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Challenges in Diagnosis of Lyme IACI
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from blood

IgM Antibody
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2-tier serologic approach (CDC):
(1) serum enzyme immunoassay (EIA)
(2) IgG and IgM Western blot

Detection rate: 29-40% (Aguero-Rosenfeld, et al..2005)
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Diagnostic Lab
Testing

Lyme*
* Two-tiered serology

e Other serology (EIA)
* Borrelia PCR
LC/PASC

* Spike protein level

* Spike protein IgG Ab
ME/CFS

* none

*early Lyme, no tests available for
PTLDS



Host Response Based Diagnostics for IACIs

PRECISION MEDICINE (omics: RNA

transcriptomics, metagenomics, proteomics,

ARTIFICIAL metabolomics, pan-serology profiling
INTELLIGENCE DIAGNOSTICS

MACHINE
LEARNING

00

THERAPEUTICS

CANCER

RARE
DISEASE chronic
GENETICS

HOST IMMUNE I

RESPONSE TO
INFECTION (

Vzute

Neurologic,
bloodborne, and
respiratory infections

LYME DISEASE

% 476,000 casesl/year
(CDC Data and
Surveillance)

>

*,

» difficult to diagnose

)

>

*,

» lack of accurate
diagnostic assays
early Lyme disease

ME/CFS AND LONG
COVID

+ Diagnostic tests not
available

)



Proteomics for Long COVID
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Four distinct recovery modes from acute COVID-19 identified in a longitudinal 2-year cohort study of proteomic biomarkers

Conclusion: the IACI patient population, including Lyme IACI, is heterogeneous

Gu, et al., eBioMedicine, 2023, 98:104851.



Pan-Pathogen Serology

(VirScan, Tickborne Disease (TBD)-Serochip)
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Science, 2022, 375:6578

Nature Medicine, 2019, 25(11):1748-1752
Tokartz, et al. Scientific Reports, 2018, 8(1).

Science, 2015, 348:6239.
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Microbiome and |IACI

Myalgic Encephalomyelitis / Chronic Fatigue Syndrome
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* Long COVID: Randomized, double-blind placebo control trial of 463 patients showed that
treatment with synbiotic preparation versus placebo had significant improvements in fatigue
(p<0.0001), memory loss (p=0.0024), and concentration (p<0.0001)

* PTLDS: Distinct microbiome signature in PTLDS that enabled ~80% classification accuracy

* ME/CES: Microbiome disturbances is a hallmark signature of ME/CFS related to deficient
butyrate-producing capacity

* Mechanisms thought related to normalization of gut dysbiosis and gut-immune axis

Lau, et al., 2023, Lancet Infectious Diseases; Morrissette, et al., 2020, mBio 11(5):e02310-20; Guo, et al., 2023, Cell Host & Microbe, 31(2):288-304.



Metabolomics for PTLDS
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* non-PTLDS = Lyme disease patients with resolved infection
* Markers of glycerophospholipid, bile acid, and acylcarnitine metabolism;
* Increased prevalence of lipid disorders in PTLDS (Chung, et al., Lancet, 2023, 90:10424).

ELL = early localized Lyme disease;
EDL = early disseminated Lyme disease

Fitzgerald, et al., Clinical Infectious Diseases, 2021, 73(7); Kehoe, et al., Scientific Reports, 2022, 12:1478.



RNA-Seq for Early Lyme and PTLDS
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Clarke, et al., Frontiers in Immunology, 2021, 12; Servellita, et al., Communications Medicine, 2022,



RNA-Seq Classifiers for Early Lyme and Babesiosis from Whole Blood
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Misclassification Error
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Babesiosis-Associated Genes
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IL21 is a pleiotropic cytokine; functions in
protection and immunopathology during
parasitic diseases (Djokic et al. 2018);
significant induction observed following
Babesia microti infection (Yi et al. 2018)

PTPRC is an essential regulator of T- and
B-cell antigen receptor signaling;

ERVK13-1 mediates receptor recognition and

membrane fusion during early infection

TRIM22 Interferon-induced antiviral
protein involved in cell innate immunity

In B. microti-infected mice, the spleen
initiates an immune response, with
immune-related proteins playing an
important role, including IF144 (Xue et al.
2021)

ADGRG3 is abundant in granulocyte
precursors and terminally differentiated
neutrophilic, eosinophilic, and basophilic
granulocytes (Hsiao et al. 2018)



Cytokine Profiling for IAClIs
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Random Forest

Targeted cytokine biomarkers AUC=0.88
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Servellita and Madison, et al., 2024, in preparation.



Clinical Metagenomic Next-Generation Sequencing
Assays at University of California, San Francisco

*# L@: Center for Next-Gen ) . )
° m
C S F N G S Precision Diagnostics For Providers ~ For Patients ~ Technology = Our Vision

* Plasma mNGS?* (re-validation
in progress with launch in
summer)

» Viral Respiratory mNGS*#
* Body fluids mMNGS*

Our Diagnostic Lab

*all tests are LDTs and not FDA-approved
IVDs; #granted breakthrough device

designation by the FDA ;
Only at UCSF: the next generation of diagnostic tests.

1. Miller, et al., Genome Research, 29(5): 831-842.
2. Wilson, et al., NEJM, 380(24):2327-2340. http://nextgendiagnostics.ucsf.edu
3. Gu, et al., Nature Medicine, 27(1):115-124.



http://nextgendiagnostics.ucsf.edu/

CSF RNA-Seq and Machine Learning for Differential
Diagnosis of CNS Syndromes (meningitis, encephalitis, and myelitis)
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. r : N <
155 autoimmune / non-infectious, 26 other*) cross-validation
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*parasitic or prion

Omura and Chiu, et al, 2024, manuscript in preparation



Differential CSF Biomarkers of Infectious/Non-Infectious Syndromes
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Omura and Chiu, et al, 2024, manuscript in preparation



Multinomial Classifier Performance for Infection Diagnosis
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Omura and Chiu, et al, 2024, manuscript in preparation



Subcategory Classification for Non-Infectious Syndromes

“Leave-One-Out” Approach

I Train
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] Train
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<

Test

Omura and Chiu, et al, 2024, manuscript in preparation

Category  [LOOAUC

WBC cancer
amyloid
autoantibody

brain cancer
hereditary

lupus

MS
neurosarcoidosis
other_autoimmune

solid organ cancer

structural
toxic-metabolic
vascular
vasculitis

0.74829
0.790746
0.590167
0.576503
0.776087
0.861365
0.533951
0.853823
0.510366
0.800694
0.569121
0.865714
0.643735

0.7723




CSF Host Response Signature for CNS Amyloidosis

MMNC_5932 Score Signature

Autoimmune/MNoninfectious 10 Strong

Bacterial (typical) 1 Very Weak

Bacterial (atypical) 1 Very Weak

Fungal 0 Mo Signature

Viral 1 Very Weak CNS amyloidosis

Parasitic 1% Unlikely Hospitalized with altered mental status, encephalopathy,
Worn o% [ uiie e, ol o b by perormed
Flavivirus 2% Possible

Mycobacterium 0% Unlikely

Dimorphic Fungi 1% Unlikely

Mold vs rest 2% Possible

Enterovirus- AFM 3% Possible

Amyloid 21% Possible

Lupus 0% Unlikely

Solid Organ Cancer 0% Unlikely

Omura and Chiu, et al, 2024, manuscript in preparation



CSF Host Response Signature for Neuroborreliosis
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*evidence from literature supporting involving in Borrelia cell culture infections, mouse models, or Lyme neuroborreliosis patients
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Take-Home Messages

Both direct detection (e.g.,Borrelia burgdorferi for LD) and indirect detection diagnostic
approaches (e.g., host response ‘omics testing) will likely be necessary for diagnosis of
Lyme IACI

A variety of diagnostic test modalities are in development; multiple test modalities are
needed as we do not understand the pathogenesis of PTLDS

Objective diagnostic biomarkers are urgently needed to support clinical trials of drugs
and vaccines

Given overlapping symptoms, prospective clinical studies must consider including
samples from different IACIs, ideally from matched biobank collections

Precise definitions of Lyme IACI subsets are needed to guide clinical trials, perhaps
obtained by emerging ‘omics technologies (population is not heterogeneous)

Host response ‘omics tests will enable not only diagnosis and discrimination, but have
the potential to monitor patients and their response to experimental treatments
longitudinally
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