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Objectives

*Apply a staged diagnostic workflow for complex chronic, multi-system
cases

*Use pre-test probability (Bayesian thinking) to reduce over- and under-
diagnosis

*Interpret antibody and multi-pathogen results with less confusion and
more clinical discipline

*Identify when immune dysregulation and exposures meaningfully
change the diagnostic plan
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What if persistent symptoms are not explained by
one diagnosis alone?

Complex chronic presentations
may reflect overlapping infection
history, immune activation, co-

infections, prior treatment effects,
and host susceptibility.
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A real-world example of diagnostic delay

Joonas Berghali

Film Producer, Writer, and Director . .
Persistent symptoms despite

PATIENT JOURNEY repeated “normal labs”

12 82 60,000 € fatigue, pain, brain fog,
years to get a doctors of out-of-pocket dysautonomia, multi-
diagnosis expenses

system symptoms

The lesson is not that one test solved |
everything. The lesson is that broader
pattern recognition can redirect a fragmented i
diagnostic process.
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Why standard tick-borne disease testing can miss
complexity

Why complex chronic presentations are diagnostically difficult
*Symptoms are non-specific and overlapping.

*Tick-borne illness may be syndromic, not single-pathogen.
*Timing of antibody response matters.

*Immune suppression, or immune activation can distort results.

*Testing without pre-test probability increases false reassurance and false
discovery.

By 2050, global population with a TBD '

Global population already _ | N
Chronic Lyme Patients e

infected with Borrelia y
arques et al 1993
Dong et al 2022
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"(® Bayesian Thinking for Clinicians

— Start with a suspicion. Add evidence. Update the odds. = -

¢ 2, 3

Start with a 4 Gather O Update your
clinical hunch - new clues el thinking

raises raises
Pre-test probability probability New evidence probability

— —
O D ©

- evidence : .\ - evidence
lowers M lowers
probability ’ probability

Post-test probability

History e risk factors « prevalence Exam e labs ¢ imaging Rule in? Rule out? Next step?

Bayesian reasoning is clinical detective work:
every new clue changes how likely a diagnosis really is.

WHY IT MATTERS

Less yes/no L ) More
personalized

e '~ thinking "‘ Aokt

/1 Better test

interpretation

Bayes protects
against two errors:
dismissing
complex patients
too early and over-
calling positive
tests too
confidently.s
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Before ordering a test: estimate pre-test probability

. Increases
Clinical input .
suspicion
Tick bite / endemic exposure Yes
Migratory pain, neurologic symptoms, relapsing Yes
fatigue
Prior partial response to antimicrobial treatment Possible
Co-infection features: sweats, air hunger, neuropathy, :
L g Possible
psychiatric/neurocognitive symptoms
Immune dysregulation signs Possible

A test result is not interpreted in isolation.

Decreases suspicion

No known exposure
Single isolated symptom

No clinical pattern

Symptoms explained by
another confirmed diagnosis

Normal clinical course after
alternative diagnosis

The same IgM or IgG pattern means different things in a high-probability versus

low-probability patient.

8
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Diagnostic stewardship: broad testing is useful only
when bounded by a plan

Broad testing is useful when there is
compatible exposure history, biological
symptom clustering, appropriate IgM/IgG
timing, and a clear interpretation plan.

Broad testing harms when it creates
noise without changing care — or when
results are over-called, under-called, or
used to dismiss the patient.

9
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Where TICKPLEX fits in the Bayesian workflow

Diagnostic step Role of TICKPLEX

Most relevant when exposure and symptom pattern support TBD/co-

Pre-test probability ;o cfion suspicion

Test selection Useful when the question is broader than “Borrelia: yes or no?”
IgM and IgG interpretation depends on time from exposure and

Ul Immune status

Pattern Maps Borrelia, persistent-form response, co-infections, and selected
Interpretation opportunistic signals

Clinical action Helps structure next steps when results match the clinical picture
Follow-up Supports symptom, biomarker, and treatment-response discussion

TICKPLEX supports pattern recognition; it does not replace clinical judgmtlaont.
Copyright of Te?ted Oy



e
What TICKPLEX® PLUS adds to the workup

A single multiplex assay to map Borrelia serology plus common co-infections and
selected opportunistic infections.

Targets highlighted in the IFU Practical use points for clinicians

* Intended to aid diagnosis in a professional

Borrelia A1 Spirochete-form antigen o )
clinical laboratory setting

Borrelia A2 Persistent-form antigen

: : Babesia, Bartonella, Ehrlichia, * IgM timing after confirmed tick bite: 22 weeks
Co-infections Rickettsia * IgG timing after confirmed tick bite: 24 weeks

e of EBV, Mycoplasma, . .
Opportunistic signals Coxsac):(ie\t)irus, Parvovirus B19 » Negative results do not exclude disease
* Positive results require clinical correlation

Designed to support a broader serologic pattern

review when symptoms, exposure history, or TICKPLEX is not presented as a stand-alone answer.
treatment response suggest a more complex TBD |t is a pattern-recognition tool used inside Bayesian
picture. clinical reasoning.

Ref 1 Copyright of Te?ted Oy



Evidence for broader pattern recognition in Lyme

CDC Acute

CDC Late

CDC Negative
PTLDS 23

Immunocompromised | 21

igM

Unspecific
Healthy 0

CDC Acute :

CDC Late &)
CDC Negative
IgG PTLDS
Immunocompromised
Unspecific

Healthy 1

o@b
* o
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46
42 45 55

23 134 13

16 16 13
2. 1 72 g4m 2

2

4

1

disease

16 16 16
2 3 3

Co-occurence scale (%)

Persister forms are valuable

Clinical implication:

What infectious and immune
pattern best explains this
presentation?
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Persistent-form antigens may improve stage-aware
serologic interpretation and patterns

62%
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Why clinicians need a broader first pass

Common presentations are heterogeneous, overlap with non-specific syndromes, and

Chronic complexity

may involve more than one infectious driver.

Early phase

Mixed infection risk

Symptoms can be non- Later presentations may look

Co-infections may change the

specific clinical picture fragmented
e fatigue . Babesia . Persistendtlreflapsti_ng symptoms
* headache . Bartonella immune dysfunction

* myalgias/arthralgia « Ehrlichia * neurocognitive or neuropathic

e febrile “viral-like” iliness syndromes

* Rickettsia e autoimmune-like trajectories

A narrow testing strategy can

A multiplex approach can
delay a structured workup.

support co-infection-aware
reasoning from the outset.

Clinicians need a broader
evidence-linked framework.

TICKPLEX®PLUS is positioned to help in recognizing this coherent pattern as a multiplex

serology tool to aid diagnosis. Refs 1,2,4,11
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TICKPLEX®

multiplex serology for complex tick-
borne disease reasoning

L

100,000 tested to date

CE | IVD | ISO 13485:2016

COFEPRIS APPROVED

Sensitivity: 95% g

P o
SpelelClty' 98% Extensive Accessible Affordable:

10+ peer reviewed 15 pathogens, 3 disease stages, Collect bloodin ~ Advanced testing at

. . treatment success and follow-up, remote areas competitive price
publlcatlons and immune dysregulation

Performance varies by antigen, antibody class, disease stage, and clinical context. Copyright of Te?ted Oy
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The clinician case map between assay capability and
clinical utility.

Ten use cases grouped into three practical conversations: diagnosis, chronic complexity,
and management confidence.

1-3 Acute / early/ 4-7 Persistence / chronic 8-10 Reproducibility /
neurologic complexity immune phase / treatment

Case 1 Tick bite +early Lyme Case 4 Persistent/relapsing Case 8 Inter-lab reproducibility
symptoms symptoms _ _

educe delay; broaden the Include Borrelia persistent-form Support cross-site confidence
first serologic pass. antigen context. and concordance.

Case 2 o Case 5 Chronic multi-system Lyme- Case 9 Immune dysfunction /
F\","gd'fn}’s'gﬁ,'g"ke iliness like patient autoimmune-like ¥
Babesia/Ehrlichia/Rickettsia Stratify mono- vs multi-infection Map infectious triggers in chronic
patterns. patterns. immune phases.

Case 3 Neurologic / neuropathic Case 6-7 Seronegative / misdiagnosed = c55e 10 Treatment success / follow-up
complexﬂY chronic cases _

Reveal multi-pathogen Integrate multiplex results with Connect multiplex patterns to
patterns that inform follow-up. biomarkers and history. ¥ targeted management. ¥

A practical map for when multiplex serology may support clinical reasoning Refs 1-11
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From infection stage to immune-pattern interpretation

Acute Disseminated
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infections

In complex presentations, serology may reflect infection stage, prior exposure, co-infection,
immune activation, or immune dysregulation — not simply active versus inactive infection.
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From infection stage to

iImmune-pattern
interpretation:
Specialty Clinic

3 % IgM 13 % IgM

1.5 % IgG 8.7 % IgG

1.2 % IgM/IgG 3.8 % IgM/IgG

5.7 % Global 26.5 % Clinic’s Total
Total

Selection Bias
N=366




Timing matters: IgM/IgG patterns are not interpreted in

Pattern

IgM-/ 1gG-

IgM+ / IgG-
IgM-/ IgG+
IgM+ / IgG+

Broad positivity

Isolation

Possible meaning

True negative, too early, immmune
suppression, prior antibiotics

Early infection, persistent IgM, non-
specific activation

Prior exposure, later-stage infection,
Immune memory

Current/recent infection, reinfection,
mixed-stage response

Multi-exposure, co-infection, polyclonal
activation, immune dysregulation

Clinical caution

Does not fully exclude
disease if pre-test probability
IS high

Interpret with timing and
symptoms

Does not automatically prove
active infection

Requires clinical correlation

Do not equate automatically
with many active infections

Copyright of Te?ted Oy



Biomarker 1: broad IgG patterns may associate with stronger
immune activation

@ Non-Universal Responders m Universal Responders

Universal positive exhibited moderately higher
Biomarker 1 levels than non-universal positive, though
not statistically significant, hinting at stronger immune
activation trends.

ANEG-G mNUP-G mNUP-M B UP-G P m UP-MG UP-G had significantly elevated Biomarker 1 values
than NEG-MG, suggesting strong IgG-driven immune
responses, while other groups like NUP-M and UP-
MG showed more modest or overlapping results with
controls.

j?ﬁ@%é

Clinical interpretation: broad IgG reactivity may reflect prior exposure, but in selected
patients it may also associate with an activated immune phenotype. Copyright of Te?ted Oy




Biomarker 2: universal IgM patterns may signal active immune
dysregulation

O Non-Universal Responders B Universal Responders

Universal positive had nearly double the Biomarker 2
signal compared to non-universal, suggesting a more
intense or broader immune activity — though shy of
statistical significance.

BE NEG-MG E NUP-G ENUP-M @UP-G OUP-M m UP-MG

Universal IgM positive (UP-M) stood out with significantly
higher Biomarker 2 levels compared to NEG-MG and
NUP-G, indicating strong IgM-driven immune activity.

iée@g+

Clinical interpretation: broad IgM reactivity should not be interpreted only as “many acute
infections.” It may also reflect persistent immune activation or altered B-cell regulation.
Copyright of Te?ted Oy



Biomarker 3: possible endothelial/inflammatory signal, but not a
stand-alone marker

B Non-Universal Responders

B Universal Responders UP showed slightly higher Biomarker 3 expression than
non-universal responders, but the difference was not

. statistically significant, suggesting minimal diagnostic or
clinical relevance.

B NEG-MG mENUP-G ENUP-M @ UP-G OUP-M mUP-MG

UP-M exhibited significantly higher Biomarker 3 levels

compared to NUP-M, while UP-MG had lower values than

B UP-M, implying that strong IgM responses may drive

i Biomarker 3 expression, and dual responses might
e B o SUppress or balance it.

Clinical interpretation: Biomarker 3 may help describe immune/inflammatory context in

selected subgroups, but it should not be treated as a diagnostic marker by itself.
Copyright of Te?ted Cy




Immune-context interpretation: broad antibody
patterns may reflect immune dysregulation

In complex TBD presentations, broad IgM/IgG reactivity may reflect more than
infection alone.

Possible explanations include:
persistent immune activation, polyclonal B-cell activation, altered IgM/IgG regulation,
endothelial or inflammatory stress, cross-reactivity, co-infection, prior exposure, or

Immune dysregulation.

Clinical caution: Broad positivity should trigger pattern-level interpretation — not
automatic labeling as multiple active infections, and not automatic dismissal as false

positivity.

The better approach is pattern-level interpretation.
Copyright of Te?ted Oy



It’s not just about the microbe — it is also the host
response

5 e~ ‘\,:.1\ Y
EATE e AL DL |

Scientist: New paradigm of
immune-driven chronic

Three- disease.
part Provider: Practical tools for
Impact pattern-based diagnostic

reasoning

Patient: Validation and a
faster, hopeful path to
treatment.

Copyright of Te?ted Oy



Case 9 focus: immune dysfunction and autoimmune-
like trajectories

From “acute infection” to “persistent immune activation

Stage 1 Stage 2 Stage 3 Stage 4
Exposure + infection Mixed activation Chronic immune Catelli Al e
) dysregulation phenotype
Tick bite / Borrelia I?roader |nfe_ct|o_us + _ PerS|ste_nt FIare_ biology, s_ystemlc
. immune activation; inflammation, inflammation,
exposure with early i i .
symptoms may incomplete resolution, autoimmune
humoral response . . . . ] I
diversify biomarker complexity predisposition

Where TICKPLEX® fits: it helps map infectious exposure patterns and co-infection
context across immune phases, especially when the clinical narrative has become
chronic, relapsing, or autoimmune-like.

Interpretation framework — not proof of causation. Refs 2.3.7 11
Copyright of Te?ted Oy



A 6-stage diagnostic workflow: before and during test
selection

Suggested algorithm:

Stage 1 — Clinical patterning before testing

Exposure history, geography, symptom chronology, prior treatment, flares,
iImmune history, and red flags.

Stage 2 — Basic exclusion and safety labs
CBC, CRP/ESR, liver/kidney function, thyroid, B12/folate, ferritin,
glucose/HbA1c, autoimmune screening where indicated.

Stage 3 — Targeted infectious testing
Use Lyme/TBD/co-infection testing when exposure and symptom pattern
justify it.

Copyright of Te?ted Oy



A 6-stage diagnostic workflow: interpretation and
follow-up

Stage 4 — Broader multiplex serology
Use when symptoms are multi-system, prior testing is incomplete, co-
infection risk is plausible, or single-pathogen logic has failed.

Stage 5 — Immune-context interpretation

Ask whether results suggest recent exposure, prior exposure, persistent
Immune activation, polyclonal response, immune suppression, or possible
false-negative/false-positive risk.

Stage 6 — Follow-up and reassessment
Do not treat the laboratory result alone. Reassess symptoms, function,
inflammatory markers, immune markers, and clinical trajectory.

Copyright of Te?ted Oy



e
TICKPLEX Published and post-market evidence

shapshot
) 0
86% / 88% / 46.51% 33.57% 37.27% |
87% : o . : _ Symptom
Antibody positivity to Multiple co- Seronegative patients burden trends
Positive / negative / 21 TBD pathogenin infections among with immune in PMPF
overall agreement the 301-patient cohort positive patients abnormalities summaries

summary

Evidence supports: agreement, co-infection detection, immune-context interpretation,
and case-based management utility.

Clinical rule: interpret with history, symptoms, timing, and follow-up.

Refs 1,2,4—7
Copyright of Te?ted Oy



Cases 1-3: front-end clinical utility

When the clinician needs a reason to test broadly at the start of the pathway.

Scenario

Case 1

Case 2

Case 3

Tick bite +
early Lyme-
compatible
symptoms

Febrile “viral-
like” illness after
outdoor exposure

Neuro symptoms /
neuropathy with
inconclusive testing

How TICKPLEX may support
reasoning

Supports a broader first-pass
serology review and may reduce
delay caused by serial testing.

Useful when the presentation
could reflect Borrelia plus
Babesia/Ehrlichia/Rickettsia
rather than a simple viral
syndrome.

Helps uncover Borrelia * co-
infection patterns that can justify
a more structured neurologic TBD
workup.

Evidence

Agreement vs conventional two-tier
classifications plus added co-infection
detection in relevant subgroups.

IFU antigen coverage plus febrile-cohort
utility in the published/PMPF evidence
base.

PMPF and case-series narratives describe
management changes after multiplex
findings.

Refs 1,2,4,40, 11
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Cases 4-7: persistent, complex, and seronegative
presentations

TICKPLEX may be clinically useful when conventional workups have become fragmented
and the exposure/symptom pattern remains plausible.
Case 4 Persistent/relapsing symptoms

Includes Borrelia spirochete- and persistent-form Evidence cues to use in discussion
antigen context; useful when symptoms relapse or
persist. * [FU: intended to aid diagnosis; negative
Case 5 Chronic multi-system Lyme-like patient results do not rule out disease
Supports stratification of mono- vs multi-pathogen
patterns when co-infections may drive incomplete * PMPF: integrates post-market case
response. narratives and antigen-level performance
Case 6 Clinically compatible but seronegative
Use with caution and context: IFU explicitly states  Biomarker cohort: seronegative patients may
negative results do not exclude disease. still show immune abnormalities
Case 7 Chronic fatigue / headache / prior misdiagnoses « Case series: previously missed co-infections
Helps re-anchor the differential in a credible tick-borne can delay recovery

framework when exposure risk is plausible.
Refs 1,320,7,10

‘My hardest patients are the ones who don’t fit neat boxes.’ . gt of Terted Oy



Cases 8-10: reproducibility, immune phase, and
treatment success

Multiplex results may become clinically useful when they are reproducible, coherent
with the case, and linked to follow-up..

Case 8 Inter-laboratory reproducibility

Published concordance work and PMPF 301 37.27% 87%
summaries support cross-site confidence.
Patients in i
_ _ _ lonaitudinal Seronegative Overall
Case 9 Immune dysfunction/autoimmune-like L g lik with immune agreement
trajectory ir:ﬁ;:te abnormalities summary

Map infectious triggers when the clinical
conversation shifts from acute infection to chronic
immune activation.

Treatment-success story: use multiplex findings

Case 10 Treatment success / follow-up to justify why management becomes more
targeted—not just broader—and why follow-up
can be discussed in symptom and biomarker
terms.

Use multiplex patterns to support targeted
management and biomarker/symptom tracking.

31
Refs 2,5-10 Copyright of Te?ted Oy



Clinical takeaway
Complex chronic patients need neither dismissal nor
indiscriminate testing.

They need disciplined pattern recognition, staged testing,

careful interpretation, and follow-up that connects
symptoms to measurable biology
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