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The Diagnosis of Untreated Lyme Disease Depends on the Stage of the Disease: 
Early, Early Disseminated, and Late Lyme Disease



Lyme Disease and Persistent Symptoms

Post-treatment Lyme Disease

Persistent Symptoms 
without Textbook
Objective Findings

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

• Test that works at all stages of infection

– Early seronegative windows

• IgM

• IgG

– Identifies 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

• Culture

• Direct tests for molecular 
components of the microbe

– PCR tests

– Metagenomics

– Antigen detection

• Urine proteomics

• Peptidoglycan

INDIRECT TESTS FOR HOST 
RESPONSE TO PATHOGEN

GOLD STANDARD

• Pathology

Currently Available Tests 
Antibody tests

ELISA, Western Blot

Limitations in sensitivity and 
specificity

DIRECT TESTS FOR PATHOGEN

• Blood Proteomics

– Cytokines/chemokines

– Autoantibodies

• Metabolomics

• Transcriptomics

• Epigenetics



Host, Genetic, and Environmental Factors
(Genetic variation in key immune system mediators, epigenetic changes,

sex, age, race/ethnicity, environmental exposures, co-morbidities)

Microbial Mechanisms
• Persistence of B. burgdorferi remnants 

(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

Inflammation due to 
Dysregulated Immune Response
• Infection induced chronic 

inflammation
• Infection triggered autoimmune 

response
• Metabolism alterations

Illness Experience Factors
(Diagnosis & treatment delays, 
uncertainty, illness invalidation, 

psychosocial stress)

Other Microbial Factors
(Severity of acute infection, 

varying B. burgdorferi strains)

Neural Network Alterations
• Aberrant NeuroImmune interactions

• CNS Inflammation (Glial cell activation)
• Cytokine triggered CNS sickness 

behavior
• Dysautonomia
• Experience provoked anxiety/depression
• Central sensitization

Multifactorial 
Potential Mechanisms 

of Lyme Disease 
Associated 

Chronic Illness

Johns Hopkins Lyme Disease Research Center





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



Acute Lyme: mediator-I
• Lymphopenia
• High liver enzyme levels
• High seroconversion rate
• More Symptoms

Acute Lyme: mediator-II
• Normal wbc levels
• Normal liver enzyme
• Lower seroconversion rate
• Mild Symptoms

Serum Proteomics Identifies two Subsets of Lyme patients





CCL19 levels over time compared to control group levels by 
clinical outcome status

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
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Metabolome-based Diagnosis of Lyme Disease

• 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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Metabolism

• Blood metabolomics from SLICE participants has found 
signatures which discriminate PTLD patients
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Fitzgerald et al, Clin. Inf. Diseases 2021

Acute Infection 6 Months 1 Year
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ECHO Epigenetic Signatures: Developing Multilayer Modalities
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ECHO: Combining Molecular Methods for Epigenetic Diagnosis

ECHO human exposure samples                                                        ECHO sample groups

● Total number of samples committed to ECHO: 6,424
● Total number of samples collected/ collecting/ on-hand: 4,542
● Longitudinal collections have been given priority
● Matched geographically and ethnically diverse control samples
● Utilizing human samples from other programs and research efforts 

to compare against for confounds
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Healthy Control 
TSPO Genotype: C/C

Lyme PTLDS 
TSPO Genotype: C/C

1                             VT 4

Patient with PTLDS
Female, age 42 years
TSPO Genotype: C/T

Healthy Control 
Female, age 41 years
TSPO Genotype: C/T

Brain PET Imaging Shows Increased Inflammation in 
Patients with Post-treatment Lyme Disease

Coughlin JM, et al J 
Neuroinflammation. 2018 Dec 
19;15(1):346. Neuroinflammation ?



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 signatures are future opportunities for diagnostics
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