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The Diagnosis of Untreated Lyme Disease Depends on the Stage of the Disease:
Early, Early Disseminated, and Late Lyme Disease
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Lyme Disease and Persistent Symptoms
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Post-treatment Lyme Disease

Arvikar SL, Crowley JT, Sulka KB, Steere AC. Autoimmune Arthritides,
Rheumatoid Arthritis, Psoriatic Arthritis, or Peripheral spondyloarthritis
Following Lyme Disease. Arthritis Rheumatol. 2017;69(1):194-202.
doi:10.1002/art.39866




Clinicians Goal for Lyme Testing

* The perfect test! High sensitivity and specificity
e Test that works at all stages of infection

— Early seronegative windows
* IgM
* IgG
— |dentifies bacteria in bloodstream
* Test to diagnose post-treatment Lyme disease

— Marker of past exposure (like a PPD skin test for tuberculosis)
— Test of cure (like VDRL or RPR for syphilis)



Opportunities and Research Priorities in Diagnostics

Currently Available Tests  DIRECT TESTS FOR PATHOGEN INDIRECT TESTS FOR HOST
Antibody tests RESPONSE TO PATHOGEN

e Culture

ELISA, Western Blot :
e Direct tests for molecular

Limitations in sensitivity and components of the microbe
specificity _ PCR tests — Autoantibodies

Blood Proteomics
— Cytokines/chemokines

— Metagenomics Metabolomics

— Antigen detection
* Urine proteomics
* Peptidoglycan

Transcriptomics

Epigenetics



Multifactorial

Host, Genetic, and Environmental Factors
(Genetic variation in key immune system mediators, epigenetic changes,
sex, age, race/ethnicity, environmental exposures, co-morbidities)

Potential Mechanisms
of Lyme Disease
Associated

Inflammation due to
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Microbial Mechanisms

Chronic lliness

Dysregulated Immune Response

* Persistence of B. burgdorferi remnants

* Infection induced chronic

inflammation

* Infection triggered autoimmune

response

e Metabolism alterations

lliness Experience Factors '
(Diagnosis & treatment delays,
uncertainty, illness invalidation,
psychosocial stress)

(nucleic acids, peptidoglycans)

* Persistent B. burgdorferi infection
(In-vitro & animal models of persister
organisms; patient case reports)

» Other tickborne or co-existing infections

* Microbiome alterations

Neural Network Alterations

e Aberrant Neurolmmune interactions
* CNS Inflammation (Glial cell activation)
* Cytokine triggered CNS sickness
behavior
* Dysautonomia
» Experience provoked anxiety/depression
* Central sensitization

l Other Microbial Factors

(Severity of acute infection,
varying B. burgdorferi strains)

Johns Hopkins Lyme Disease Research Center



Borrelia burgdorferi peptidoglycan is a persistent
antigen in patients with Lyme arthritis

Brandon L. Jutras®®<", Robert B. Lochhead®?, Zachary A. Kloos®®, Jacob Biboy™?, Klemen Strle®, Carmen J. Booth",

sander K. Govers®®, Joe Gray', Peter Schumanni, Waldemar Vollmer®?, Linda K. Bockenstedt®, Allen C. Steere?,
and Christine Jacobs-Wagner®?<!3
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Detection of Bb PG in Synovial Fluid
Samples of Patients with LA

Jacobs-Wagner. 507 PNAS July 2, 2019. vol. 116 no. 27 P 13499

LA synovial fluid (r = 0.799
Arthritis control (r = 0)
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ye  Serum Proteomics ldentifies two Subsets of Lyme patients ™

Healthy

Diff from Average

CCL19/MIP3B (26)

R B seunamyioica )

Hu IP-10 (48)

B e 14
. Tissue Plasminogen Activator (21)

Hu IL-18 (42)
Ferritin (38)
TNF-a (36)

IL-33 (46)

Hu IL-2 (38)

Hu IL-1ra (25)
Hu RANTES (37)
IL-6 (19)

Hu MIP-1a (35)
Hu MIP-1b (18)
Serum Amyloid P (38)
CRP (81)

Acute Lyme: mediator-I Acute Lyme: mediator-II

* Lymphopenia * Normal wbc levels

e High liver enzyme levels * Normal liver enzyme SLI
e High seroconversion rate * Lower seroconversion rate

* More Symptoms * Mild Symptoms




Elevated Levels of IL-23 in a Subset of Patients

With Post-Lyme Disease Symptoms Following
Erythema Migrans

Klemen Strle,' Daga Stupica,? Elise E. Drouin,' Allen C. Steere,' and Franc Strie?

Clinical Infectious Diseases 2014;58(3):372—80
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CCL19 levels over time compared to control group levels by
clinical outcome status

® PTLDS
® Symptoms
® Return to Health
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Pre-Treatment | Treatment Completion 1 Month 3 Months 6 Months 1 Year
(3 weeks) Post-Treatment Post-Treatment Post-Treatment Post-Treatment

The median control values (79.3 pg/mL for CCL19) is represented by a triangle in the graph; * p<0.05,
**p<0.01, ***p<0.001 for comparison of each group to controls



Association of Persistent
Symptoms after Lyme
Neuroborreliosis and Increased
Levels of Interferon-a in Blood

Sergio A. Hernandez, Katarina Ogrinc, MiSa Korva, Andrej Kastrin, Petra Bogovic,
Tereza Rojko, Keith W. Kelley, Janis J. Weis, Franc Strle, Klemen Strle
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. . ORIGINAL RESEARCH
:" frontiers | Frontiers in Neurology published: 06 June 2022
doi: 10.3389/fmeur, 2022874211

Check for

updates
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‘°°1 : Peptidylarginine Deiminase 2
Autoantibodies Are Linked to Less
Severe Disease in Multiple Sclerosis
and Post-treatment Lyme Disease

Anti-PAD2 AU

Yaewon Kim', Alison W. Rebman "2, Tory P. Johnson?, Hong Wang', Ting Yang "?,
Carlo Colantuoni®*5, Pavan Bhargava®, Michael Levy®!, Peter A. Calabresi?,
John N. Aucott™?, Mark J. Soloski? and Erika Darrah "**

HC MS NMO PTLD
(n=87) (n=91) (n=32) (n=281)

FIGURE 2 | Anti-PAD2 antibody levels in all patient groups. Anti-PAD2
Arbitrary Units (AU) for healthy controls (HC; n = 87) or people with multiple
sclerosis (MS; n = 91), neuromyelitis optica (NMO; n = 32), and
post-treatment Lyme disease syndrome (PTLD; n = 281) as measured by
ELISA are shown. The dotted line represents the cutoff value for positivity at
4.5 AU. The median and 95% confidence interval of each group are shown.
****Mann-Whitney p-value <0.0001 and ** < 0.01.




Metabolome-based Diagnosis of Lyme Disease
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PCA visualization of log transformed and KNN imputed LC-MS data from training samples restricted to the optimal 45 features found by kFFS.

+ Kehoe ER, Fitzgerald BL, Graham B, Islam MN, Sharma K, Wormser GP, Belisle JT, Kirby MJ. Biomarker selection and a
prospective metabolite-based machine learning diagnostic for lyme disease. Sci Rep. 2022 Jan 27;12(1):1478. doi:
10.1038/s41598-022-05451-0. PMID: 35087163; PMCID: PMC8795431
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Comp 2

Metabolism

* Blood metabolomics from SLICE participants has found

signatures which discriminate PTLD patients
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| ECHO Epigenetic Signatures: Developing Multilayer Modalities
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ECHO: Combining Molecular Methods for Epigenetic Diagnosis
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Action Items and Key Findings

* Improved diagnostics are urgently needed for diagnosis of
acute Lyme disease and its infection-associated chronic illness

* Direct diagnostic tests for microbial nucleic acid and proteins
are promising alternatives for indirect serologic tests

* Measurement of host responses including inflammatory
processes and its gene regulation, metabolic changes and
epigenetic signhatures are future opportunities for diagnostics



More Information at HopkinsLyme.org

Lyme Disease Clinical
Research Center:

John Aucott, Alison Rebman, John Miller

Brit Adler, Ting Yang, Marzieh Keshtkarjahromi
Cheryl Novak, Verna Scheeler, Erica Mihm
Susan Joseph, Cindi Crews

Whltmq Schoolof Bt
Philippe Burlina
Yinzhi Cao, Haolin Yuan

Johns Hopkins

Psychology/Neuropsycholoqy
Pegah Touradji

Bloomberg School of Public Health

Nicole Baumgarth
Jonathan Weiner
Brian Schwartz, Katherine Moon
Frank Curriero, Cara Wychgram

Neurology & Neuro-Imaging
Cherie Marvel, Arun Venkatesan
Mary Pomper , Jennifer Coughlin

http://www.hopkinslymetracker.or

Johns Hopkins Rheumatology -t ""“,..!,,-1!' TR

Bayview Laboratories i .m-mn"H LT
Erika Darrah, Mark Soloski, Alex Girgis nmmNAENET a6 C48E MEd- s
Daniella Villegas de Flores, ' ITITIFTRNREN § eul aam e L
Won Seok Song I |u« L | R ST T .

:iua.“l.."*"“'..‘ . rlﬁ Ry 2ale 3
X\-* lche i | MR R <

—

/


http://www.hopkinslymetracker.org/

	Slide 1: Biomarkers for Lyme Disease and Post-treatment Lyme   Future opportunities and research priorities in diagnostics    
	Slide 2: The Diagnosis of Untreated Lyme Disease Depends on the Stage of the Disease:  Early, Early Disseminated, and Late Lyme Disease
	Slide 3: Lyme Disease and Persistent Symptoms
	Slide 4: Clinicians Goal for Lyme Testing
	Slide 5: Opportunities and Research Priorities in Diagnostics
	Slide 6: Host, Genetic, and Environmental Factors (Genetic variation in key immune system mediators, epigenetic changes, sex, age, race/ethnicity, environmental exposures, co-morbidities)
	Slide 7
	Slide 8: Detection of Bb PG in Synovial Fluid Samples of Patients with LA  Jacobs-Wagner. 507 PNAS July 2, 2019. vol. 116  no. 27 P 13499 
	Slide 9
	Slide 10
	Slide 11: CCL19 levels over time compared to control group levels by clinical outcome status
	Slide 12
	Slide 13
	Slide 14: Metabolome-based Diagnosis of Lyme Disease
	Slide 15: Metabolism
	Slide 16: ECHO Epigenetic Signatures: Developing Multilayer Modalities
	Slide 17: ECHO: Combining Molecular Methods for Epigenetic Diagnosis
	Slide 18: Neuroinflammation ?
	Slide 19: Action Items and Key Findings
	Slide 20

