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Shared Goal

[1] Tick-Borne Disease Working Group. 2022 Report to Congress.  Submitted to Congress in February 2023.
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Patient Experience with Lyme and Chronic Symptoms

[1] Health+ Lyme Disease: Human-Centered Design Report. April 2021.  Created by Coforma and sponsored by HHS as part of LymeX.
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System Breakdown

Funders Researchers Clinicians Patients

Fund enough of 
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Provide tools to 
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and give care
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System Breakdown

• Putting clinicians in a very difficult position with no proven diagnostics nor 
treatment option for Lyme IACI

• Ethical dilemma for clinicians: “Do no harm”, but doing nothing is harmful.

• Lyme IACI patients suffer endlessly, and suicide rate increases by 75% with a 
Lyme diagnosis. [2]
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[1] Health+ Lyme Disease: Human-Centered Design Report. April 2021.  Created by Coforma and sponsored by HHS as part of LymeX.
[2] Fallon et al. Lyme Borreliosis and Associations With Mental Disorders and Suicidal Behavior: A Nationwide Danish Cohort Study. Am J Psychiatry 
178:10, October 2021

[1]

Collectively, our research results 
speak for themselves – Lyme IACI 
has: 
no validated diagnostics and 
no proven treatment options.

Patients suffer with: 
• Severe Fatigue
• Brain fog, memory loss
• Chronic Pain
• Neuro-psychiatric
• Dysautonomia / POTS
• …many others
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What is in a Name?

“Lyme Infection-Associated Chronic Illnesses”
• Umbrella term encompassing:

 Persistent Lyme Disease

 Chronic Lyme Disease

 Post-treatment Lyme Disease Syndrome (PTLDS)

 Post-treatment Lyme Disease (PTLD)

 Long Lyme

 Any other term for Lyme disease patients who experience prolonged symptoms 
after initial infection.  

• Recommendation: Focusing the Committee’s time and energy on 
improving diagnostics and treatment options for patients is better than 
renaming the illness. 
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High Burden of Disease

Annual Cases 
of Lyme 
Disease in U.S.

[1] Tick-Borne Disease Working Group. 2018 Report to Congress.  November 2018.
[2] Kugeler et al. Estimating the frequency of Lyme disease diagnoses, United States, 2010–2018. Emerg Infect Dis. 2021 Feb
[3] Marques A. Chronic Lyme Disease: An appraisal.  Infect Dis Clin North Am. 2008 June ; 22(2): 341–360
[4] DeLong et al. Estimation of cumulative number of post treatment Lyme disease cases in the US, 2016 and 2020. BMC Public Health (2019)

[1]

> 476,000 
cases per 

year
[2]
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High Burden of Disease

Annual Cases 
of Lyme 
Disease in U.S.

[1] Tick-Borne Disease Working Group. 2018 Report to Congress.  November 2018.
[2] Kugeler et al. Estimating the frequency of Lyme disease diagnoses, United States, 2010–2018. Emerg Infect Dis. 2021 Feb
[3] Marques A. Chronic Lyme Disease: An appraisal.  Infect Dis Clin North Am. 2008 June ; 22(2): 341–360
[4] DeLong et al. Estimation of cumulative number of post treatment Lyme disease cases in the US, 2016 and 2020. BMC Public Health (2019)

[1]

10-20% of cases result in persistent symptoms
(aka. Chronic Lyme or PTLDS: ‘Post-treatment Lyme Disease Syndrome’)

[3]

> 476,000 
cases per 

year

Up to 1.9 million 
cases of PTLDS
(prevalence by 2020) [4]

[2]



9

Genesis of Persistent Symptoms

* Could include microclots, altered GI microbiome, mitochondrial dysfunction and/or byproducts of past infection, such as residual peptidoglycan. 

Potential causes (or theories) for Lyme IACI symptoms:

Systemic 
dysfunction 
/ damage *

Immune 
Dysregulation 
(e.g. Ongoing activation 
or Auto-immune)

Persistent 
infection

Co-infections (?)
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Few Recent Randomized Control Trials (RCTs)

NIH Funding Lead [1] Publish Treatment Screened PLD
 Enrolled Yield PLD

 Treated

1998-2000 Klempner 2001 IV Ceftriaxone (4 weeks) followed 
by oral Doxycycline (8 weeks) 1,966 129 7% 64

1997-1999 Krupp 2003 IV Ceftriaxone (4 weeks) 512 55 11% 28

1999-2003 Fallon 2008 IV Ceftriaxone (10 weeks) 3,368 37 1% 23

Total 5,846 221 4% 115

 Few RCTs conducted on Lyme IACI patients – no NIH-funded RCTs in last ~20 years
 Assessed only monotherapy (one antibiotic) or sequential monotherapy
 Low sample size and mixed results - generally held null hypotheses with exceptions (e.g., fatigue)

• Limited power to detect meaningful change and limited subgroup analyses.

[1] Based on table from Johnson et al. Removing the Mask of Average Treatment Effects in Chronic Lyme Disease Research using Big Data and Subgroup 
Analysis. Healthcare 2018, 6, 124; doi:10.3390/healthcare6040124
[2] Based on table from Stricker RB. Counterpoint: Long-term Antibiotic Therapy Improves Persistent Symptoms Associated with Lyme Disease.  Clinical 
Infectious Disease 2007.
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NIH Funding Lead [1] Publish Treatment Screened PLD
 Enrolled Yield PLD

 Treated

1998-2000 Klempner 2001 IV Ceftriaxone (4 weeks) followed 
by oral Doxycycline (8 weeks) 1,966 129 7% 64

1997-1999 Krupp 2003 IV Ceftriaxone (4 weeks) 512 55 11% 28

1999-2003 Fallon 2008 IV Ceftriaxone (10 weeks) 3,368 37 1% 23

Total 5,846 221 4% 115

 Few RCTs conducted on Lyme IACI patients – no NIH-funded RCTs in last ~20 years
 Assessed only monotherapy (one antibiotic) or sequential monotherapy
 Low sample size and mixed results - generally held null hypotheses with exceptions (e.g., fatigue)

• Limited power to detect meaningful change and limited subgroup analyses.

[1] Based on table from Johnson et al. Removing the Mask of Average Treatment Effects in Chronic Lyme Disease Research using Big Data and Subgroup 
Analysis. Healthcare 2018, 6, 124; doi:10.3390/healthcare6040124
[2] Based on table from Stricker RB. Counterpoint: Long-term Antibiotic Therapy Improves Persistent Symptoms Associated with Lyme Disease.  Clinical 
Infectious Disease 2007.

Duration of Treatment
Disease [2] Organism Treatment Months Weeks
Drug-susceptible tuberculosis M. tuberculosis 2-4 antibiotics 6-9 26-39
Multidrug-resistant tuberculosis M. tuberculosis 3-5 antibiotics 18-24 78-104
Leprosy M. leprae 3-4 antibiotics 24 104
Q fever endocarditis Coxiella burnetii 2 antibiotics 36 156

 Other diseases 
required (much) 
longer-term 
and/or combined 
antibiotics
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Lyme Clinical Trials Network

• Established in 2021 with a grant from the Steven & Alexandra 
Cohen Foundation

• CTN Sites: 

Pilot Study Design

Tetracycline treatment tolerability trial for PTLD RCT

Vagus nerve stimulation for persistent fatigue RCT

Transcranial direct current stimulation and cognitive retraining for brain fog RCT

Early neurodevelopmental outcomes of exposure to Lyme in pregnancy Observational

Mast cell treatment in post-tick bite illness RCT

Proteolytic enzymes as potential treatments for fibrin/amyloid deposition 
and platelet hyperactivation

Open-label

Pulse IV ceftriaxone therapy for patients with persistent symptoms RCT

 Columbia University, NY (PI: Brian Fallon, Coordinating Center)
 Johns Hopkins University, MD (PI: John Aucott)
 Children’s National Hospital, DC (PI: Roberta DeBiasi)
 State University of New York – Upstate (PI: Kris Paolino)
 University of California, San Francisco (PI: Charles Chiu)
 Mt. Sinai Health System, NY (PI: David Putrino)
 And adding more…
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Evidence-based Medicine (EBM) Triad

Practicing evidence-based medicine requires three (3) equal elements:

Best 
Research 
Evidence

Individual 
Clinical 
Expertise

Patient 
Values and 
Preferences

When the research 
base is limited or weak, 
then lean more heavily 
on Clinical Expertise 
and Patient Values / 
Preferences.

Must infuse patient’s 
values and preferences 
(e.g., risk tolerance) 
for effective EBM. 

EBM

For Lyme IACI, most 
primary care and 
infectious disease 
clinicians have (very) 
limited experience 
treating these complex 
cases. 
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Accuracy of Lyme Diagnostics

 (Very) Low sensitivity of 
diagnostics in acute and 
later stage Lyme 
disease.  Less than 50% 
of cases could test 
positive

 Minimal innovation in the 
last 30 years have 
reached patients

[1] Stricker RB, Johnson L.: Lyme disease diagnosis and treatment: lessons from the AIDS epidemic.  Minerva Med. 2010.
https://www.lymedisease.org/wp-content/uploads/2014/08/Image10-sensitivity.pdf

* Note: NIH recently funded five (5) long-term projects on PTLDS, which focus on 
diagnostics  (i.e., no projects on treatment).  

https://www.lymedisease.org/wp-content/uploads/2014/08/Image10-sensitivity.pdf
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LymeX Innovation Accelerator

• LymeX established in 2019

• Public-private partnership between Department of Health and Human 
Service (HHS) and the Steven & Alexandra Cohen Foundation

• $10+ million competition to develop diagnostics for Lyme disease

• Currently in Phase 3 of competition with six (6) teams of innovators:  

 BlueArc Biosciences Inc. (La Jolla, CA)

 Drexel University College of Medicine (Philadelphia, PA)

 HelixBind Inc. (Boxborough, MA)

 Massachusetts General Hospital (Boston, MA)

 Northwestern University, Feinberg School of Medicine (Chicago, IL) 

 Tufts University (Boston, MA)
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Discovery of Tickborne Pathogens

[1] DHHS, CDC: The National Public Health Strategy to Prevent and Control Vector-Borne Diseases in People. U.S. DHHS, CDC; 2024

In the past 30 years, 
10 new tick-borne 
pathogens have been 
identified.
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Multiple infections

Patients suffering from tickborne disease do not follow the one microbe, 

one disease germ theory as 65% of the TBD patients produce immune 

responses to various microbes.  (from US and European samples)
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Ticks carry multiple pathogens

From Ixodes scapularis ticks collected in NY and CT during 2015-17: 

56% had Borrelia burgdorferi (Lyme)

19% had co-infections 
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Multiple tickborne infections

1. Anaplasmosis
2. Babesiosis
3. Borrelia burgdorferi (Lyme)
4. Borrelia mayonii
5. Borrelia miyamotoi
6. Bourbon virus
7. Colorado tick fever
8. Ehrlichiosis

9. Heartland virus
10. Powassan disease
11. Rickettsia parkeri rickettsiosis
12. Rocky Mountain spotted fever (RMSF)
13. STARI (Southern tick-associated rash illness)
14. Tickborne relapsing fever (TBRF)
15. Tularemia
16. 364D rickettsiosis

Number of clinical treatment trials conducted on 

participants with multiple tickborne infections?

(among various tick species)
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Multiple infections

1. Anaplasmosis
2. Babesiosis
3. Borrelia burgdorferi (Lyme)
4. Borrelia mayonii
5. Borrelia miyamotoi
6. Bourbon virus
7. Colorado tick fever
8. Ehrlichiosis

9. Heartland virus
10. Powassan disease
11. Rickettsia parkeri rickettsiosis
12. Rocky Mountain spotted fever (RMSF)
13. STARI (Southern tick-associated rash illness)
14. Tickborne relapsing fever (TBRF)
15. Tularemia
16. 364D rickettsiosis

Number of clinical treatment trials conducted on 

participants with multiple tickborne infections?

(among various tick species)

(zero)
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Positioning for Success

1. Critically evaluate the available science including design and interpretation 

2. Identify gaps in Lyme IACI knowledge base and questions to be answered

3. Build a strategic framework for future scientific exploration.  How does each 
study fit into a wider strategy to fill gaps and improve patient lives?

4. Outline specific research projects for immediate implementation and 
recommend design, size, and interventions where feasible

5. Focus on treatments and diagnostics for Lyme IACI (not new naming conventions)

6. Learn from other IACIs 

• Accept our past failures 

• Be humble: this disease has vexed researchers / decisionmakers for decades

• Be agnostic: openness to new theories and treatment options 

• Transcend the stigma, our egos, and historic indifference  

• Center the work on patient experience

• You are supported: Know the Lyme patient community is rooting for you
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