM/IgG testing, 

and identification of antigen targets that induce 

the earliest antibody responses. Some evidence 

also indicates that broader antibody responses are 

predictive of antibiotic treatment efficacy (Blum et al., 

2018). New cytometric bead-based assays utilizing 

borrelial peptides or whole proteins hold the promise 

of improving serodiagnostics beyond STTT and 

MTTT (Radtke et al., 2021). Recent evidence indicates 

that autoantibodies targeting phospholipid antigens 

arise in early Lyme disease and may offer more 

sensitive detection than STTT (Gwynne et al., 2022). 

Given the high prevalence of multiple pathogens 

in ticks, an opportunity exists not only in improving 

diagnostic tests for all tick-borne diseases, but also in 

testing ticks for specific pathogens post-exposure.  

Vector Testing for Endemicity and Patient 
Exposure  

An underutilized and often overlooked tool in the 

diagnostic toolbox is testing of the ticks themselves. 

Unlike mosquitoes, which bite quickly and then 

disperse, ticks may remain attached for up to 1 week 

to feed. This provides an opportunity to find and 
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remove the tick before it has completed a blood 

meal. Through passive surveillance programs, 

experts can identify these medically relevant ticks and 

test them for pathogens to aid clinicians in arriving 

at a clinical diagnosis should symptoms occur. Tick 

identification can be complicated, so a layperson or 

even a clinician can easily misidentify a tick and draw 

incorrect conclusions about which diseases may be 

associated with that tick bite (Kopsco et al., 2021). Tick 

identification can be improved with specific training 

of health care professionals (Butler et al., 2017). Direct 

molecular testing, such as polymerase chain reaction 

(PCR), can be used to detect viral and bacterial 

pathogens inside the tick. These pathogens can be 

abundant in the ticks themselves and are generally 

much easier to detect in the tick than in the host. 

Different pathogens are also transmitted from the 

tick to the host at different rates; engorgement status 

can be used to assess how long the tick has been 

attached and thus provide clues about the likelihood 

of pathogen transmission.  

Among other groups, local and state health 

departments, Department of Defense programs, and 

university-affiliated labs have established successful 

tick testing services, which provide medically relevant 

information to tick-bite victims and their health care 

providers. These passive surveillance programs are 

also sources of a wealth of information regarding 

prevalence and distribution of ticks and tick-borne 

pathogens, especially as they change in response 

to shifting climate and urbanization. In combination 

with the published results of active surveillance, these 

datasets provide critical context to clinical decision-

makers so that emerging and endemic diseases are 

appropriately considered when making a diagnosis. 

The capacity to conduct these testing programs 

free of charge is largely limited by inconsistent 

funding (Mader et al., 2021). For maximum efficacy, 

these passive surveillance programs should be 

widespread, subsidized, and held to high-quality 

testing standards, such as confirming multiple genes 

for each pathogen or sequence-confirming results. 

Further, results must be confirmed quickly to aid in 

prompt diagnosis and should include information 

about the relative risk of infection attributed to that 

specific bite (CDC, 2021f). Marrying conscientious 

tick testing programs with other diagnostic tools 

provides an opportunity to identify at-risk individuals 

before disease sets in and thus should be considered 

a useful component of personalized medicine for tick-

borne diseases and associated illnesses.

“Omics” Approaches    

The application of “omics” approaches, which 

broadly fall under the headings of genomics, 

transcriptomics, proteomics, and metabolomics, 

has been promoted as a potential approach to the 

development of improved diagnostics for infectious 

diseases, including Lyme disease. The power in 

these approaches centers on their ability to capture 

large quantities of molecular or biochemical data in 

an unbiased and untargeted manner. The primary 

concept behind the use of omics approaches is that 

unbiased omics data collection of specific molecular 

feature types (e.g., proteins, transcripts, or small 

molecules) can be exploited by machine learning 

and other computational approaches to define a 

minimal signature of host molecules that serves as a 

diagnostic biomarker of specific tick-borne infectious 

diseases. Further, the defined set of molecules that 

comprise the diagnostic biomarker can be measured 

using existing clinical laboratory technologies or 

emerging technologies that are tractable for clinical 

applications. In some cases, an omics technology 

or approach could possibly be utilized for direct 

detection of the infecting pathogen. Examples of 

this technology include metagenomic sequencing to 

detect pathogen genetic material or targeted/semi-

targeted proteomics to detect pathogen-specific 

proteins or peptides.   

A wide variety of omics approaches have been 

investigated for use as potential platforms for 

tick-borne infectious disease diagnostics or to 

select panels of features that serve as diagnostic 

biomarkers. These approaches includes 

transcriptomics (Bouquet et al., 2016; Petzke et al., 

2020), multiple proteomics approaches (Douglas 

et al., 2011; Magni et al., 2015, 2020), metabolomics 

(Fitzgerald et al., 2020, 2021; Molins et al., 2015, 

2017; Pegalajar-Jurado, 2018), and metagenomic 
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sequencing (Kehoe et al., 2022; Pritt, 2021). The use of 

machine learning to discriminate Lyme disease from 

other diagnoses has been employed with biomarker 

selection and clinical diagnosis, with the possibility 

of application to host signature-based diagnoses 

(Burlina et al., 2019; Joung et al., 2020; Kehoe et al., 

2022; Radtke et al., 2021; Tran et al., 2021). Most of 

these studies have been directed at Lyme disease, 

and most have served as proof of concept for their 

use. In at least one case, a specific proteomics 

approach is being applied as a Clinical Laboratory 

Improvement Amendments (CLIA)-based diagnostic 

assay for Lyme disease (Magni et al., 2015).

Sensitive Molecular Testing for Direct 
Detection

An alternative to serology is testing aimed at direct 

detection of the pathogen. Direct detection tests 

have historically been performed using molecular 

assays such as PCR. These approaches have several 

advantages over serology: direct detection identifies 

an active infection; no lag period is necessary for the 

development of an antibody response; and multiplex 

assays have the capacity to test for more than one 

agent. However, molecular testing has not been 

useful for the diagnosis of Lyme disease, primarily 

because of transient and limited quantity of bacteria 

in blood.  

Within the past decade, the advent and widespread 

implementation of next-generation sequencing (NGS) 

has provided a unique opportunity to overcome the 

previous limitations of molecular testing. Unbiased 

NGS detection tests facilitate simultaneous detection 

of all agents in a clinical sample, while employment 

of agent-specific oligonucleotide probes for 

enrichment of desired nucleic acids vastly improves 

assay sensitivity and provides a detection capability 

far superior to PCR (Briese et al., 2015). Specifically, a 

capture sequencing assay for 11 of the most common 

tick-borne pathogens has been developed (Jain et al., 

2021).  In addition, technological advancements have 

resulted in a decrease in costs, labor, and length of 

time required for NGS data generation and analyses 

(Gu et al., 2021). The development of portable 

sequencers has created the potential to establish 

NGS as a field-deployable frontline platform, and 

perhaps even as point-of-care testing in the future 

(Smith et al., 2020). 

The development and recent application of droplet 

digital PCR (ddPCR) also offers strong potential for 

overcoming the limitations and low sensitivity of 

PCR testing, especially in combination with sample 

enrichment methods (King et al., 2017; Maggi 

et al., 2020, 2021; Wilson et al., 2015). Although 

currently quite high, the costs of ddPCR equipment 

and reagent will decrease over time as clinical 

applications increase, regulatory standards are 

established, and insurance reimbursements are 

determined. Recent advances in ddPCR technology 

could provide additional affordability in the form of 

multiplex assays in which multiple infections could  

be confirmed in a single patient sample (Maggi  

et al., 2021).

Opportunities for Personalized Medicine

Personalized medicine can be provided in many 

forms. Tick-borne diseases, with their variance in 

response to infection and disease presentation 

between individuals, provide an opportune example 

of the application of personalized medicine. Here, 

personalized medicine may take the forms of 

prognostic indicators of disease resolution and 

antibiotic efficacy, determination of genetic 

predisposition for specific manifestations of  

disease, and immune correlates of acute versus 

chronic disease.  

One example of the use of genomics as a support 

tool for clinicians comes from work with autism 

spectrum disorders. Through analyses of single 

nucleotide polymorphisms (SNPs), deletions, or 

mutations in a patient’s genes, information can be 

gleaned from the affected metabolic, developmental, 

or immunologic pathways (Way et al., 2021). The 

affected genes can then be modulated with natural 

or synthetic therapeutics to provide balance in the 

pathways leading to disease or dysfunction. Although 

much remains to be learned of how genomics can 

inform treatment for Lyme disease and other tick-

borne diseases, the association has been made 



between variation (a specific combination of SNPs) 

in the ABCB1 transporter gene and development of 

post-treatment Lyme disease (PTLD) (Lyon & Seung, 

2019). Regarding immune function, SNPs of toll-like 

receptors and interleukin-6 promoter have also been 

linked to persistent symptomatology and disease 

(Hein et al., 2019; Strle et al., 2012).  

Another example of research to enable personalized 

medicine includes the identification of biomarkers 

for disease states. In one study, chemokines and 

cytokines in the serum of patients were quantified 

in a multiplex platform, demonstrating differences 

that correlated with disease states. Specifically, 

elevation in the chemokine CCL19 after treatment of 

early Lyme disease has been associated with the later 

development of PTLD (Aucott et al., 2016; Soloski 

et al., 2014). A hindrance to the broad application 

of these findings to new diagnostic tests is the small 

sample sizes used to generate the data. Increased 

funding and human sample availability would help 

to bolster the translation of such novel findings into 

commercialized tests.

Current Availability of Patient Samples for 
Testing and Validation

Well-characterized human biologic samples are 

vital for conducting research, particularly when 

developing and validating diagnostic tests for tick-

borne diseases and associated illnesses. When 

performing assays, test developers must know the 

following information associated with the patient 

samples collected: signs and symptoms of disease 

and other relevant health history; what biologic 

materials were collected; when these materials  

were collected in the course of disease; how samples 

were processed and stored; and how samples where 

characterized, including any PCR, serology, or other 

laboratory testing that was performed.  

In addition to diagnostic test developers and 

researchers, well-characterized sample repositories 

also benefit medical providers, patients, and the 

greater public at risk for Lyme disease (Molins et al., 

2014). Currently, three established Lyme disease 

repositories exist: the CDC Lyme Serum Repository 

Alex Hudson
Alex Hudson experienced years of 
symptoms before being diagnosed  
with Lyme disease in 2017. Her mother, 
Jody, has spoken about the difficulty  
of finding a proper diagnosis and 
treatment for Alex: “I couldn’t look  
my child in the eye and explain [that] 
doctors simply didn’t understand 
her disease. There were no more 
hospitals to be admitted to, no more 
doctors to reach out to, and no more 
answers to our questions. There was 
nothing more that I could do to help  
my child. As a mother, I was supposed 
to fix things. But I couldn’t fix this.” 
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Figure 17. Diagnostic test development pipeline with the commercialization pathway.
Source: Adapted from Lai-Goldman & Faruki, 2008. 

(Molins et al., 2014), the Lyme Disease Biobank 

(Horn et al., 2020), and the Study of Lyme disease 

Immunology and Clinical Events (SLICE) at the Johns 

Hopkins Lyme Disease Research Center (Rebman 

et al., 2015). Further, some investigators maintain 

their own sample collections. Each biorepository 

has distinct inclusion/exclusion and sample 

characterization criteria. Although well-characterized 

Lyme disease patient samples are available, they 

must be replenished as they are used by investigators 

working on Lyme disease. For other tick-borne 

diseases, extremely limited well-characterized 

samples are available, particularly for the more 

rare pathogens, such as Powassan, Bourbon, and 

Heartland viruses.   

Challenges to Novel Test Commercialization   

Commercialization of diagnostics through the current 

regulatory review (CLIA for lab-developed tests and 

FDA for medical devices; Testing.com, 2021a, 2021b2) 

and test adoption are a part of a complicated process 

that is fraught with obstacles. This process involves 

many steps, including clinical research, publication 

in medical guidelines, physician education, and 

verification of insurance coverage. Moreover, the 

process is prohibitively expensive with considerable 

economic disincentives for investors (Faruki & Lai-

Goldman, 2010). Time to sustainable market adoption 

can take decades, and costs range from $31 million to 

$94 million per test application (Kirsch, 2019) with no 

guarantee of a return on investment (Figure 17).
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Importantly, the United States already faces a 

shortage of testing innovations, and calls for stricter 

regulation, such as the Verifying Accurate, Leading-

edge IVCT Development (VALID) Act, could further 

interfere with access to new and better testing (Shirts, 

2020). At this time, the FDA approval pathway is 

especially challenging for new and rare diseases, 

including many tick-borne diseases, for which the 

market size may not justify the investment and for 

which test designs must remain customizable or 

flexible.  

Prior Working Group reports called specifically 

for development of FDA-approved tests, but not 

all tests are suitable for scale as a medical device 

(i.e., in vitro diagnostics or test kits) or testing 

equipment. Historically, the bulk of clinical testing 

in the United States has occurred in the category of 

lab-developed tests (Pew, 2021). FDA sometimes 

reviews and certifies lab-developed tests, but 

this activity is not common and can significantly 

increase commercialization costs. The lab-developed 

test pathway enables the development and 

commercialization of laboratory testing as a service 

in which clinicians interpret the results. However, this 

regulatory path to market presents its own challenges 

in terms of variable levels of published scientific 

evidence for new test methods, the need for clinician 

and patient education to support proper adoption 

and clinical use, and the lack of transparency around 

certain labs offering new tick-borne disease test 

options. 

Regulatory uncertainty, in addition to the political 

controversy surrounding tick-borne disease testing, 

creates disincentives for investors, physicians, 

patients, insurance companies, and diagnostic 

companies to advance tick-borne disease testing. 

The unfortunate result is that the most promising 

diagnostic advances become stuck in the innovation 

pipeline, failing to move out of the research lab and 

into clinical practice or stalling at an early stage of 

clinical proof as a lab-developed test. Navigating 

such a complex and contentious marketplace is 

difficult for health care consumers and providers, 

and commercializing new diagnostic technologies 

in compliance with best practices in diagnostic 

innovation is onerous for medical labs. Challenges 

may be further complicated by insufficient efforts to 

provide consumers and clinicians with guidance on 

tick-borne disease test recommendations. Indeed, 

commercializing new diagnostic technologies under 

a broadly focused direct-to-consumer business 

model (Rutschman, 2021) is much easier than 

commercializing new clinical tests as lab-developed 

tests available with a doctor’s order. However, the 

latter may fill a critical gap in testing for specific 

diseases.

The HHS Advanced Research Projects Agency 

for Health (ARPA-H), established in 2022, can 

make these pivotal investments in break-through 

technologies and broadly applicable platforms, 

capabilities, resources, and solutions that could 

transform important areas of medicine and health 

for the benefit of all patients and that cannot readily 

be accomplished through traditional research or 

commercial activity. ARPA-H should drive progress  

by creating a tick-borne disease diagnostics program. 

In collaboration with the existing LymeX Innovation 

Accelerator and the LymeX partnership at HHS 

headquarters, a new ARPA-H program for tick-borne 

disease diagnostics could bridge the lab-to-market 

“valley of death” and move emerging technologies 

from bench to bedside. ARPA-H for tick-borne 

disease diagnostics would help to align diagnostics 

efforts across HHS including FDA, CDC, and NIH to

•  speed application and implementation of health 

breakthroughs to serve all patients;

•  foster breakthroughs across various levels—from  

the molecular to the societal; 

•  build capabilities and platforms to revolutionize 

prevention, treatment, and cures in a range of 

diseases;

•  support “user-driven” ideas focused on solving 

practical problems that advance equity and rapidly 

transform breakthroughs into tangible solutions for 

all patients;

•  focus on multiple time-limited projects with 

different approaches to achieve a quantifiable goal;
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•  use a stage-gate process, with defined metrics, 

and inject accountability through meeting these 

metrics;

•  overcome market failures through critical solutions 

or incentives; and

•  use the Defense Advanced Research Projects 

Agency (DARPA) as a model to establish a culture 

of championing innovative ideas in health and 

medicine.

Thus, the ARPA-H Program aligns well with efforts 

needed to combat tick-borne diseases. The research 

and development and early commercialization teams 

that are publishing clinical evidence of validation 

and utility and working steadily on clinical evidence, 

medical education, and insurance coverage need 

government support to ensure that patients and their 

doctors have access to the best tick-borne disease 

diagnostic tools available.  

Informed by the findings of the Working Group’s 

2022 Diagnostics Subcommittee, this chapter 

outlines priority issues and recommendations aimed 

at tackling the many diagnostic challenges associated 

with tick-borne diseases. The Working Group aims 

to generate opportunities that will pave the way for 

innovative solutions, assist clinicians in the treatment 

of their patients, and translate to significantly 

improved outcomes for individuals affected by tick-

borne diseases and associated illnesses.  

Major Challenges and Issues
Federal funding for tick-borne disease has not 

increased in proportion to the increased incidence. 

Funding allocations often lag behind the current 

disease burden by as many as 10 years (Ballreich et 

al., 2021), and the financial burden of Lyme disease 

in both the United States and Europe is staggering 

(Adrion et al., 2015; Mac et al., 2019). Importantly, as 

is the case for several other diseases, federal funding 

does not correlate with disease burden in the United 

States; disproportionate allocations of NIH funding 

have gone to HIV, malaria, ebola virus disease, and 

zika virus.

Notable challenges include the relative scarcity of 

well-characterized patient samples for use in test 

evaluation and validation, the lack of standardization 

of diagnostic tests (evaluation of different tests in 

different labs), and the lack of appropriate 

comparators for tests utilizing different platforms. 

Test performance is most frequently assessed using 

acute phase patient samples, limiting diagnostic 

utility for various stages of infection and different 

disease presentations. Lack of funding has made  

it difficult for scientists to focus time and energy on 

the development of advanced techniques. Few 

individuals who review proposals have sufficient 

knowledge of the unique pathobiology of Borrelia 

and other tick-borne pathogens, and the funding 

pools tend to be small and highly competitive for 

both federal and foundation-based grant sources.  

Of the technologies that have reached the prototype 

stage, only a few have progressed to the first stage of 

commercialization as a lab-developed assay and only 

one has progressed to the stage of FDA-approved in 

vitro diagnostics kit (AACC, 2019). Importantly, 

incentives for investors to support these testing 

advances are minimal, and the unique challenges 

presented by tick-borne infections are not considered. 

Some commercial labs have chosen to sidestep the 

rigorous pathway to establish clinically proven 

diagnostic methods through direct-to-consumer 

testing. The absence of clear standards for validation 

of tests can also be a hindrance to the development 

process. Further, test validation is complicated by the 

There is not an absence of new technologies  
or interest; rather the investment in the  
future of these tests is a major gap hindering  
the transition of novel research findings  
into improved patient outcomes.
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broad extent of clinical and immunological variability 

in Lyme disease.

Opportunities
Many of the new testing modalities proposed for 

Lyme disease and other tick-borne diseases have 

precedence with use in other infectious diseases. 

Developers have acquired samples from the Lyme 

Disease Biobank, among other sources. The tests 

should be vetted with a large variety of patient 

samples—from those with early acute infection to 

those with chronic symptoms. The opportunity to 

acquire small business grants should be utilized, 

and this program can be expanded. Finally, bringing 

together stakeholders would offer the benefit of 

sharing successes and failures, which may accelerate 

development. The funding and creation of Centers 

of Excellence focused on tick-borne disease patient 

outcomes and clinical research could be a critical 

component of overcoming hurdles for improved 

diagnostics.

Educating medical experts, disease advocates, and 

consumers on the development and commercialization 

pathway for diagnostics could help clarify which 

technologies hold the most potential for supporting 

a more accurate diagnosis of disease. For example, 

CDC could replace its current “Lab Tests Not 

Recommended” webpage with one that provides 

guidance to clinicians and consumers on the types of 

technologies that are in the innovation pipeline with 

different stages of maturity and various levels  

of evidence. 

Although controversies regarding Lyme disease in 

the past may have served to hinder the development 

and advancement of new diagnostic tests, the 

Tick-Borne Disease Working Group is unified in its 

recognition of the importance of new and improved 

testing for the benefit of public health. Educating 

the American public on the importance of garnering 

clinical evidence and participating in clinical studies 

would help establish data and biobanks for research 

on novel diagnostic approaches, which will speed 

our movement toward new and actionable clinical 

understandings of these important emerging diseases.

Creating a national initiative to stimulate interest 

and funding for tick-borne disease diagnostic 

test development is imperative to ensuring that 

these diseases are addressed independently from 

infections that kill quickly, such as hospital-acquired 

infections, or those that affect vast populations, 

such as influenza and novel coronaviruses. Several 

initiatives designed to draw interest and investment 

in advancing diagnostic solutions for tick-borne 

disease are under way, such as the LymeX Innovation 

Accelerator public-private partnership and the CDC-

led national strategy for vector-borne disease. Funds 

could be allocated to build on the foundation of these 

programs to expand awareness and investments 

more rapidly in advancing diagnostics to support 

both research and clinical use.

Big Picture Summary
The Working Group findings indicate that there 

does not appear to be a paucity of novel ideas or 

technologies that are intended to improve diagnostic 

testing for Lyme disease and other tick-borne 

diseases. Rather, the path to product development 

and commercialization is stifled by a lack of funding 

and support. Using the analogy of NIH small business 

grant funding mechanisms, many of these candidate 

diagnostic tests are stuck in the Phase I (optimization, 

development, and testing) stage. Thus, more 

investment must be made in the Phase II (path to 

commercialization) stage. Widespread agreement 

exists that the most commonly used test (two-tier 

serology) is not good enough. Many advanced 

diagnostic testing platforms are already showing 

improvement over two-tier testing. Although there 

may never be a single one-size-fits-all test developed 

to diagnose Lyme disease and other tick-borne 

diseases, we can certainly do better than what is 

currently approved, which may require us to consider 

multiple tiers if necessary.

  

https://www.cdc.gov/lyme/diagnosistesting/labtest/otherlab/index.html
https://www.cdc.gov/lyme/diagnosistesting/labtest/otherlab/index.html
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Chapter 7
Disease Prevention and  
Treatment

Recommendations
Recommendation 7.1: Improve the quality, 
timeliness, and completeness of surveillance and 
reporting of tick-borne diseases nationwide. The 
resulting information should be used to educate 
health care providers and the public to prevent, 
diagnose, and treat tick-borne diseases.  

Rationale

Timely and appropriate diagnostic, prevention, and 

treatment for all tick-borne diseases and associated 

illnesses require an understanding of the geographic 

regions where those diseases occur. Up-to-date 

information must be efficiently communicated to 

health care professionals to maintain a level of clinical 

awareness of tick-borne diseases in their area.

Recommendation 7.2: Increase funding 
to develop multi-pathogen vaccines, “anti-tick” 
vaccines, and new prevention strategies to provide 
broad protection against different tick-borne 
pathogens. Research on stand-alone Lyme disease 
vaccines should look for alternatives to human 
OspA-based vaccine approaches. 

Rationale

Vaccines are powerful tools for preventing infectious 

diseases. Market realities for most tick-borne diseases, 

however, are likely to make single-pathogen vaccines 

untenable for pharmaceutical development. Multi-

pathogen or anti-tick approaches could overcome 

these barriers. While a Lyme disease–specific vaccine 

proved effective in the past, and new ones are in 

development, historical concerns about the outer 

surface protein A (OspA) antigen persist in the 

public. Alternative antigens should increase public 

acceptance of new Lyme disease vaccines.

Recommendation 7.3: Accelerate discovery, 
preclinical and clinical development of effective 
treatments for tick-borne diseases. Increase funding 
for research into understudied areas of treatment 
for tick-borne diseases, including but not limited 
to pediatric neuropsychiatric illnesses, pregnancy 
outcomes in infected women, and persistent 
post-treatment symptoms in all age groups, with 
emphasis on Lyme disease.  

Rationale

Some individuals treated for Lyme disease continue 

to report a variety of symptoms or manifest clinical 

signs of disease. Improved treatments are needed, 

which requires an understanding of the underlying 

causes of this ongoing disability. Additional 

research is therefore needed into the pathogenesis 

of persistent signs and symptoms, as well as into 

improved treatments for the full range of sequelae 

associated with Lyme disease.

Background
Tick-borne diseases are an important and increasing 

cause of illness and, in some cases, mortality. In the 

United States, they are the leading cause of vector-

borne disease, and changes in tick home ranges are 

expanding areas of endemicity (Madison-Antenucci 

et al., 2020). Despite their role in infectious diseases 
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in both the United States and globally, many tick-

borne pathogens—which include bacteria, viruses, 

and parasites—have not received the attention paid 

to other infectious diseases. Similarly, the non-

infectious allergic disease Alpha-gal Syndrome is less 

understood than other allergic conditions. Effective 

prevention and treatment measures are lacking, as is 

our understanding of the fundamental pathogen and 

host biology behind the optimal interventions.

The 2022 Tick-Borne Disease Working Group 

addressed these concerns, first through a 

subcommittee convened to look specifically at 

prevention and treatment issues across the tick-borne 

disease spectrum, and later by the Working Group 

itself. Previous Working Group reports were also 

reviewed to determine what issues may have been 

missed or require additional emphasis. Readers are 

encouraged to review the subcommittee reports, 

which have been abridged and summarized in this 

chapter along with other content generated by the 

Working Group. Lyme disease, as the most common 

tick-borne illness in the United States, was discussed 

last by the subcommittee to allow sufficient time to 

address the spectrum of issues associated with the 

disease. That order is retained in this summary, with 

Lyme disease appearing at the end of this chapter.

Rickettsial Diseases

Bacteria in the order rickettsiales, namely Ehrlichia, 

Anaplasma, and Rickettsia species, are the second 

leading cause of tick-borne infections in the United 

States (Rosenberg et al., 2018). These infections, 

hereby referred to as rickettsial diseases, can cause 

serious illness or death, especially if not promptly 

treated. Although the true incidence and prevalence 

of these infections are unknown, the diseases caused 

by this collection of bacteria result in higher rates 

of hospitalization and death than Lyme disease yet 

remain clinically underappreciated. 

Rickettsial pathogens are transmitted by different 

tick species, and therefore have distinct, though 

often overlapping, geographic distributions. They 

also share some clinical signs and symptoms, while 

differing in others. This combination of similarities 

and differences can complicate recognition and 

diagnosis, compromising timely treatment and efforts 

to focus prevention outreach on appropriate regions 

and risk groups.

Rickettsial pathogens were discussed extensively 

by the 2020 Working Group, as outlined in the 

final Report to Congress and in the report by the 

Rickettsiosis Subcommittee. Rickettsial pathogens 

were also discussed by the 2018 Working Group, 

though solely within the context of Lyme disease 

coinfections. While the two previous reports 

together provided excellent overviews of rickettsial 

disease treatment and prevention, the 2022 Disease 

Prevention and Treatment Subcommittee Report 

outlines several issues that justify further discussion.

In addition to the rickettsiales, facultative intracellular 

bacteria of the genus Bartonella have been suggested 

to cause tick-borne illness or Lyme disease co-

infections (Berghoff, 2012; Eskow et al., 2001; 

Maggi et al., 2012; Podsiadly et al., 2003). Despite 

these reports, evidence is lacking to support tick 

transmission of Bartonella species, including B. 

henselae, the predominant bacteria discussed in this 

framework (Telford & Wormser, 2010). The pathogen 

is still often cited as a co-infection with Lyme disease, 

however, and warrants further research.

Prevention 

Approaches targeting the tick or reservoir likely 

have the best chance of commercial success. Anti-

tick vaccine development is an intriguing approach 

that could prevent multiple tick-borne infections 

with a single vaccine. Pathogen-specific vaccines, 

although potentially effective, are unlikely to be 

commercialized for any of the rickettsial diseases.  

It is possible, however, that multi-pathogen vaccines—

for example those targeting pathogens transmitted 

by either a single or multiple tick species—would have 

market viability and should be considered. In that 

light, research should continue with single pathogen 

approaches, which could be later combined into 

multivalent vaccines.   

Potential roadblocks to multi-pathogen vaccines may 

include review requirements that single-pathogen 
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vaccine viability be demonstrated before they can be 

combined into a multi-pathogen formulation. Perhaps 

a larger hurdle is difficulty in conducting a vaccine 

trial for a rickettsial disease, because the relatively low 

incidence would likely mandate a prohibitively large 

enrollment. 

Canine vaccines against Rickettsia rickettsii offer an 

alternative approach to mitigating large outbreaks 

or epidemic levels of Rocky Mountain spotted fever 

(RMSF) that have been identified in the southwestern 

United States and northern Mexico during the past 

two decades. In these settings, cases of human 

disease result from zoonotic infections in dogs and 

large populations of brown dog ticks (Rhipicephalus 

sanguineus) (Demma et al., 2005). Vaccinating 

domestic dogs against the pathogen could 

interrupt the transmission cycle and protect humans 

from infection in this unique but highly relevant 

circumstance.  

Treatment

Treatments for rickettsial diseases are effective 

and available, and new therapeutics for acute 

infections are not a pressing need. Novel therapeutic 

approaches for late-stage disease resulting from 

delayed diagnosis, however, should still be pursued. 

Doxycycline is effective against Anaplasma, Ehrlichia, 

and Rickettsia, and antibacterial resistance has 

not been reported (Dumler et al., 2007). There 

are, however, areas of treatment that could still be 

addressed. Foremost among these is that although 

 

Gabriella “Gabby” Galbo  
Gabriella “Gabby” Galbo was a vibrant 5-year-old, described by  
her parents as a beautiful soul with a contagious smile that could  
light up a room. She loved cupcakes, animals, and spending time with  
her family. Gabby was the youngest of Tony and Liz Galbo’s three daughters,  
and she had a bright and promising future ahead of her. Gabby’s life ended too soon,  
when an untreated tick-borne disease called Rocky Mountain spotted fever (RMSF) led  
to sepsis and septic shock, to which she ultimately succumbed on May 11, 2012.

Despite multiple visits to her pediatrician and two different emergency rooms, Gabby  
was continually misdiagnosed. From the time her symptoms appeared to when she was finally 
diagnosed as septic, Gabby had been misdiagnosed four times, and wrongly sent home with 
abnormal/critical bloodwork, all of which costed critical time in which she could have been treated 
and saved. Gabby’s autopsy confirmed RMSF, the diagnosis that at least three of her attending 
physicians had considered but failed to treat despite Gabby’s fever, her compatible bloodwork,  
and the iconic spotted rash spread across her body. Together Gabby’s parents, Tony and Liz Galbo, 
have championed “Gabby’s Law,” which requires Illinois hospitals to adopt, implement, and 
periodically update evidence-based protocols that will better recognize and treat sepsis. The 
legislation received unanimous support in both the Senate and the House and was passed in 2016.
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doxycycline is highly effective, there is a lingering 

hesitancy among clinicians to prescribe the drug 

because of outdated concerns regarding its use in 

children; in actuality, the data indicate that short 

courses of doxycycline do not cause perceptible 

staining of permanent teeth (Pöyhönen et al., 2017). 

Enhanced educational efforts, targeted particularly 

to all types of frontline health care practitioners, is a 

critical need. 

The pursuit of new prevention and treatment 

methods should be accompanied by a commitment 

to surveillance and reporting of tick-borne diseases 

and associated illnesses. Given the rapid clinical 

progression of many tick-borne diseases, particularly 

RMSF, physicians must be sufficiently informed 

to suspect rickettsial infections in endemic areas 

in order to quickly initiate appropriate therapy to 

prevent onset of life-threatening manifestations.  

Although new, non-antibiotic adjunctive therapies 

may be worth pursuing, especially in cases where 

antibiotic treatment has been delayed, a greater 

focus should directed toward identifying and treating 

presumptive cases. That focus requires improved 

awareness of relevant tick-borne diseases in different 

geographic areas.

Babesiosis

Babesiosis is a worldwide disease caused by 

protozoan parasites of the genus Babesia (Vannier 

& Krause, 2009). There are more than 100 species of 

Babesia, 6 of which infect humans, while the others 

infect a wide array of wild and domestic animals. 

Babesia parasites invade and replicate within red 

blood cells, and the main route of transmission is 

through the bite of an infected hard-bodied (Ixodid) 

tick. Babesia can also be transmitted via blood 

transfusion, organ transplantation, and perinatally 

from an infected mother to her fetus, but these 

routes of transmission, although relatively rare, are 

underappreciated by clinicians. 

Babesiosis is an emerging tick-borne disease, with 

an increasing number of cases reported both in the 

United States and globally (Kumar et al., 2021). The 

geographic range of Babesia is expanding in the 

United States from epicenters in the Northeast and 

northern Midwest, where Babesia microti is endemic. 

Sporadic babesiosis cases due to Babesia duncani 

have also been reported on the West Coast (Conrad 

et al., 2006; Kumar et al., 2021), and cases of Babesia 

divergens–like babesiosis have been described in the 

Midwest and Far West (Herc et al., 2018; Herwaldt et 

al., 2004; Kumar et al., 2021. Multiple Babesia species 

that cause disease exist in other countries, and 

rigorous epidemiological studies suggest that many 

more cases occur than are reported (Krause, 2019; 

Vannier et al, 2015).

Prevention 

No vaccine or other prophylactic agent is currently 

available to prevent Babesia infection in humans. 

Further research is needed to study immunogenic 

Babesia proteins, which could become the basis for  

a monoclonal antibody (mAb) therapy or vaccine. The 

small market limitations described for the rickettsial 

pathogens are likely relevant to babesiosis as well.

Treatment 

The current standard treatment of babesiosis is 

the combination of atovaquone/azithromycin, or 

clindamycin/quinine as an alternative (Krause et 

al., 2021; Vannier & Krause, 2012). Treatment is less 

effective for immunocompromised patients. Mild to 

moderate cases of babesiosis can be successfully 

treated with a 7- to 10-day course of these regimens 

(Krause et al., 2000), and hospitalized patients 

are similarly treated, except that the atovaquone 

or clindamycin is administered intravenously. 

Symptoms typically abate within a few days. Highly 

immunocompromised patients may require months 

of antibiotic therapy, however, and some die despite 

treatment (Krause, 2019). Antibiotic resistance can 

develop during prolonged therapy, highlighting 

the strong need to develop new therapies for the 

immunocompromised patient population.    

As reported for the rickettsial pathogens, improved 

surveillance and reporting is needed for the effective 

treatment and prevention of babesiosis. People living 

and working in endemic areas, including clinicians, 

are often unfamiliar with babesiosis. The disease has 
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a long incubation period (1-4 weeks), and symptoms 

are nonspecific. There is no easily recognized 

symptom such as the erythema migrans rash of  

Lyme disease that establishes the diagnosis. 

In addition, because babesiosis is far less commonly 

reported than Lyme disease and is an emerging 

infection, many physicians lack an understanding of 

the dangers it can pose, especially for populations 

with risk factors for severe disease. 

Relapsing Fever/Borrelia miyamotoi Infection 

Relapsing fever is an arthropod-borne infection 

caused by several species of spirochetes in the 

genus Borrelia found throughout the world (Krause 

et al., 2015). Two major types of relapsing fever 

are classified according to their arthropod vector, 

tick-borne relapsing fever (TBRF) and louse-

borne relapsing fever. Until recently, TBRF has 

been associated solely with soft ticks of the family 

Argasidae, but that has changed with the discoveries 

of human infections caused by Borrelia miyamotoi 

(Platonov et al., 2011), which is carried by hard-bodied 

ticks (Ixodidae) (Fukunaga et al., 1995). Although 

B. miyamotoi is phylogenetically grouped with the 

relapsing fever bacteria, it shares some phenotypic 

characteristics of the Lyme disease spirochetes. 

Soft-bodied TBRF has been reported in 14 Western 

states (CDC, 2015). B. miyamoti is geographically 

associated with the range of its primary hard-bodied 

tick vectors, Ixodes scapularis and I. pacificus, which 

are also the vectors for Lyme disease in the United 

States. Although the general geographic ranges of 

relapsing fever spirochetes are known, their incidence 

and prevalence remain unclear.  

Prevention 

No vaccine exists to protect against infection with 

B. miyamotoi or the soft-bodied tick-transmitted 

relapsing fevers. The market considerations indicated 

for the rickettsial diseases likely apply to the relapsing 

fevers as well, and vaccine uptake would be more 

likely if protection against babesiosis were included 

as part of a broader multi-pathogen vaccine.

Treatment 

Optimal treatment of B. miyamotoi is uncertain. 

The antibiotics used for Lyme disease—doxycycline, 

amoxicillin, or ceftriaxone for 10-21 days—are also 

effective against B. miyamotoi infection; however, 

limited therapeutic studies have been conducted. 

Furthermore, clinical complications are not 

thoroughly understood, nor are the risk factors 

associated with those complications. In addition, 

diagnosis of B. miyamotoi is often not considered, 

leading to delayed or missed diagnosis. Even when 

considered, there is a lack of commercially available 

B. miyamotoi tests, and cross-reactivity may occur 

in enzyme immunoassay tests for B. burgdorferi. 

Improved surveillance and education are therefore 

important needs.

Tick-Borne Viruses

Emerging tick-borne viruses in the United States 

include Powassan, Heartland, and Bourbon viruses. 

The central issue regarding these infections is that 

little is known about them because of the relative 

rarity of documented infections, as well as regulatory 

and funding challenges associated with researching 

them in an academic setting.   

Powassan virus (POWV) is a tick-borne flavivirus 

first reported in 1958. It is the sole new-world 

representative of the tick-borne encephalitis 

serological complex within the flaviviruses. Infection 

in humans is notable for the severity of acute disease 

(~10% case fatality rate among reported cases [CDC, 

2022c]) and the high prevalence of severe long-

term sequelae (Ebel, 2010). POWV is frequently 

isolated and/or detected in deer ticks (I. scapularis), 

which feed frequently on people and have driven 

the emergence of Lyme disease and other tick-

borne diseases in recent decades. Steady increases 

in annual caseloads of POWV and documented 

infection in deer indicate steady emergence due 

to association with these vectors (Nofchissey et al., 

2013). Moreover, because of its association with 

deer ticks, POWV should be considered the most 

significant of the known tick-borne viruses in North 

America.   
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About 50 cases of heartland virus (HRTV) have been 

reported in humans in the past decade (CDC, 2022d). 

HRTV is maintained in nature in transmission cycles 

that are poorly understood but appear to involve lone 

star ticks (Amblyomma americanum) as vectors to 

humans. The expansion of lone star ticks to the west 

and north may bring this virus into new localities, such 

that additional groups of people will be exposed in 

the future. Hence, HRTV is an extremely important 

subject for ongoing research.    

Bourbon virus has produced 5-10 known human 

cases (Kosoy et al., 2015; Savage et al., 2018). The 

infection may be clinically severe, particularly in older 

individuals with comorbidities. A. americanum ticks 

are vectors.

Prevention 

No vaccines are licensed for use against any of 

the North American tick-borne viruses. However, 

vaccines are available for other tick-borne viruses 

related to POWV, including one (Ticovac®) that 

was recently licensed for use in the United States in 

people traveling to countries endemic for tick-borne 

encephalitis (i.e., Europe and parts of Asia, including 

Russia, Mongolia, and China). Development of stand-

alone vaccines against domestic tick-borne viruses 

is likely not feasible, but efforts to develop vaccines 

against general virus classes may offer a solution.

Treatment 

No antiviral drugs are currently approved for 

use against North American tick-borne viruses, 

although efforts should be made to test antiviral 

drugs developed for related viruses against POWV, 

HRTV, and Bourbon virus. MAb therapies have been 

proposed and tested in mice, and research in that 

area should continue to be supported.

Alpha-gal Syndrome 

Alpha-gal Syndrome (AGS) is an allergy to the 

carbohydrate galactose-alpha-1,3-galactose (“alpha-

gal”) that is present in lower mammals such as cows, 

sheep, pigs, cats, and dogs (Levin et al., 2019). People 

who develop AGS most commonly report allergic 

reactions after eating beef, pork, or lamb (Commins 

et al., 2014). Unlike more traditional food allergies, 

reactions to alpha-gal occur 3-6 hours (or more) after 

consuming mammalian meat, and this prolonged 

delay frequently creates a challenge in diagnosis 

(Commins et al., 2014; Flaherty et al., 2017; Levin et al., 

2019).   

Although it is not fully established how AGS develops, 

accumulating evidence suggests that tick bites play 

a causal role (Commins et al., 2011). In the United 

States, the primary tick associated with AGS is A. 

americanum (the lone star tick) (Commins et al., 2011). 

However, in other areas of the world different species 

of ticks have been associated with the allergy (Chinuki 

et al., 2016; Levin et al., 2019; Van Nunen et al., 2009).   

Accumulating data suggest that the incidence of AGS 

is on the rise, with the highest number of incidences 

reported in the southeast region of the United States, 

which correlates with the expanding geographic 

distribution of lone star ticks (Commins, 2016; Commins 

et al., 2011; Levin et al., 2019; Pattanaik et al., 2018). 

Prevention 

As with the tick-borne infections, targeting human-

biting ticks may have the best chance of success 

against AGS. Anti-tick vaccines create “tick resistance” 

in humans by vaccinating with tick salivary or other 

factors to induce an anti-tick immune response. 

This approach could prevent multiple tick-borne 

conditions with a single vaccine.  

Recently, a line of genetically edited pigs was 

developed that do not express alpha-gal. These 

“alpha-gal safe” animals have been approved by 

the U.S. Food and Drug Administration (FDA) and 

could represent a safe source of porcine medical 

products (e.g., heart valves) and even pork meat for 

patients with AGS. Additional studies and testing are 

recommended to pursue this avenue of prevention.  

Treatment 

Because AGS is not known to be infectious, the 

primary treatment involves treating allergic reactions 

through guideline-based medical management. No 

controlled studies have been reported for allergen 

desensitization related to AGS. 
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MAb approaches are a possible treatment 

approach. Omalizumab is commercially available 

for management of allergic asthma and treatment 

of chronic hives, and may have broader implications 

in treating conditions mediated by immunoglobulin 

E (IgE) such as AGS and other food allergies. Trials 

are under way with omalizumab in peanut allergy, 

and similar trials should address AGS. In addition, 

case studies involving thousands of patients who 

have received a medically-based Soliman Auricular 

Acupuncture Treatment (SAAT) show up to 96% 

effectiveness in achieving remission (Bernal et 

al., 2021; Liebell, 2020; Soliman, 2014); however, 

randomized controlled trials research is needed to 

further validate these results. As with the other tick-

borne diseases, improved surveillance and reporting 

are critical to adequate recognition and management 

of illness. 

Lyme Disease

Lyme disease, the most common vector-borne 

disease in the United States, was covered extensively 

in the 2018 and 2020 Tick-Borne Disease Working 

Group Reports to Congress, as well as elsewhere in 

this current report. Background information on Lyme 

disease and the causative pathogen, B. burgdorferi, is 

therefore not necessary within this chapter, which will 

instead focus exclusively on the key issues related to 

Lyme disease prevention and treatment.

Prevention 

Current approaches to the prevention of Lyme 

disease rely largely on strategies that increase 

awareness of the threat of tick bites in tick-infested 

areas, promote the prudent use of proper clothing 

and/or repellent, and introduce measures that 

focus on controlling the major animal reservoirs of 

B. burgdorferi. Although these approaches are and 

will continue to be cornerstones to the prevention 

of human Lyme disease, several other prevention 

modalities show promise as prophylactic approaches 

in the prevention of Lyme disease in the human 

host. These modalities include new and emerging 

vaccines, the development of borreliacidal human 

mAbs, and the use of small molecules.

In 1998, a Lyme disease vaccine (Lymerix) targeting  

B. burgdorferi OspA was licensed and made 

available, but it was removed from the market in 

2002 because of a range of complex factors, and a 

new vaccine is under Phase 3 clinical trials. The new 

vaccine contains recombinant OspA proteins from 

several Borrelia strains found in the United States 

and Europe and has been engineered to remove the 

amino acids thought by some to drive a potential 

autoimmune response in some individuals. Preclinical 

studies and current trials have shown great promise 

(Comstedt et al., 2017). In addition to this vaccine, 

an effective canine vaccine using chimeric antigens 

(a mixture of antigens linked end-to-end) has been 

developed and brought to the veterinary market, 

a strategy that has been proposed as an effective 

human vaccine approach (Camire et al., 2021; O’Bier 

et al., 2021).     

Despite these promising developments, research 

on new and effective vaccines against human Lyme 

disease should be expanded. This effort will include 

the use of next generation vaccine platforms such 

as messenger RNA (mRNA)-based and viral vector 

vaccines. In addition, the success of future effective 

vaccine strategies is strictly dependent on a deep 

understanding of the elements of the human immune 

response that are most effective in providing 

protection against Borrelia. 

As indicated for the other tick-borne pathogens, anti-

tick strategies should be pursued to provide possible 

broad protection against multiple diseases. During 

pathogen transmission through a tick bite, the tick 

also transmits saliva containing several salivary gland 

proteins that have a range of biological properties 

(Hovius et al., 2007). Anti-tick immunity induced by 

vaccination with tick proteins in animal models has 

been shown to alter and even arrest tick feeding 

(Matias et al., 2021; Rego et al., 2019). More recently, 

an mRNA-based nanoparticle vaccine against  

I. scapularis has shown efficacy with a guinea pig 

model of tick feeding and B. burgdorferi transmission 

(Sajid et al., 2021). Further development of this 

approach deserves strong support, which should 

include defining immune targets using relevant 

animal models and employing well-defined human 
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cohorts, understanding the human immune response 

to tick proteins, and developing a safe and specific 

vaccine approach that will merit clinical trials.    

Several pathogen-specific human mAbs have been 

developed for use as therapeutics. A human mAb 

(2217LS) reactive to OspA has been developed and 

engineered to retain an extended blood half-life 

(Schiller et al., 2021; Wang et al., 2016). This reagent 

has proven effective in rodent and primate models, 

has been proposed to be used as a pre-treatment 

for at-risk individuals, and is now undergoing 

Phase I trials. This approach, which can impact 

both prevention and treatment of other tick-borne 

pathogens, deserves support.

Given past concerns associated with the Lyme 

disease vaccine and current vaccine hesitancy in the 

United States, work should be done to prepare for 

the roll-out of any new vaccine. Such work includes 

establishing the physical and economic burden of 

disease and transparent communication with the 

public and health care providers.

Treatment

Clinicians, scientists, and patient advocates continue 

to disagree about the optimal treatment courses for 

Lyme disease. The 2022 Prevention and Treatment 

Subcommittee recognized the need to gather 

perspectives from the diversity of viewpoints, and 

to present those positions to the Working Group. 

The details of the subcommittee deliberations, 

including the contrasting viewpoints on Lyme disease 

treatment, can be found in the subcommittee’s 

report. A general summary follows here. 

Lyme disease is a multisystem inflammatory disorder 

caused by the spirochetes in the B. burgdorferi sensu 

lato complex, and is treated with antimicrobials to 

resolve the acute infection, avoid complications, 

and prevent a relapse of the initial infection. As 

demonstrated in prospectively conducted trials, 

treatment with appropriate antibiotics early in B. 

burgdorferi infection is effective at preventing the 

development of later clinical manifestations in the 

vast majority of patients (Nowakowski et al., 2003). 

Nevertheless, following the acute phase of infection, 

29 percent of patients treated with recommended 

courses of antibiotics reported moderate to severe 

symptoms at one year, with an additional 14 percent 

reporting functional impairments (Aucott et al., 

2022). It has been difficult to ascertain the proportion 

of these patients accurately, and the duration of 

treatment could influence the outcomes (Aucott et 

al., 2022; Massarotti et al., 1992); however, systematic 

methodology has been employed to develop 

operational definitions. These include development 

of a standardized test battery to characterize 

a diverse group of Lyme disease patients, and 

systematically interviews of a wide spectrum of 

persons diagnosed with Lyme disease to classify 

them into symptom archetypes (HHS, 2021; Turk  

et al., 2019). 

Chronic infection has been hypothesized to be the 

cause of persistent symptoms, and animal studies 

have demonstrated that biological cure may not 

be uniformly achieved with monotherapy, such as 

doxycycline and ceftriaxone (Barthold et al., 2010; 

Crossland et al., 2018; Embers et al., 2012, 2017; 

Hodzic et al., 2014), but few clinical trials utilizing 

combinations of antibiotics have been conducted. 

Multiple clinical trials of extended antibiotic courses 

using monotherapy—with the exception of two that 

found a sustained benefit on fatigue (Fallon et al., 

2008; Krupp et al., 2003)—have demonstrated no 

sustained benefit to the majority of subjects enrolled 

(Berende et al., 2014; Fallon et al., 2008; Klempner et 

al., 2001; Krupp et al., 2003). The potential benefit of 

extended antibiotic courses must be weighed against 

the risk of side effects, including adverse events of 

the drug and increasing antimicrobial resistance. 

Although complete understanding of the molecular 

mechanisms underlying this condition has not been 

achieved, autoantigens and/or central nervous 

system sensitization have been postulated to play a 

role (Maccallini et al., 2018). Overall, there is a need 

for enhanced understanding of the pathogenesis 

of Lyme disease–associated chronic illness to help 

design interventions to alleviate the suffering of 

these patients. Addressing this need should include 

research based on combination antimicrobial therapy 

and complementary non-antimicrobial interventions. 
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In addition, the role of initial coinfections needs to be 

studied in prospective well-designed cohort studies.   

Two specific treatment-related issues were addressed 

by the 2018 and 2020 Working Groups, but warrant 

additional emphasis because of continuing evidence 

gaps. These are neuropsychiatric syndromes and 

Lyme disease in pregnancy. Research is needed to 

better understand the possible role of Lyme disease 

and Bartonella infections in the pathogenesis of 

certain pediatric neuropsychiatric syndromes, notably 

Pediatric Acute-onset Neuropsychiatric Syndrome 

(PANS), as well as their optimal treatment, including 

investigation of integrative treatment approaches 

such non-pharmaceutical interventions that enhance 

the patient’s quality of life. There is a very limited 

evidence base to guide maternal antibiotic treatment 

for gestational Lyme disease and for evaluation 

and follow-up for the potentially infected infant. 

U.S. consensus recommendations exist to guide 

management of pregnant women and infants at 

risk for syphilis, HIV, Zika virus, and several other 

congenital infections, but no such guidance for  

Lyme disease exists.  

Big Picture Summary 
The Prevention and Treatment Subcommittee, as well 

as the Working Group as a whole, acknowledged the 

abundance of gaps and needs across the spectrum 

of tick-borne diseases. Singling out a few challenges 

to be addressed by federal agencies is difficult, and 

a complete list of important needs is not possible. 

However, the following are overarching needs that 

should be prioritized.

Awareness and Education

Regardless of the pathogen or disease in question, 

the need for improved awareness and education rose 

Figure 18. Tick-borne disease prevention through intervention.  

Refer to Chapter 3: Changing Dynamics of Tick Ecology, Personal Protection, and Control for additional 
information on tick bite prevention and control.

Photo credit: CDC.
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Table 3. Approved Vaccines and Antimicrobials 
for Tick-borne Diseases

Antimicrobials Vaccines

Alpha-gal  
Syndrome

N/A No

Babesiosis Yes No

Lyme Disease Yes No

Rickettsial 
Diseases

Yes No

Tick-borne  
Relapsing 

Fever
Yes No

Tick-borne 
Viruses

No TBEV only

to the top of most discussions. Prevention efforts 

cannot be efficiently targeted, and proper treatment 

will not be initiated, without an understanding of the 

incidence, prevalence, and geographic distribution 

of individual tick-borne diseases. A well-funded 

surveillance and reporting system, capable of 

updating our knowledge as tick-borne pathogens 

expand their geographic ranges, is critical. That 

information must also be coupled with an education 

system to bring health care providers up to date 

on the current state of tick-borne diseases and 

associated illnesses in their region.

Tick-Borne Disease Prevention

The clinical utility of vaccines has been proven 

against many infectious diseases, and that promise 

likely holds for the tick-borne pathogens. Few tick-

borne disease vaccines have been advanced beyond 

early animal studies, representing a gap in the field. 

Research on vaccines and other immunoprotective 

strategies should therefore be sustained, beginning 

with understanding the correlates of immune 

protection and applying those discoveries to 

the development and testing of new vaccines in 

people. As previously indicated, however, market 

considerations will likely hinder the advanced 

development of single-pathogen vaccines, especially 

for low-incidence infections. Federal agencies should 

therefore encourage and support research on 

multi-pathogen approaches and anti-tick vaccines. 

Vaccines targeting the tick bite itself may also address 

the need for preventive measures for AGS. Figure 18 

outlines vaccine approaches and personal protective 

measures that can be taken to prevent tick-borne 

disease.

Tick-Borne Disease Treatment

The availability of antimicrobials to treat tick-borne 

pathogens varies, with established options available 

for the bacteria and parasites and a dearth of options 

for the viruses (Table 3). Accelerated research on 

new antimicrobials across the disease spectrum is 

therefore needed, with special attention paid to the 

tick-borne viruses. New treatments for AGS are also 

needed and should be a priority.

For Lyme disease the question of treatment is 

more complex, given differing perspectives on 

the underlying causes of persistent symptoms in 

some individuals and the appropriate therapeutic 

approach to preventing or alleviating those 

symptoms. Research on the underlying pathogenesis 

of persistent signs and symptoms attributed to Lyme 

disease remains an unmet need, as are clinical studies 

built on those discoveries. Federal agencies should 

encourage studies that directly address gaps in our 

understanding of Lyme disease treatment, including 

post-treatment symptoms, pregnancy outcomes, and 

neuropsychiatric symptoms. Persistence issues should 

also be addressed for other tick-borne diseases 

where they have been identified or proposed.
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Chapter 8
Conclusion and  
Looking Forward

Recommendation 8.1: Request that following 
sunset of the Tick-Borne Disease Working Group, 
HHS’s Office of the Assistant Secretary for 
Health (OASH) convene regular virtual public co-
creation or collaboration workshops and technical 
consultations, in concert with relevant HHS 
operating divisions (CDC, FDA, NIH, and CMS) and 
with other relevant federal departments to share 
updates and receive input on progress made 
towards implementing federal advisory committee 
(FAC) recommendations from the three reports to 
Congress. The recommendations should be tracked 
back to the Goals, Strategies, and Objectives of the 
anticipated national public health strategy for the 
prevention and control of vector-borne diseases in 
humans, of which HHS/OASH is currently leading 
the development, to ensure progress is made on 
recommendations, as resources allow. Through 
these regularly convened public engagement 
sessions, public input should be collected and  
an open dialogue should be supported to ensure 
continued, meaningful engagement with the tick-
borne disease community (including patients, 
advocates, scientists, clinicians, and educators). 

Rationale 

The current federal advisory committee completed 

three full report cycles, thus fulfilling the original 

legislative mandate of the 21st Century Cures Act. 

From the three formal reports, including the current 

2022 report, more than 70 recommendations 

have been made regarding federal activities that 

address concerns related to tick-borne disease 

prevention, control, surveillance, diagnostics, 

treatment, education, and access to care. Although 

the Department of Health and Human Services (HHS) 

Tick-Borne Disease Working Group has been very 

successful in accomplishing the original mandate 

and noteworthy progress has been achieved, 

significant work remains. The need has evolved 

from assessing federal activities and gaps and 

making recommendations, to one of effectively 

implementing the recommendations that have been 

made to date, which is an operational function of the 

federal government. To support this function, the 

need remains for meaningful two-way interaction 

to prioritize actions, support implementation, and 

identify barriers to implementation. This work can be 

most efficiently and effectively achieved through an 

HHS-led, multi-pronged process as described in the 

above recommendation. 

This is the third and final report of the Tick-Borne 

Disease Working Group. Over the course its six-

year tenure, the advisory committee has included 

20 members of the public and 15 representatives of 

governmental agencies involved in U.S. tick-borne 

disease efforts. The Working Group has made more 

than 70 recommendations to Congress (Appendix 

C. 2018, 2020, 2022 Recommendations of the Tick-

Borne Disease Working Group). Action on specific 

recommendations made in the prior reports have 

been initiated and include but are not limited to the 

following: 

•  Increased funding for systematic studies to identify 

novel tick-borne disease agents in the United States

•  Support of studies on the economic impacts of tick-

borne diseases and associated illnesses
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•  Provision of additional funding for tick control 

strategies

•  Increased educational resources for clinicians and 

the general public regarding tick-borne diseases 

through the creation of web-based modules

•  Support of new programs to advance development 

of new diagnostics for Lyme disease and other tick-

borne diseases

•  Development of educational material for Alpha-gal 

Syndrome

•  Establishment of a national tick surveillance 

program and a national tick bite data tracker

•  Support of new programs to advance research on 

tick-borne disease prevention, genetic tools for 

understudied tick-borne pathogens, and persistent 

symptoms in Lyme disease

•  Creation of the NIH Strategic Plan for Tick-Borne 

Diseases Research

•  Streamlining of the surveillance reporting process 

for Lyme disease to ease the burden on public 

health departments

•  Initial development of a national strategy for vector-

borne diseases

•  Facilitation of the National Academies multi-

stakeholder collaboration to develop a workshop 

that examines common, overlapping clinical and 

biological factors underlying infection-associated 

chronic illness (including Lyme disease, myalgic 

encephalomyelitis/chronic fatigue syndrome, and 

long COVID), and related diagnostic tests and 

therapeutic targets

Despite this progress, much work remains to be 

done. According to The 2022 National Inventory of 

Tick-Borne Diseases and Associated Illnesses, which 

includes a review of published and unpublished 

literature (from January 1, 2018, to June 30, 2022) 

and a survey of federal agencies, states, and private 

funding organizations:  

…significant gaps [exist] in research, particularly 

within disadvantaged groups with elevated risk 

of acquiring tick-borne diseases and associated 

illnesses. These groups include those of lower 

socioeconomic status, regional and rural 

populations, racial and ethnic minorities, and 

high-risk outdoor workers. Generalizability was 

lacking overall with insufficient representation of 

certain groups within studies and a lack of focus 

on certain at-risk populations (OIDP, 2022).

Based on the findings of its expert subcommittees, 

the Working Group has highlighted in the 

recommendations of this third Report to Congress 

both emerging areas of need and issues of 

continued concern. The challenges in addressing 

the risk to human health that tick-borne diseases 

present continue to grow. These challenges include 

introduction of new diseases; changes in climate 

and environment that allow expansion of ticks into 

new regions; continued limited understanding of 

disease pathogenesis, which precludes development 

of better approaches to diagnosis, treatment, and 

prevention; and structural barriers to overcoming 

these limitations. The recommendations from 

each of the Working Group’s three reports lay the 

groundwork for an effective federal response to the 

threat of tick-borne diseases and associated illnesses. 

Looking forward, the implementation of strategies 

that address these recommendations will be critical 

to improving the health of the nation.

https://www.hhs.gov/sites/default/files/tick-borne-national-inventory-2022.pdf
https://www.hhs.gov/sites/default/files/tick-borne-national-inventory-2022.pdf
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Minority Response: A Premature Demise?
The Conclusion and Looking Forward chapter of 

the 2022 Tick-Borne Disease Working Group 

Report to Congress, which highlights many of the 

federal actions that have been taken in response 

to prior Working Group recommendations, 

makes no mention of the 2022 Working Group’s 

major failing—the decision by the majority to not 

recommend renewing the Tick-Borne Disease 

Working Group, which by statute, sunsets in 

December of 2022. The purpose of this minority 

report is to demonstrate why that decision is in 

error and to suggest a way forward. 

Generally speaking, federal advisory committees 

(FACs) serve two important purposes, to provide 

information and advice that would not otherwise 

be available through sources internal to the 

federal government and to provide an opportunity 

for the public to directly participate in this process 

(GSA, 2019).  

The structure of the Working Group created 

opportunities for success on both fronts. During 

its six-year existence, the Working Group drew 

not only on the expertise of its appointed 

members, but also on the multitude of subject 

matter experts, including those from the patient 

community, who served on 19 of the 21 different 

subcommittees. The broad spectrum of scientific 

perspectives and the inclusion of patients and 

patient representatives allowed for vigorous and 

respectful debates on highly contentious topics 

that (a) identified and prioritized gaps in the 

federal response to the threats posed by tick-

borne diseases and conditions, (b) proposed 

innovative strategies aimed at preventing, 

diagnosing, and effectively treating them, and (c) 

fostered relationship building between federal 

and public members. The benefits of employing 

this collaborative approach are reflected in the 

recommendations generated by the 2018, 2020, 

and 2022 Working Group members.

Progress on implementing these recommendations 

has been slow and uneven. While Working Group 

members agreed on the need to transition from 

identifying and addressing gaps toward 

implementing the recommendations that have 

already been made, there was disagreement  

as to how to proceed. Although there was 

widespread support at the April 27-28, 2022, 

meeting for a single FAC that included multiple 

components, an official vote on the matter was 

tabled so that a smaller group could work out the 

details of the recommendation (HHS, 2022). In  

the months that followed, the federal members’ 

support for the FAC recommendation evaporated, 

and the FAC recommendation put forth by that 

smaller group at the October 4-5, 2022, meeting 

did not pass. 

The majority, which included all of the federal 

members, erroneously maintained that because 

implementation is operational in nature, it is 

strictly within the purview of the federal 

government. Many expressed the belief that 

renewing the Working Group would place an 

undue burden, both in time and money, on the 

agencies. The majority appeared to believe that 

listening sessions and public workshops will be 

sufficient means for continuing public 

engagement. 

Those who supported renewing the Working 

Group respectfully disagree. We recognize that 

many of the gains the Working Group achieved 

were largely attributable to its unique ability to 

bring together disparate perspectives on equal 

footing. Among the many tick-borne diseases, 

Lyme disease has been an especially contentious 

topic for decades (Access to Care Services and 

Support to Patients Subcommittee, 2018; 

Maloney, 2016; Tonks, 2007). In their oral and 

written testimony to the Working Group as well 

as in a recently circulated petition to members of 



78

this Working Group, the Lyme disease community 

related how the voices of patients, clinicians, and 

researchers who challenge prevailing scientific 

and medical practices, particularly with regard to 

patients who remain ill after antibiotic treatment, 

have been systematically marginalized and/or 

silenced. As described in Chapter 3, Access to 

Care and Education, these types of structural 

barriers contribute to the health disparities that 

plague this patient population. 

Other groups within the broader tick-borne 

disease landscape were also beneficiaries of  

the Working Group structure. The considerable 

exposure that the Alpha-gal Syndrome community 

gained during the first cycle earned it well-

deserved attention within all three reports,  

and in 2022 an entire subcommittee report was 

devoted to this important medical topic. 

For many within the tick-borne disease community, 

the equality afforded to them by the Working 

Group structure and processes and the efforts  

at building consensus were laudable departures 

from the past. The community response to this 

successful forum has been to lobby for more 

tick-borne disease funding for NIH and CDC,  

and funding for these agencies has increased 

significantly as a result of these efforts. 

Discontinuing this forum may adversely affect 

future patient lobbying efforts as, from their 

perspective, listening sessions and informational 

exchanges represent a step backwards, not 

forwards. 

The work needed to achieve health equity for 

patients with tick-borne illnesses and associated 

illnesses is far from complete. Given that FACs are 

routinely renewed when their work is unfinished, 

it is a mistake for the majority to abandon this 

successful approach for engaging patients and 

soliciting input from a wide range of subject 

matter experts. Rather, the Working Group 

should be renewed under a new charter that 

pivots to building on the work that has already 

been done. Implementation of Working Group 

recommendations would benefit from the 

experiences and knowledge of outside experts 

and the affected patient groups. This “slimmed 

down” version of the Working Group would retain 

the critically important elements discussed above 

while reducing the financial and time commitments 

that were concerns to some federal members. 

Continuing public participation and federal 

transparency regarding federal tick-borne 

disease activities will increase the tick-borne 

disease community’s confidence that their needs 

and concerns are appropriately assessed and 

addressed.  

Recognizing that the vote on the recommendation 

to continue the Working Group will not be 

reconsidered, the future of the Tick-Borne 

Disease Working Group rests in the hands of the 

tick-borne disease community and their elected 

representatives. Patients, clinicians, and researchers 

who want the Working Group to continue should 

contact their federal representatives and urge 

them to pass legislation to reinstate the Working 

Group so that it can continue the work it so ably 

started. 

Respectfully, 

Elizabeth Maloney, MD

References

Access to Care Services and Support to Patients Subcommittee (2018). Report to the Tick-Borne 

Disease Working Group. U.S. Department of Health and Human Services. https://www.hhs.gov/ash/

advisory-committees/tickbornedisease/reports/access-to-care-2018-5-9/index.html

https://www.hhs.gov/ash/advisory-committees/tickbornedisease/reports/access-to-care-2018-5-9/index.html
https://www.hhs.gov/ash/advisory-committees/tickbornedisease/reports/access-to-care-2018-5-9/index.html
https://www.hhs.gov/ash/advisory-committees/tickbornedisease/reports/access-to-care-2018-5-9/index.html
https://www.hhs.gov/ash/advisory-committees/tickbornedisease/reports/access-to-care-2018-5-9/index.html


79

GSA (U.S. General Services Administration). (2019). The Federal Advisory Committee Act (FACA) 

Brochure. https://www.gsa.gov/policy-regulations/policy/federal-advisory-committee-management/

advice-and-guidance/the-federal-advisory-committee-act-faca-brochure

HHS (U.S. Department of Health and Human Services). (2022, April 29). Tick-Borne Disease Working 

Group Meeting | April 27 – 28, 2022 | Day 2, Part 1. YouTube. https://www.youtube.com/watch?v=sxkU_

jYJFRU 

Maloney, E. L. (2016). Controversies in persistent (chronic) Lyme disease. Journal of Infusion Nursing: 

The Official Publication of the Infusion Nurses Society, 39(6), 369–375. https://doi.org/10.1097/

NAN.0000000000000195

Tonks, A. (2007). Lyme wars. BMJ, 335, 910–912. https://doi.org/10.1136/bmj.39363.530961.AD 

https://www.gsa.gov/policy-regulations/policy/federal-advisory-committee-management/advice-and-guidance/the-federal-advisory-committee-act-faca-brochure
https://www.gsa.gov/policy-regulations/policy/federal-advisory-committee-management/advice-and-guidance/the-federal-advisory-committee-act-faca-brochure
https://www.gsa.gov/policy-regulations/policy/federal-advisory-committee-management/advice-and-guidance/the-federal-advisory-committee-act-faca-brochure
https://www.gsa.gov/policy-regulations/policy/federal-advisory-committee-management/advice-and-guidance/the-federal-advisory-committee-act-faca-brochure
https://www.youtube.com/watch?v=sxkU_jYJFRU
https://www.youtube.com/watch?v=sxkU_jYJFRU
https://www.youtube.com/watch?v=sxkU_jYJFRU
https://www.youtube.com/watch?v=sxkU_jYJFRU
https://doi.org/10.1097/NAN.0000000000000195
https://doi.org/10.1097/NAN.0000000000000195
https://doi.org/10.1097/NAN.0000000000000195
https://doi.org/10.1136/bmj.39363.530961.AD
https://doi.org/10.1136/bmj.39363.530961.AD


107

RESPECT:  
Everyone is valued 
We respect all people, treating them and their diverse 
experiences and perspectives with dignity, courtesy, and 
openness, and ask only that those we encounter in this mission 
return the same favor to us. Differing viewpoints are encouraged, 
always, with the underlying assumption that inclusivity and 
diversity of minority views will only strengthen and improve the 
quality of our collective efforts in the long term.

INNOVATION:  
Shifting the paradigm, finding a better way  
We strive to have an open mind and think out of the box. We keep what 
works and change what doesn’t. We will transform outdated 
paradigms when necessary, in order to improve the health and 
quality of life of every American.

HONESTY & INTEGRITY:  
Find the truth, tell the truth 
We are honest, civil, and ethical in our conduct, speech, and 
interactions with our colleagues and collaborators. We expect our 
people to be humble, but not reticent, and to question the status 
quo whenever the data and the evidence support such questions, 
to not manipulate facts and data to a particular end or agenda, 
and to acknowledge and speak the truth where we find it.

EXCELLENCE:  
Quality, real-world evidence underlies  
decision-making 
We seek out rigorous, evidence-based, data-driven, and 
human-centered insights and innovations—including physician 
and patient experiences—that we believe are essential for 
scientific and medical breakthroughs. We foster an environment 
of excellence that strives to achieve the highest ethical and 
professional standards, and which values the development of 
everyone’s skills, knowledge, and experience.

COMPASSION:  
Finding solutions to relieve suffering 
We listen carefully with compassion and an open heart in order 
to find solutions which relieve the suffering of others. We 
promise to work tirelessly to serve the greater good until that 
goal is achieved.

COLLABORATION:  
Work with citizens and patients as partners 
The best results and outcomes won’t be created behind closed 
doors, but will be co-created in the open with input of the 
American public working together with these core values as our 
guide. We actively listen to the patient experiences shared with 
us, respect the lived experiences of patients and their advocates, 
and learn from their experiences in our pursuit of objective 
truth. Across diverse audiences, we communicate effectively and 
collaborate extensively to identify shared goals and leverage 
resources for maximum public health impact.

ACCOUNTABILITY:  
The buck stops here 
We, as diligent stewards of the public trust and the funds 
provided by our fellow citizens, pledge to be transparent in all of 
our proceedings and to honor our commitments to ourselves and 
others, while taking full responsibility for our actions in service 
to American people.

Core Values to Achieve One Shared Vision

Shared Vision: A nation free of tick-borne diseases 
where new infections are prevented and patients have access to 
affordable care that restores health .
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Appendix A: Tick-Borne Disease Working Group 
Holiday Goodreau (Co-Chair)
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Deputy Director, Division of Vector-borne Diseases, Centers for Disease Control and Prevention,  
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Medicare & Medicaid Services, U.S. Department of Health and Human Services 
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Chief, Bacteriology and Mycology Branch, National Institute of Allergy and Infectious Diseases, National 
Institutes of Health, U.S. Department of Health and Human Services 
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Associate Professor and Director, Vector-borne Disease Research, Tulane National Primate Research Center 

Elizabeth Maloney, MD
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President, Partnership for Tick-borne Diseases Education 

Robert J. Miller, PhD 
National Program Leader, Agricultural Research Service, U.S. Department of Agriculture 

CDR Todd Myers, PhD, HCLD (ABB), MB (ASCP)
Office of Counterterrorism and Emerging Threats, Office of the Chief Scientist, Office of the Commissioner,  
U.S. Food and Drug Administration, U.S. Department of Health and Human Services 

Jennifer Platt, DrPH
Public member category: Patient and patient advocate
Co-founder, Tick-borne Conditions United 

Sunil K. Sood, MD
Public member category: Physician
Chair of Pediatrics, South Shore University Hospital; Attending Physician, Infectious Diseases, Cohen Children’s 
Medical Center; Professor of Pediatrics, Hofstra/Northwell 
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Kirby C. Stafford III, PhD 
Public member category: Researcher
Chief Scientist and State Entomologist, Department of Entomology, Center for Vector Biology & Zoonotic 
Diseases, The Connecticut Agricultural Experiment Station 

Leith Jason States, MD, MPH (FMF)
Deputy Chief Medical Officer, Office of the Assistant Secretary for Health, U.S. Department of Health and 
Human Services 

Gabriella Zollner (Romero), PhD
Program Manager, Deployed Warfighter Protection Program, U.S. Department of Defense 

Designated Federal Officers 

James (Jim) Berger, MS, MT (ASCP) SBB, (Designated Federal Officer)
Senior Blood and Tissue Policy Advisor, Office of Infectious Disease and HIV/AIDS Policy, Office of the Assistant 
Secretary for Health, U.S. Department of Health and Human Services  

B. Kaye Hayes, MPA, (Alternate Designated Federal Officer)
Deputy Assistant Secretary, Office of Infectious Disease and HIV/AIDS Policy, Office of the Assistant Secretary 
for Health, U.S. Department of Health and Human Services 

Support Staff 

Chinedu Okeke, MD, MPH-TM, MPA
Senior Policy Advisor, Office of Infectious Disease and HIV/AIDS Policy, Office of the Assistant Secretary for 
Health, U.S. Department of Health and Human Services 

Lauren Overman, MPH, CPH
Public Health Analyst, Office of Infectious Disease and HIV/AIDS Policy, Office of the Assistant Secretary for 
Health, U.S. Department of Health and Human Services 

Allison Petkoff
Public Health Analyst, Office of Infectious Disease and HIV/AIDS Policy, Office of the Assistant Secretary for 
Health, U.S. Department of Health and Human Services 

Contractor 

Rose Li & Associates, Inc. 
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Appendix B: Tick-Borne Disease Working Group Subcommittees
All subcommittees were overseen by the Working Group Co-Chairs: 

Holiday Goodreau 
Executive Director, LivLyme Foundation; Co-creator, TickTracker 

Linden Hu, MD 
Professor of Microbiology and Medicine, Vice Dean for Research, Tufts University School of Medicine

Access to Care and Education 

CAPT Rebecca Bunnell, MPAS, PA-C (Co-Chair)  
Senior Advisor, Learning and Diffusion Group, Center for Medicare & Medicaid Innovation, Centers for 
Medicare & Medicaid Services, U.S. Department of Health and Human Services 

Elizabeth Maloney, MD (Co-Chair) 
President, Partnership for Tick-borne Diseases Education

Holly Ahern, MS, MT(ASCP)
Associate Professor of Microbiology, SUNY Adirondack

Megan DuLaney, MS
Senior Advisor, U.S. Department of State 

Lorraine Johnson, JD, MBA 
Chief Executive Officer, MyLyme.Org

David Roberts, MD 
Associate Professor of Medicine, Dean for External Education, Harvard Medical School 

Ginger Savely, DNP 
Provider Specializing in the Treatment of Lyme Disease; Speaker and Author with a Focus on Lyme Disease 

Leith Jason States, MD, MPH (FMF) 
Chief Medical Officer, Office of the Assistant Secretary for Health, U.S. Department of Health and  
Human Services

Beatrice Szantyr, MD 
Physical Educator on Lyme Disease and Other Tick-Borne Diseases

Changing Dynamics of Tick Ecology, Personal Protection, and Control 

Robert J. Miller, PhD (Co-Chair) 
National Program Leader, Agricultural Research Service, U.S. Department of Agriculture 

Kirby C. Stafford III, PhD (Co-Chair)
Chief Scientist and State Entomologist, Department of Entomology, Center for Vector Biology & Zoonotic 
Diseases, The Connecticut Agricultural Experiment Station

Jill Auerbach 
Chairperson, Hudson Valley Lyme Disease Association; Coordinator, Tick Research to Eliminate Diseases: 
Scientist Coalition 
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Lars Eisen, PhD
Research Entomologist, Division of Vector-Borne Diseases, National Center for Emerging and Zoonotic 
Infectious Diseases, Centers for Disease Control and Prevention, U.S. Department of Health and Human Services  

Amanda Elam, PhD 
President/CEO, Galaxy Diagnostics 

Dina Fonseca, PhD 
Professor and Director, Center for Vector Biology, Rutgers University, The State University of New Jersey 

Rebecca Trout Fryxell, PhD
Associate Professor, Medical and Veterinary Entomology, The University of Tennessee Institute of Agriculture

Holly Gaff, PhD 
Professor, Department of Biological Sciences, Old Dominion University

Erika T. Machtinger, PhD 
Assistant Professor of Entomology, College of Agricultural Science, The Pennsylvania State University 

Lonnie Marcum, PT, BSHCA 
Physical Therapist; Health and Science Writer for LymeDisease.org 

Daniel Salkeld, PhD 
Research Scientist, Department of Biology, Colorado State University 

Pete D. Teel, PhD
Regents Professor, Department of Entomology, Texas A&M University

Stephen K. Wikel, PhD
Professor and Chair Emeritus of Medical Sciences, St. Vincent’s Medical Center, Quinnipiac University

Clinical Presentation and Pathogenesis 

Charles Benjamin (Ben) Beard, PhD (Co-Chair) 
Deputy Director, Division of Vector-borne Diseases, Centers for Disease Control and Prevention, U.S. 
Department of Health and Human Services Meghan Bradshaw 
Patient Advocate 

Jennifer Platt, DrPH, MSPH (Co-Chair) 
Co-founder, Tick-borne Conditions United

Leith Jason States, MD, MPH (FMF) (Co-Chair) 
Chief Medical Officer, Office of the Assistant Secretary for Health, U.S. Department of Health and Human Services  

Meghan Bradshaw 
Patient Advocate  

Sue Faber, RN, BScN
Co-founder, LymeHope

Brian Fallon, MD, MPH 
Director, Lyme and Tick-Borne Diseases Research Center, Columbia University Irving Medical Center 
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Allison Hinckley, PhD
Epidemiology Team Lead, Bacterial Diseases Branch, Division of Vector-borne Diseases, Centers for Disease 
Control and Prevention, U.S. Department of Health and Human Services 

Jacob Lemieux, MD, PhD
Clinical Researcher, Massachusetts General Hospital 

Tina Merritt, MD 
Healthcare Provider Specializing in Alpha-gal Syndrome

Rhisa Parera 
Tick-borne Disease Patient and Advocate

Diagnostics 

Monica E. Embers, PhD (Co-Chair)  
Associate Professor of Microbiology and Immunology and Director, Vector-Borne Disease Research, Tulane 
National Primate Research Center

CDR Todd Myers, PhD, HCLD (Co-Chair) 
Office of Counterterrorism and Emerging Threats, Office of the Chief Scientist, Office of the Commissioner,  
U.S. Food and Drug Administration, U.S. Department of Health and Human Services 
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Director, Johns Hopkins Lyme Disease Clinical Research Center; Associate Professor of Medicine, Johns 
Hopkins Medicine 

John Belisle, PhD 
Professor, Co-Director, Center for Metabolism and Infectious Diseases, Colorado State University

John Branda, MD 
Associate Professor of Pathology, Harvard Medical School; Associate Director, Microbiology Laboratory, 
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Appendix C: 2018, 2020, and 2022 Recommendations of the Tick-Borne Disease 
Working Group 

2018 Recommendations 

Chapter 3: Epidemiology and Ecology 

Recommendation 3.1: Fund studies and activities on tick biology and tick-borne disease ecology, including 
systematic tick surveillance efforts particularly in regions beyond the Northeast and Upper Midwest.

Recommendation 3.2: Fund systematic studies and activities to identify and characterize novel tick-borne 
disease agents in the United States.

Recommendation 3.3: Support economic studies and activities to estimate the total cost of illness associated 
with tick-borne diseases in the United States, beginning first with Lyme disease and including both financial and 
societal impacts.

Recommendation 3.4: Have public health authorities formally recognize complementary, validated systematic 
approaches to tick-borne disease surveillance for humans, such as systematic sampling of tick-borne disease 
reports for investigation that reduce the burden on tick-borne disease reporting but allow for comparability of 
surveillance findings across states and over time.

Recommendation 3.5: The Lyme disease surveillance criteria are not to be used alone for diagnostic purposes; 
public health authorities shall annually and when opportune (such as during Tick-Borne Disease Awareness 
Month) communicate this and inform doctors, insurers, state and local health departments, the press, and the 
public through official communication channels, including the CDC’s Morbidity and Mortality Weekly Report 
(MMWR).

Chapter 4: Prevention

Recommendation 4.1: Fund additional studies and activities on the development and evaluation of novel and 
traditional tick-control methods that have shown promise in other areas of public health entomology.

Recommendation 4.2: Build trust via a transparent mechanism by which all stakeholders examine and discuss 
past vaccine activities and potential adverse events to inform future vaccine development in Lyme disease.

Recommendation 4.3: Support the development of safe and effective human vaccines to prevent Lyme 
disease with transparent mechanisms by which all stakeholders examine and discuss past vaccine activities and 
potential adverse events to inform future vaccine development.

Recommendation 4.4: Prioritize education by informing clinicians and the general public about the regional 
and specific risks related to tick-borne diseases.

Chapter 5: Diagnosis

Recommendation 5.1: Evaluate new technology or approaches for the diagnosis of Lyme disease and other 
tick-borne diseases.
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Recommendation 5.2: Include special populations, especially children, in Lyme disease and other tick-borne 
diseases diagnostic studies.

Chapter 6: Treatment 

Recommendation 6.1: Prioritize research into the potential pathogenic mechanisms (such as immune response, 
cross-reactivity, autoimmunity, bacterial persistence, coinfections, and other mechanisms) of persistent 
symptoms in patients who have received standard treatment regimens for tick-borne diseases, including Lyme 
disease.

Recommendation 6.2: Promote research on animal models of Borrelia burgdorferi infection (that is, Lyme 
disease) and the mechanisms of disease processes in humans with an emphasis on pathologies that are 
currently lacking, for example, neuroborreliosis.

Recommendation 6.3: Improve the education and research on transmission (including transmission via the 
blood supply and pregnancy) and treatment of other tick-borne diseases and coinfections.

Recommendation 6.4: Conduct additional clinical trials appropriate to the target populations where gaps  
may exist.

Recommendation 6.5: Improve the education and research on the pathogenesis of alpha-gal allergy, also 
known as the tick-caused “meat allergy.”

Chapter 7: Access to Care, Patients Outcomes 

Recommendation 7.1: Create a Federal repository for information on Lyme disease and other tick-borne 
diseases.

Recommendation 7.2: Allocate increased funding for tick-borne disease in the areas of research, treatment, 
and prevention proportional to the burden of illness and need.

Recommendations: Ensure the rights of those dealing with Lyme disease and tick-borne diseases and 
conditions by reducing the burden of the processes under which patients are currently diagnosed and treated 
and by which they access care. Basic protections must include, but not necessarily be limited to, those that:
 

• Recommendation 7.3: Protect patients from employment discrimination. 

• Recommendation 7.4: Protect students of all ages from discrimination. 

• Recommendation 7.5: Protect patients from health care and disability insurance coverage and 
reimbursement policies that are unduly burdensome. 

• Recommendation 7.6: Protect the rights of licensed and qualified clinicians to use individual clinical 
judgment, as well as recognized guidelines, to diagnose and treat patients in accordance with the needs 
and goals of each individual patient.
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Chapter 8: Looking Forward 

Recommendation 8.1: NIH: Create an NIH tick-borne disease strategic plan, with public input during creation 
and implementation, to address tick-borne diseases, including all stages of Lyme disease. Include in the 
strategic plan the coordination of research funding across NIAID, NINDS, NIAMS, and NIMH to increase 
knowledge of pathogenesis, improve diagnosis, and develop and test new therapeutics for tick-borne diseases. 
Update every five years.

Recommendation 8.2: CDC: Dedicate funding within CDC to study—with performance indicators—babesiosis 
incidence, prevalence, treatment resistance, and prevention, including maternal-fetal and transplantation/
transfusion transmission risk. Consider using advanced data tools, such as patient registries, to study the 
potential role of Babesia in tickborne disease patients with continuing manifestations of disease after initial 
treatment.

Recommendation 8.3: DoD: Commence study of tick-borne disease incidence and prevalence of active 
duty Servicemembers and their dependents. Compile data on the impact of tick-borne diseases on military 
readiness. Create education and preparedness programs that specifically address the unique risks faced by 
Servicemembers in training and on deployment and by their families.

Recommendation 8.4: VA: Commence study of tick-borne disease incidence and prevalence of Veterans and 
eligible family members.

Recommendation 8.5: Develop and disseminate more comprehensive clinician education that highlights 
diverse symptomology, expanding geography of infecting ticks, and limitations of current testing procedure. 
In developing the curriculum, include diverse stakeholder groups, including clinicians, research scientists, 
and patients who represent the spectrum of scientific and medical expertise and perspectives on tick-borne 
disease.

2020 Recommendations 

Chapter 3: Tick Biology, Ecology, and Control 

Recommendation 3.1: Implement multi-agency, ecologically-based One Health efforts on tick-borne diseases 
promoting research and enhanced vector surveillance to identify and validate integrated tick management in 
keystone wildlife hosts, particularly white-tailed deer, and the sustainable management of their populations.

Recommendation 3.2: Minimize the public health threat of Lyme disease and other tickborne diseases 
through special funding for integrated tick management, disruption of tick biological processes contributing to 
pathogen transmission, and the support of public-private partnerships to develop and promote area-wide tick 
control strategies.

Recommendation 3.3: Provide funding to support CDC-directed expanded tick surveillance and promoting 
the development and implementation of best practices for integrated tick management capturing human tick 
bite events, and streamlining education, training, and coordination amongst relevant Federal, state, and local 
agencies.
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Chapter 4: Clinical Manifestations, Diagnosis, and Diagnostics 

Recommendation 4.1: Fund research aimed at characterizing the full clinical spectrum, clinical manifestations, 
and potential complications of human monocytic ehrlichiosis (HME) and human granulocytic anaplasmosis 
(HGA), including identification of risk factors for severe illness and the importance of specific comorbidities, 
patient characteristics (age, gender, and race), immune impairment, and genetic host factors.

Recommendation 4.2: Establish and fund research for sensitive and specific diagnostic tests for acute 
rickettsial, ehrlichial, and anaplasmal diseases. Encourage development of these tests as in vitro diagnostics 
approved by FDA.

Recommendation 4.3: Establish and fund research for sensitive and specific diagnostic tests for the broader 
range of tick-borne diseases, including tick-borne relapsing fever, Powassan virus, and other emerging tick-
borne pathogens. Encourage development of these tests as in vitro diagnostics approved by FDA.

Recommendation 4.4: Provide HHS with resources to partner with national Integrated Delivery Networks 
(IDNs) (for example, Geisinger, Kaiser, etc.) to conduct a pilot feasibility study to leverage Electronic Medical 
Records (EMRs) using Best Practice Alerts at the patient point-of-care for Alpha-gal Syndrome in endemic areas 
(upholding patient confidentiality).

Recommendation 4.5: Provide HHS with resources to partner with national Integrated Delivery Networks 
(IDNs) (for example, Geisinger, Kaiser, etc.) to conduct a pilot feasibility study to leverage Electronic Medical 
Records (EMRs) using Best Practice Alerts at the patient point-of-care for rickettsial diseases, ehrlichiosis, and 
anaplasmosis in endemic areas (upholding patient confidentiality).

Chapter 5: Causes, Pathogenesis, and Pathophysiology 

Recommendation 5.1: Provide HHS with resources necessary to fund basic science research and clinical 
research to investigate the pathology of the human immune response following tick bites (e.g., Alpha-gal 
Syndrome [AGS]).

Recommendation 5.2: Support the targeted funding of research to understand the role of persistence of 
bacteria and bacterial products in the pathogenesis and management of Lyme disease (e.g., antibiotic regimens 
and other therapeutics).

Recommendation 5.3: Support targeted funding opportunities for research to better inform the diagnosis, 
pathogenesis, and management of Lyme carditis.

Chapter 6: Treatment 

Recommendation 6.1: Encourage clinical trials on early and persistent Lyme disease.

Recommendation 6.2: Conduct laboratory, clinical, and field research to address gaps in our capacity to treat 
and prevent the broader range of tick-borne diseases, including particularly babesiosis, tick-borne relapsing 
fever, Powassan virus infection, and other low-incidence tick-borne diseases.
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Chapter 7: Clinical and Public Education, Patient Access to Care 

Recommendation 7.1: Recommend Federal government websites and educational materials and seminars for 
clinicians, the public, and public health departments, which discuss Lyme disease, provide information that the 
state of the science relating to persistent symptoms associated with Lyme disease, is limited, emerging, and 
unsettled; and increase public awareness that there are divergent views on diagnosis and treatment. Consider 
that shared medical decision-making may be appropriate in some circumstances.

Recommendation 7.2: Fund and support a directive for CDC (or other appropriate HHS OPDIV or agency) to 
develop (either directly or through an approved federal contract) a multi-leveled and nationwide curriculum 
on Lyme disease for clinicians-in-training as well as continuing medical education modules to increase the 
pool of qualified and practicing clinicians. Provide funding for the U.S. military to participate in this nationwide 
training and education on Lyme disease and other tick-borne diseases and conditions. This curriculum should 
be introduced and encouraged at the State level. The final curriculum shall incorporate feedback from patients, 
clinicians, and research scientists with expertise/experience that represents diverse scientific and clinical 
experiences on the full spectrum of Lyme disease and other tick-borne diseases/conditions

Recommendation 7.3: Fund efforts across the U.S. to expand/require medical education to inform emergency, 
primary care, and other healthcare providers and to raise clinician and public awareness of rickettsial (including 
Rocky Mountain spotted fever), ehrlichial, and anaplasmal diseases.

Recommendation 7.4: Fund efforts across the U.S. to expand/require medical education to inform emergency, 
primary care, and other healthcare providers and to raise clinician and public awareness of babesiosis, tick-
borne relapsing fever, emerging tick-borne viral infections, and other low-incidence tick-borne diseases.

Recommendation 7.5: Generate broad awareness of Alpha-gal Syndrome through the following two 
mechanisms: 

• Provide funding/support/resources necessary to create a National Tick-Borne Alpha-gal Syndrome Alert that 
is focused on awareness, prevention, and education regarding tick associated Alpha-gal Syndrome and that 
targets key stakeholder groups. 

• Label foods/beverages, medications and medical products, cosmetics, etc. containing mammalian-derived 
components for the safety of consumers with Alpha-gal Syndrome.

Chapter 8: Epidemiology and Surveillance 

Recommendation 8.1: Fund prospective studies of acute febrile illnesses to assess the burden of tick-borne 
diseases, including rickettsial, ehrlichial, and anaplasmal pathogens.

Recommendation 8.2: Recommend that CDC work with Council of State and Territorial Epidemiologists 
(CSTE) to streamline the surveillance process and to reduce the burden on both clinicians and public health 
departments by permitting direct laboratory reporting of positive cases.

Recommendation 8.3: Further evaluation of non-tick bite transmission of Lyme disease, for example maternal-
fetal transmission.

Chapter 9: Federal Inventory 

Recommendation 9.1: VA: Recommend that the VA continue with Recommendation 8.4 from 2018 Working 
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Group report, “Commence study of tick-borne disease incidence and prevalence of Veterans and eligible family 
members” and additionally 

• Establish and update efforts on tracking and investigating the prevalence of Lyme and other tick-borne 
diseases; and

• Make educational modules available to practitioners.

Recommendation 9.2: DoD: Recommend that the DoD enhance inter-agency communication and 
collaboration to study Lyme disease and other tick-borne diseases.

Recommendation 9.3: CDC: Recommend that if the CDC posts any Lyme treatment guidelines, that they 
include guidelines on persistent Lyme Disease.

Recommendation 9.4: NIH: Recommend that the NIH create one or more study sections composed of 
members whose expertise is human clinical diseases and their pathogenesis and immunity not just basic 
science to evaluate applications focused on practical impact on human health related to tick-borne diseases.

Recommendation 9.5: NIH: Recommend that NIH receive additional funding which must be dedicated to 
study Lyme disease including persistent Lyme disease and other tickborne diseases and conditions; and they 
encourage researchers to apply for these studies.

Recommendation 9.6: CMS: Recommend that CMS provides all information and data on Lyme disease and 
other tick-borne diseases and all applicable agency activities pertaining to these conditions which may include 
but should not be limited to:

• Reimbursement costs for the diagnosis and treatment of beneficiaries with Lyme disease and other tick-borne 
diseases; 

• Demonstration and pilot projects with Lyme disease and other tick-borne diseases as their focus; and 

• Quality measure development and implementation related to Lyme disease and other tick-borne diseases.

2022 Recommendations

Chapter 3: Access to Care and Education

Recommendation 3.1: Provide funding for the U.S. Department of Health and Human Services to sponsor the 
National Academy of Medicine (NAM) within the National Academies of Science, Engineering and Medicine 
to conduct an objective, comprehensive review of the basic science and clinical evidence for diagnosis and 
treatment of Lyme disease, with emphasis on acute and Persistent Lyme Disease/Chronic Lyme Disease (PLD/
CLD). The purpose for conducting an objective review would be to establish what is definitely known, what 
is partially understood, and what remains unknown about Lyme disease. The review mechanism shall be 
transparent and include public stakeholders and patient representatives, experts in trial design and execution, 
as well as a diversity of experts who represent the full spectrum of scientific perspectives on Lyme disease. 
The expert panel will produce a comprehensive public report, which will be used to inform federal and state 
initiatives. 

Recommendation 3.2: Upon activation of Recommendation 8.1 of the Tick-Borne Disease Working Group 
2022 Report to Congress outlining implementation of Working Group priorities, the first recommendations 
to be discussed for updates and public input are Recommendations 7.1 and 7.2 from the Tick-Borne Disease 
Working Group 2020 Report to Congress that address educational materials and web content. Emphasis should 
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be placed on receiving input via meaningful engagement with stakeholders on how these recommendations 
have been implemented to date across HHS operating divisions and how well they reflect the current state of 
the science.

Recommendation 3.3: Fund and support continued and ongoing modification of the federal government 
websites, starting with the CDC and NIH websites, as well as educational materials and seminars for clinicians, 
the public, and public health departments to reflect the current state of the science related to Persistent Lyme 
Disease/Chronic Lyme Disease (PLD/CLD), which is limited, emerging, and unsettled, and to acknowledge that 
there are divergent views on diagnosis and treatment of patients with PLD/CLD.

Recommendation 3.4: Provide the HHS Secretary with discretionary authority to maintain telehealth flexibilities 
independent of Public Health Emergency declaration for patients with tick-associated illnesses in order to 
ensure access, parity, and equity for those receiving in-person and telehealth services.

Recommendation 3.5: Fund, support, and encourage community-based participatory research programs for 
Persistent Lyme Disease/Chronic Lyme Disease (PLD/CLD) and complex presentations of late Lyme disease and 
other tick bite-associated illnesses. This includes the development and growth of community research capacity 
to accelerate the fundamental knowledge base using “big data” registries, data-sharing platforms, specimen 
and tissue sample repositories, and genomic and precision medicine approaches that reflect the underlying 
heterogeneous nature of tick-borne diseases and associated illnesses.  

Chapter 4: Changing Dynamics of Tick Ecology, Personal Protection, and Control

Recommendation 4.1: Increase funding for research on tick ecology towards more effective tick and tick-borne 
disease surveillance and tick control. Tick ecology is an important part of the One Health concept that also 
includes people and companion animals.

Recommendation 4.2: Increase funding to develop, evaluate, and deploy tick bite prevention and tick control 
approaches and strategies. Minimize roadblocks and streamline the regulatory process for getting new tick bite 
prevention and tick control products to market.

Recommendation 4.3: Increase adoption and expand knowledge of tick bite prevention and tick control 
methods across all affected groups, including implementation of occupational standards for employees at high 
risk of tick-associated illnesses.

Chapter 5: Clinical Presentation and Pathogenesis

Recommendation 5.1: Support additional research on the mechanisms of pathogenesis of tick-borne disease, 
with a particular focus on central nervous system infection (including neuropsychiatric illness and neuropathic 
injury), persistent symptoms, allergy (Alpha-gal Syndrome), immunity, autoimmunity, pregnancy, and adverse 
fetal outcomes.

Recommendation 5.2: Provide funding to support research investigating the prevalence of undetected 
tick-borne illness among subgroups of the population who may have multi-systemic chronic conditions (e.g., 
mental illness, musculoskeletal diseases, etc.) and who have been inadequately medically evaluated, including 
individuals in psychiatric facilities, prisons, homeless shelters, other populations experiencing health disparities 
or disabilities.
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Recommendation 5.3: Require labeling of foods, products, beverages (including alcohol), cosmetics, and 
pharmaceuticals that contain non-primate mammalian ingredients (active or inactive) and update the FDA’s 
Food Safety Modernization Act to incorporate Alpha-gal Syndrome (AGS) awareness training into the FDA’s 
“Retail Food Industry/Regulatory Assistance and Training” Program.

Recommendation 5.4: Provide funding for studies, particularly prospective studies, that evaluate clinical 
similarities, mechanisms of pathogenesis, and common etiologies for long COVID and other infection-
associated chronic illnesses, with tick-associated chronic illness and/or persistent symptoms associated with 
tick-borne diseases.

Recommendation 5.5: Develop and maintain comprehensive biospecimen repositories (e.g., whole blood, 
sera, cerebrospinal fluid, maternal and fetal tissues and fluids, and autopsy specimens) for use in developing 
and/or improving diagnostic assays, both direct and indirect, and for research into transmission and 
pathogenesis, for broad applications including early diagnosis, distinction of current versus past infection,  
and for use in pregnancy and fetal outcome applications. 

Chapter 6: Diagnostics

Recommendation 6.1: Convene a panel of stakeholders and experts in tick-borne disease diagnostics, 
including but not limited to researchers, government, investors, small businesses, large clinical labs, patient 
advocates, and diagnostics companies, with the goal of promoting the evaluation and development of current 
and promising new diagnostic approaches.  

Recommendation 6.2: Recommend increases in federal funding (CDC or NIH) to: (1) build a national 
biorepository of human clinical specimens for tick-borne disease supported by a national network of qualified 
labs and physician clinics; and (2) build a clinical and translational research program involving a network of 
clinical and academic centers.  

Recommendation 6.3: Provide federal support for tick-borne-disease diagnostics through an innovation 
pipeline with direct Congressional appropriations for a tick-borne-disease innovation accelerator and system 
that provides targeted funding opportunities, use authorization, lab-to-market commercialization, and 
implementation via relevant federal agencies. 

Chapter 7: Disease Prevention and Treatment

Recommendation 7.1: Improve the quality, timeliness, and completeness of surveillance and reporting of tick-
borne diseases nationwide. The resulting information should be used to educate health care providers and the 
public to prevent, diagnose, and treat tick-borne diseases.  

Recommendation 7.2: Increase funding to develop multi-pathogen vaccines, “anti-tick” vaccines, and new 
prevention strategies to provide broad protection against different tick-borne pathogens. Research on stand-
alone Lyme disease vaccines should look for alternatives to human OspA-based vaccine approaches. 

Recommendation 7.3: Accelerate discovery, preclinical and clinical development of effective treatments for 
tick-borne diseases. Increase funding for research into understudied areas of treatment for tick-borne diseases, 
including but not limited to pediatric neuropsychiatric illnesses, pregnancy outcomes in infected women, and 
persistent post-treatment symptoms in all age groups, with emphasis on Lyme disease.  
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Chapter 8: Conclusion and Looking Forward

Recommendation 8.1: Request that following sunset of the Tick-Borne Disease Working Group, HHS’s Office 
of the Assistant Secretary for Health (OASH) convene regular virtual public co-creation or collaboration 
workshops and technical consultations, in concert with relevant HHS operating divisions (CDC, FDA, NIH, 
and CMS) and with other relevant federal departments to share updates and receive input on progress made 
towards implementing federal advisory committee (FAC) recommendations from the three reports to Congress. 
The recommendations should be tracked back to the Goals, Strategies, and Objectives of the anticipated 
national public health strategy for the prevention and control of vector-borne diseases in humans, of which HHS/
OASH is currently leading the development, to ensure progress is made on recommendations, as resources 
allow. Through these regularly convened public engagement sessions, public input should be collected and an 
open dialogue should be supported to ensure continued, meaningful engagement with the tickborne disease 
community (including patients, advocates, scientists, clinicians, and educators).  



96

Appendix D: Methods of the Working Group
The Tick-Borne Disease Working Group utilized five subcommittee reports, public comments, and both 
published and unpublished research to inform the Tick-Borne Disease Working Group 2022 Report to 
Congress. A complementary report—The 2022 National Inventory of Tick-Borne Diseases and Associated 
Illnesses—was also prepared for the Working Group to provide insight into the current national response to 
tick-borne diseases and associated illnesses and to identify gaps. This section describes the Working Group’s 
subcommittees and how their work informed the Report to Congress, minority responses, the process for 
receiving and reviewing public comments, and the components of the National Inventory.  

Subcommittees and Report Development

In August 2021, the Working Group established the following five subcommittees composed of qualified and 
experienced members to gather information, data, and research that would enable the Working Group to 
thoroughly examine several issues related to tick-borne diseases and associated illnesses.  

• Access to Care and Education

• Clinical Presentation and Pathogenesis

• Diagnostics

• Disease Prevention and Treatment

• Public Comments

• Tick Ecology, Personal Protection, and Control

Each subcommittee consisted of 9 to 14 individuals with diverse perspectives, trainings, and experiences, 
including at least one patient or patient advocate. Working Group members served as subcommittee co-
chairs, responsible for recruiting members, organizing speaker schedules, and assigning writing tasks. 
Each subcommittee had at least one federal and one public Working Group member. To facilitate cohesion 
and communication among the groups, one or both of the Working Group’s Co-Chairs attended most 
subcommittee meetings. They also attended weekly status meetings with the Designated Federal Officer  
and support staff to track and monitor subcommittee progress. 

Over a four-month period, weekly or biweekly subcommittee meetings offered opportunities for open dialogue 
and presentations from subject matter experts.3 Each subcommittee identified several priorities, divided into 
writing groups, and developed a report to the Working Group that described current efforts, gaps in research, 
and potential actions to address each priority. In drafting their reports, the subcommittees compiled information 
from expert, advocate, and patient presentations; collective subcommittee member knowledge; and literature 
reviews. In finalizing their reports, subcommittee members voted on the priority findings. During Public 
Meeting 20 (February 28 and March 1, 2022), each subcommittee’s co-chairs presented their findings to the 
Working Group. They gave a slide presentation highlighting their respective report’s background, methods, 
findings, and rationale. All subcommittee reports are available on the Working Group’s website.  

In the following months, the Working Group prioritized and revised the subcommittees’ findings to generate 
and vote on recommendations for the 2022 Report to Congress. Members formed writing groups, which drew 

from the subcommittee reports and public comments to develop chapter content. After all members had the 

opportunity to review draft material, provide input, and read revisions, the Working Group voted on individual 

chapters and the report in its entirety.  

3The subcommittees were established to conduct preparatory work for the Working Group to consider, and their work process differed from that of the 
Working Group. For example, the subcommittees were not required to follow the same FACA requirements (41 C.F.R. § 102–3.35; 41 C.F.R. at § 102–3.160(a)).

https://www.hhs.gov/sites/default/files/tick-borne-national-inventory-2022.pdf
https://www.hhs.gov/sites/default/files/tick-borne-national-inventory-2022.pdf
https://www.hhs.gov/ash/advisory-committees/tickbornedisease/reports/index.html
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In addition to the five subcommittees described previously, the Working Group continued the Public Comment 

Subcommittee, composed of four Working Group members. Originally formed during the 2020 cycle, this 

subcommittee continued the work of processing and synthesizing input received from members of the public. 

Minority Responses

Some of the content in this report is subject to opposing viewpoints. These are expressed in a minority 

response at the end of Chapter 8: Conclusion and Looking Forward. The minority response reflects the views of 

the individual author and not necessarily the views of the Working Group or the U.S. Department of Health and 

Human Services.

Public Input

In compliance with FACA requirements, the Working Group provided opportunities for public comment 

through the following channels:

• Verbal comments given at Working Group public meetings 

 Every Working Group meeting allocated time for public comments. A three-minute time limit was instituted 
for each commenter to allow as many members of the public to participate as possible.

• Written comments submitted prior to the Working Group public meetings 

 To accommodate individuals who could not attend the public meetings, the public was invited to submit their 
written comments to the Working Group. Comments received for all meetings can be viewed in each meeting 
tab on the Working Group’s website.  

• Email comments 

 The public could also email their comments to the Working Group. Emails were reviewed but not published 
on the Working Group website. Emails received on or before October 11, 2022, were reviewed and considered 
in this report. Those received on or after October 12, 2022, were reviewed but not incorporated into the 
report.  

All Working Group members received every public comment via Word documents. In addition, the Public 

Comments Subcommittee synthesized public input and presented key themes at public meetings. The results 

of the subcommittee’s work are summarized in Chapter 2: Public Comments. 

The 2022 National Inventory of Tick-Borne Diseases and Associated Illnesses

The 2018 and 2020 Federal Inventories were developed to collect and synthesize information from federal 

agencies regarding research and surveillance of tick-borne diseases. The survey data were used to inform the 

Working Group about advances, overlaps, and gaps in federal activities. This year the inventory was expanded 

into the 2022 National Inventory of Tick-Borne Diseases and Associated Illnesses, comprising two data collection 

methods: 

• A scoping review of published and unpublished literature

• A survey of five federal agencies, five states, and seven private organizations 

The National Inventory was designed to provide a comprehensive overview of the national response to tick-

borne diseases and associated illnesses with the aim of establishing a baseline of data and a reliable framework 

from which to build future tick-borne disease inventories. 
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Scoping Review of Literature

The scoping review is an assessment of the compilation of human tick-borne disease research, both published 

and unpublished, in the United States between January 1, 2018, and June 30, 2022. The review included 

national research related to causes, prevention, treatment, surveillance, diagnosis, diagnostics, duration of 

illness, and clinical presentation and pathogenesis of tick-borne diseases and associated illnesses. The goal 

was to examine the extent, range, and nature of research activities, identify research gaps and overlaps, and 

summarize and disseminate research findings. 

Survey of Federal Agencies, States, and Private Organizations

The survey component characterizes devoted tick-borne disease staffing, funding, and related activities across 

federal agencies, states, and private organizations in areas of research, programs, and public health initiatives 

since 2018. Federal survey responses were received from the Centers for Disease Control and Prevention, 

National Institutes of Health, Food and Drug Administration, Department of Defense, and Department of 

Agriculture. Although the Centers for Medicare & Medicaid Services (CMS) did not participate, a CMS data 

collection framework was developed to enable a future collection of Medicare reimbursement costs for tick-

borne diseases. 

Nine states—Connecticut, Delaware, Maine, Minnesota, New Jersey, New York, Pennsylvania, Virginia, and 

Wisconsin—with the highest incidence of tick-borne diseases were surveyed to determine the activities and 

expenditures on tick-borne diseases per year, from 2018 to 2021. Five states provided responses. To augment 

state data, additional sources of state data were collected and included in the National Inventory. These 

included the 2020 Vector Control Assessment, conducted by the National Association of Country and City 

Health Officials (NACCHO), and annual published state reports. 

Eight U.S.-based, private organizations that provide funding for tick-borne disease research or programs were 

also surveyed, with seven respondents. These organizations were identified by soliciting names of the top 

funders from 2022 Working Group members. Survey respondents provided information about the types of 

activities and research they fund, public-private sector collaborations, and public engagement. 

https://www.naccho.org/uploads/downloadable-resources/Vector-control_2020-assessment-report_Final.pdf
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Appendix E: Acronyms and Abbreviations

AGS Alpha-gal Syndrome

ARPA-H Advanced Research Project Agency for Health

BARDA Biomedical Advanced Research and Development Authority

CBPR community-based participatory research

CDC Centers for Disease Control and Prevention

CLIA Clinical Laboratory Improvement Amendments

CME continuing medical education

CMS Centers for Medicare & Medicaid Services

CPG clinical practice guideline

CSTE Council of State and Territorial Epidemiologists

DARPA Defense Advanced Research Projects Agency

ddPCR droplet digital polymerase chain reaction 

DFO Designated Federal Officer

DoD U.S. Department of Defense

ELISA enzyme-linked immunosorbent assay

EM erythema migrans

FAC federal advisory committee

FACA Federal Advisory Committee Act

FDA U.S. Food and Drug Administration

FY fiscal year

GRADE Grading of Recommendations, Assessment, Development, and Evaluations

HHS U.S. Department of Health and Human Services

HRTV Heartland virus

IgG immunoglobulin G antibodies

IgM immunoglobulin M antibodies

mAb monoclonal antibody

MMWR Morbidity and Mortality Weekly Report

mRNA messenger RNA

MTTT modified two-tier test

NAAT nucleic acid amplification test

NAM National Academy of Medicine (formerly Institute of Medicine)

NGS next-generation sequencing

NIH National Institutes of Health
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OASH Office of the Assistant Secretary for Health (HHS)

OIDP Office of Infectious Disease and HIV/AIDS Policy (HHS)

OspA outer surface protein A

PCR polymerase chain reaction

PLD/CLD Persistent Lyme Disease/Chronic Lyme Disease

POWV Powassan virus

PTLD Post-treatment Lyme disease

RMSF Rocky Mountain spotted fever

SAAT Soliman Auricular Acupuncture Treatment

SARS CoV-2 COVID-19 coronavirus

SDOH social determinants of health

SLICE Study of Lyme Disease Immunology and Clinical Events

SNP single nucleotide polymorphism

STARI Southern tick-associated rash illness

STTT Standard two-tier test

TBE tick-borne encephalitis

TBRF tick-borne relapsing fever

USDA U.S. Department of Agriculture

VA U.S. Department of Veterans Affairs

VALID Act Verifying Accurate, Leading-edge IVCT Development Act
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Appendix F: 21st Century Cures Act
The 21st Century Cures Act, enacted in December 2016, authorizes the Secretary of the U.S. Department 
of Health and Human Services (HHS) to establish a Tick-Borne Disease Working Group to serve as a Federal 
Advisory Committee. The Working Group is to comprise federal and public members with diverse disciplines 
and views pertaining to tick-borne diseases. The Act charges the Working Group to provide a report to 
Congress and the HHS Secretary on its findings and any recommendations every two years. Working Group 
responsibilities include a review of ongoing research and resulting advances; federal epidemiological and 
research efforts; and identification of research gaps. The 21st Century Cures Act, Section 2062 Tick-Borne 
Diseases, is provided below. The legislation is available in its entirety at 21st Century Cures Act. 

SEC. 2062. TICK-BORNE DISEASES. 

(a)  IN GENERAL. The Secretary of Health and Human Services (referred to in this section as ‘‘the Secretary’’) 
shall continue to conduct or support epidemiological, basic, translational, and clinical research related to 
vector-borne diseases, including tick-borne diseases. 

(b)  REPORTS. The Secretary shall ensure that each triennial report under section 403 of the Public Health 
Service Act (42 U.S.C. 283) (as amended by section 2032) includes information on actions undertaken by the 
National Institutes of Health to carry out subsection (a) with respect to tick-borne diseases. 

(c)  TICK-BORNE DISEASES WORKING GROUP. 

(1)  ESTABLISHMENT. The Secretary shall establish a working group, to be known as the Tick-Borne Disease 
Working Group (referred to in this section as the ‘‘Working Group’’), comprised of representatives of 
appropriate Federal agencies and other non-Federal entities, to provide expertise and to review all 
efforts within the Department of Health and Human Services related to all tick-borne diseases, to help 
ensure interagency coordination and minimize overlap, and to examine research priorities. 

(2)  RESPONSIBILITIES. The working group shall 

(A) Not later than 2 years after the date of enactment of this Act, develop or update a summary of 

(i)  Ongoing tick-borne disease research, including research related to causes, prevention, treatment, 
surveillance, diagnosis, diagnostics, duration of illness, and intervention for individuals with tick-
borne diseases; 

(ii) Advances made pursuant to such research; 

(iii) Federal activities related to tick-borne diseases, including 

(I) Epidemiological activities related to tick-borne diseases; and 

(II) Basic, clinical, and translational tick-borne disease research related to the pathogenesis, 
prevention, diagnosis, and treatment of tick-borne diseases;

(iv) Gaps in tick-borne disease research described in clause (iii)(II); 

(v) The Working Group’s meetings required under paragraph (4); and

(vi) The comments received by the Working Group;

(B)  Make recommendations to the Secretary regarding any appropriate changes or improvements to 
such activities and research; and 

(C)  Solicit input from States, localities, and nongovernmental entities, including organizations 
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representing patients, health care providers, researchers, and industry regarding scientific advances, 
research questions, surveillance activities, and emerging strains in species of pathogenic organisms.

(3)  MEMBERSHIP. The members of the working group shall represent a diversity of scientific disciplines and 
views and shall be composed of the following members: 

(A)  FEDERAL MEMBERS. Seven Federal members, consisting of one or more representatives of each of 
the following: 

(i)  The Office of the Assistant Secretary for Health. 

(ii)  The Food and Drug Administration. 

(iii)  The Centers for Disease Control and Prevention. 

(iv)  The National Institutes of Health. 

(v)  Such other agencies and offices of the Department of Health and Human Services as the Secretary 
determines appropriate.

(B)  NON–FEDERAL PUBLIC MEMBERS. Seven non–Federal public members, consisting of representatives 
of the following categories: 

(i)  Physicians and other medical providers with experience in diagnosing and treating tickborne 
diseases.

 (ii)  Scientists or researchers with expertise. 

(iii)  Patients and their family members. 

(iv)  Nonprofit organizations that advocate for patients with respect to tick-borne diseases. 

(v)  Other individuals whose expertise is determined by the Secretary to be beneficial to the 
functioning of the Working Group.

(4)  MEETINGS. The Working Group shall meet not less than twice each year. 

(5)  REPORTING. Not later than 2 years after the date of enactment of this Act, and every 2 years thereafter 
until termination of the Working Group pursuant to paragraph (7), the Working Group shall 

(A)  Submit a report on its activities under paragraph (2)(A) and any recommendations under paragraph 
(2)(B) to the Secretary, the Committee on Energy and Commerce of the House of Representatives, and 
the Committee on Health, Education, Labor, and Pensions of the Senate; and

(B)  Make such report publicly available on the Internet website of the Department of Health and Human 
Services. 

(6)  APPLICABILITY OF FACA. The Working Group shall be treated as an advisory committee subject to the 
Federal Advisory Committee Act (5 U.S.C. App.). 

(7)  SUNSET. The Working Group under this section shall terminate 6 years after the date of enactment  
of this Act.
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Appendix G: Charter of the Tick-Borne Disease Working Group

Charter
The charter defines how the Working Group is structured and functions in response to the charge provided 
by the 21st Century Cures Act, and is renewed every two years in accordance with federal advisory committee 
guidelines. The current charter expires August 10, 2023.

Tick-Borne Disease Working Group

Authority

The Tick-Borne Disease Working Group (hereafter referred to as the Working Group) is required under Section 
2062 of the 21st Century Cures Act, Public Law 114-255. The Working Group is governed by the provisions of 
the Federal Advisory Committee Act (FACA), Public Law 92-463, as amended (5 U.S.C. App 2).

Objectives and Scope of Activities

The Secretary of Health and Human Services (Secretary) is responsible for ensuring the conduct of or support 
for epidemiological, basic, translational, and clinical research related to vector-borne diseases, including 
tick-borne diseases. The Working Group will provide expertise and review all efforts within the Department 
of Health and Human Services related to all tick-borne diseases, to help ensure interagency coordination and 
minimize overlap, and to examine research priorities.

Description of Duties

The Working Group shall have the following responsibilities:

(A) Not later than two years after the date of enactment of the authorizing legislation, develop or update a 
summary of:

(1)  ongoing tick-borne disease research, including research related to causes, prevention, treatment, 
surveillance, diagnosis, diagnostics, duration of illness, and intervention for individuals with tick-borne 
diseases;

(2)  advances made pursuant to such research;

(3)  federal activities related to tick-borne diseases, including:

(a)  epidemiological activities related to tick-borne diseases; and

(b)  basic, clinical, and translational tick-borne disease research related to the pathogenesis, prevention, 
diagnosis, and treatment of tick-borne diseases.

(4)  gaps in tick-borne disease research described in clause 3b;

(5)  the Working Group’s meetings; and

(6)  the comments received by the Working Group.

(B) Make recommendations to the Secretary regarding any appropriate changes or improvements to such 
activities and research; and

(C) Solicit input from States, localities, and non-governmental entities, including organizations representing 
patients, health care providers, researchers, and industry regarding scientific advances, research questions, 

https://www.hhs.gov/ash/advisory-committees/tickbornedisease/about/21-century-cures-act/index.html
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surveillance activities, and emerging strains in species of pathogenic organisms.

Agency or Official to Whom the Working Group Reports

The Working Group provides recommendations to the Secretary.

Not later than two years after the date of enactment of the authorizing legislation (December 13, 2016) and 
every two years thereafter until the Working Group is terminated pursuant to the stipulations of the authorizing 
legislation, the Working Group shall:

(A) submit a report on its activities and any recommendations, as stipulated under the Description of Duties (A) 
and (B), to the Secretary, the Committee on Energy and Commerce of the House of Representatives, and the 
Committee on Health, Education, Labor, and Pensions of the Senate; and

(B) make such report publicly available on the Internet website of the Department of Health and Human 
Services.

Support

Management and support services for the Working Group activities are provided by the Office of Infectious 
Disease and HIV/AIDS Policy, which is a program office within the Office of the Assistant Secretary for Health 
(OASH) in the Department of Health and Human Services.    

Estimated Annual Operating Costs and Staff Years

Estimated annual cost for operating the Working Group, including compensation and travel expenses for 
members, but excluding staff support, is $410,728. Estimated person years of staff support required is 2.0, at an 
estimated annual cost of $189,272.

Designated Federal Officer (DFO)

The Assistant Secretary for Health (ASH) will select the Designated Federal Officer (DFO) from among full-time 
or permanent part-time staff within OASH, who has knowledge of the subject matter and skills and experience 
necessary to manage the Working Group. The ASH may appoint an Alternate DFO who will carry out these 
duties in the event that the appointed DFO cannot fulfill the assigned responsibilities for the Working Group. In 
the absence of the appointed DFO or Alternate DFO, the ASH will temporarily appoint one or more permanent 
full-time or part-time program staff as the DFO to carry out the assigned duties.

The DFO will schedule and approve all meetings of the Working Group and any subcommittees that may be 
established by the Working Group.  The DFO will prepare and approve all meeting agendas. The DFO may 
collaborate with the Working Group Chair in this activity, and when deemed appropriate, with chairs of any 
existing subcommittees that have been established by the Working Group. The DFO or Alternate DFO will 
attend all meetings of the Working Group and all meetings of any subcommittees that have been established to 
assist the Working Group. The DFO has authority to adjourn meetings, when it is determined to be in the public 
interest, and the DFO can be directed by the Secretary or designee to chair meetings of the Working Group.

Estimated Number and Frequency of Meetings

The Working Group will meet not less than twice a year, and these may be conducted by teleconference or 
videoconference at the discretion of the ASH. The meetings will be open to the public, except as determined 
otherwise by the Secretary, or other official to whom authority has been delegated, in accordance with the 
guidelines under Government in the Sunshine Act, 5 U.S.C. 552b(c). Notice of all meetings will be provided to 
the public in accordance with the FACA.  Meetings will be conducted and records of the proceedings will be 
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kept, as required by applicable laws and departmental policies. A quorum is required for the Working Group to 
meet to conduct business. A quorum will consist of a majority of the Working Group’s voting members.

When the Secretary or designee determines that a meeting will be closed or partially closed to the public, 
in accordance with stipulations of Government in the Sunshine Act, 5 U.S.C. 552b(c), then a report will be 
prepared by the DFO that includes, at a minimum, a list of members and their business addresses, the 
Working Group’s functions, date and place of the meeting, and a summary of the Working Group’s activities 
and recommendations made during the fiscal year. A copy of the report will be provided to the Department 
Committee Management Officer.

Duration

The duration of the advisory committee is continuing, subject to the Termination section below.

Termination

The 21st Century Cures Act, Section 2062, paragraph (c)7, explains that the Working Group shall terminate on 
December 13, 2022, which is 6 years after the enactment of the 21st Century Cures Act.

Membership and Designation

The Working Group will consist of 14 voting members, including the Chair, who represent diverse scientific 
disciplines and views. The composition will include seven federal members and seven non-federal members. 
The seven federal members consist of one or more representatives of each of the following: OASH, the Food 
and Drug Administration, the Centers for Disease Control and Prevention, the National Institutes of Health; 
other agencies and offices of the Department of Health and Human Services as the Secretary determines 
appropriate. The seven non-federal members consist of representatives of the following categories: physicians 
and other medical providers with experience in diagnosing and treating tick-borne diseases; scientists or 
researchers with expertise; patients and their family members; nonprofit organizations that advocate for 
patients with respect to tick-borne diseases. One or more of the non-federal members will be selected by the 
Secretary to serve as the Chair, Vice Chair, and/or Co-Chairs. Individuals who are appointed to represent federal 
entities will be classified as regular government employees. The non-federal members will be classified as 
special government employees.

The federal members will be appointed to serve for the duration of time that the Working Group is authorized 
to operate. Respective agency heads will have discretion on which federal member of their agency will serve 
as their representative on the Working Group. The non-federal members may be invited to serve as special 
government employees for overlapping terms of up to four years. Any non-federal member who is appointed 
to fill the vacancy of an unexpired term will be appointed to serve for the remainder of that term. A non-federal 
member may serve after the expiration of their term until their successor has taken office, but no longer than 
180 days.

Pursuant to advance written agreement, non-federal members of the Working Group will receive no stipend 
for the advisory service that they render as members of the Working Group.  However, non-federal members 
will receive per diem and reimbursement for travel expenses incurred in relation to performing duties for the 
Working Group, as authorized by law under 5 U.S.C. 5703 for persons who are employed intermittently to 
perform services for the federal government and in accordance with federal travel regulations.

Subcommittees

In carrying out its function, the Working Group may establish subcommittees composed of members of the 
Working Group, as well as other individuals who have expertise and knowledge about the topics and issues 
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that are pertinent to the mission of the Working Group. The established subcommittee may consider issues in 
accordance with the mission of the Working Group, and will, as appropriate, make recommendations and/or 
reports to the Working Group for consideration. Recommendations and/or reports of the subcommittee that 
are provided to the Working Group will be discussed at an open public meeting that is held by the Working 
Group. No established subcommittee of the Working Group may report directly to the Secretary or another 
federal official unless there is specific statutory authority for such reporting. The Department Committee 
Management Officer will be notified upon establishment of each subcommittee, and will be given information 
regarding its name, membership, function, cost, and estimated frequency of meetings.

Recordkeeping

Records of the Working Group and any established subcommittees will be handled in accordance with the 
General Records Schedule 6.2, Federal Advisory Committee Records or other approved agency records 
disposition schedule. Applicable records will be made available to the public for inspection and copying, 
subject to the Freedom of Information Act, 5 U.S.C. 552.

Approved:

July 29, 2021

Xavier Becerra

Secretary of Health and Human Services

Filing Date:

August 10, 2021
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