Revolutionizing Point-of-Care Diagnostics
with Thermal Contrast Amplification (TCA)

Vigilant Diagnostics' Thermal Contrast Amplification (TCA) technology is an
innovative advancement poised to transform point-of-care (POC) diagnostics. It
builds upon the familiar lateral flow assay (LFA) - the simple strip tests used in
at-home COVID-19 kits and pregnancy tests - by greatly amplifying their
detection sensitivity. The result is a rapid test that remains easy to use but
delivers precise, ultra-sensitive, and quantitative results within minutes,
bridging the gap between quick bedside tests and complex lab diagnostics.
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Understanding Lateral Flow Assays
and Thermal Contrast Amplification

Lateral flow assays are a cornerstone of rapid
testing. They typically use gold nanoparticle
labels on a paper-like strip to indicate the
presence of a target substance (for example,
showing a colored line if a sample is positive).
LFAs are popular because they are simple, fast,
and require no special equipment - anyone can
interpret a visible line with minimal training.
However, traditional LFAs rely on the naked eye
to detect that colored line, which means very low

levels of a target (analyte) might go unnoticed.

Thermal Contrast Amplification (TCA) enhances
these tests by using light and heat to read the
results instead of just eyesight. In a TCA-enabled
LFA, an LED light is shone onto the gold
nanoparticles that have bound to the target on
the strip. These particles heat up slightly when
illuminated. An infrared sensor then detects this
tiny heat signal. Because even a faint positive line
will produce some heat, TCA can "see" signals
that a human eye would miss.

Vigilant’s TCA LED Reader can be produced in a
variety of configurations, supporting settings
ranging from clinical and home tabletop devices
to handhelds for field portability.

In practical terms, this approach has shown roughly a 10-fold improvement in sensitivity over standard
visual LFA reading out of the box. With further optimization of the test strip chemistry, sensitivity
improvements up to 1,000-fold have been achieved - meaning TCA-enhanced LFAs can match or even
exceed the detection levels of advanced lab tests like ELISA (a gold-standard laboratory immunoassay)
(Qinetal., 2012; Liu etal., 2021). In short, TCA lets a humble paper strip detect analyte levels that were

previously undetectable by conventional rapid tests, without sacrificing speed or convenience.
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Retaining the Advantages of LFAs

One of the greatest strengths of TCA is that it retains all the core advantages of traditional lateral flow

assays while only adding a small, user-friendly step (the TCA reader). Key benefits inherited from LFAs

include:

g

Simplicity and
Ease of Use

Lateral flow tests are
famously easy to operate
- as demonstrated by
millions of people
successfully using at-
home COVID-19 tests.
Implementing TCA does
not change this
simplicity. The TCA
reader is automatic and
straightforward, meaning
minimal training is
required for users to
obtain a result.

Scalability and
Stability

The manufacturing
processes for LFAs are
well-established and
highly scalable,
producing tests with long
shelf lives. TCA does not
require any exotic new
reagents or materials
beyond what typical LFAs
use, making tests stable
in storage.
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Rapid Results

Standard LFAs deliver
results in minutes, and
adding TCA preserves
this speed. The thermal
reading with an LED and
sensor only takes a few
additional seconds to
perform. This means
clinicians and patients
still get answers on the
spot, enabling
immediate decision-
making.

Regulatory and
Manufacturing
Familiarity

Because TCA builds on
the LFA format, it
leverages the fact that
regulatory pathways
(e.g. FDA approval) and
quality control processes
for LFAs are well
understood, making the
path to market smoother
and more predictable.

Point-of-Care
Convenience

LFAs are ideal for
individual testing at the
point of care (whether
bedside, clinic, or field).
Unlike laboratory tests
that often require
batching samples and
specialized equipment,
each LFA can be run
one-by-one, anywhere.

Cost-
Effectiveness

LFAs are known for being
highly cost-effective per
test. By contrast, LFA-
based tests havea
proven track record of
being produced and sold
profitably at just a few
dollars each, even at
scale, ensuring
accessible pricing.
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Overcoming Traditional LFA
Limitations with TCA

While LFAs are convenient, they have historically suffered from a few important limitations. TCA directly

addresses these weaknesses, eliminating the trade-offs that users of rapid tests once had to accept:

Lack of Quantitative
Readout

A conventional LFA typically
gives a qualitative yes/no
result - you either see a line or
you don't. Sometimes a faint
line might appear, which leads
to subjective interpretation
("Is that a positive?"). TCA
solves this issue by analyzing
the thermal signalin a
guantitative way. The infrared
reading produces a number or
a clear metric corresponding
to the amount of target
present, removing guesswork.
Instead of "line or no line,"
clinicians get a measured
value.

Limited Sensitivity

Standard LFAs often cannot
detect very low concentrations
of an analyte, meaning early-
stage infections or low-level
biomarker levels might slip
through as false negatives. TCA
fundamentally improves
sensitivity - in practice, TCA-
enabled tests have detected
targets at extremely low
concentrations (on the order
of femtograms per milliliter, an
attoMolar range sensitivity).
Thisis a level of sensitivity
comparable to, or better than,
laboratory ELISA tests (Liu et
al., 2021).

Narrow Dynamic
Range

The "dynamic range" of a test
refers to the span of
concentrations it can reliably
measure, from the lowest to
highest levels. Traditional
visual LFAs have a relatively
narrow range. TCA expands
the measurable range of LFAs
dramatically (by several orders
of magnitude) (Qin et al., 2012;
Zhan et al., 2017). This
extended range makes TCA-
enhanced tests competitive
with lab methods.

By overcoming these limitations, TCA unlocks the full potential of lateral flow testing. It essentially

combines the user-friendliness of a rapid strip test with the analytical power typically reserved for

complex laboratory instruments. This synergy allows LFAs to be used in many scenarios where they would

not have been adequate before, greatly widening their usefulness in healthcare and other fields.
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Enhancing Diagnostic Sensitivity
in Real-World Use

The dramatic boost in sensitivity provided by TCA is not just theoretical - it has been borne out in multiple
studies and testing scenarios, indicating a significant real-world impact on patient care. For example, in
research involving HIV(detection of the p24 viral protein) and COVID-19 (antigen tests), adding TCA
enabled these rapid tests to meet or exceed the sensitivity of ELISA - the lab-based gold standard. This
means TCA-LFAs could detect these viruses at lower concentrations than standard rapid tests could,
catching infections that might have been missed by conventional methods.

Similarly, retrospective analyses (where stored patient samples were tested with TCA prototypes) have
shown impressive improvements for other infections. In studies of Cryptococcal meningitis, Group A
Streptococcus (strep throat pathogen), and influenza, TCA-enhanced assays significantly reduced the
number of false negatives compared to traditional LFAs. In other words, many cases that would have
incorrectly tested negative on a normal rapid test were correctly identified when TCA was applied, which
would translate to timely treatment for those patients in a real clinical setting.

Additionally, Clostridioides difficile (a serious hospital-acquired intestinal infection) and malaria are
further examples where detection performance improved with TCA. These cases illustrate that across a
broad spectrum of diseases - from viral and bacterial to fungal and parasitic - TCA can elevate rapid
tests to a level of sensitivity that approaches laboratory diagnostics, greatly increasing diagnostic
confidence and reducing the risk of missed diagnoses.
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Quantitative Results at the Point of Care

A key advantage of TCA is providing quantitative results at the point-of-care, unlike traditional rapid tests,
which are typically qualitative—only indicating the presence or absence of a target. TCA-enabled tests deliver
precise numeric values or analyte concentrations, transforming a simple yes/no device into a robust analytical
healthcare tool.

Informed Clinical Decisions

Physicians and nurses can use the quantitative information to make more informed decisions. Rather than just
knowing a cardiac marker or infection biomarker is present, they can gauge its level and decide on treatment
intensity or further testing accordingly.

Patient Monitoring
Patient monitoring becomes feasible with rapid tests. Quantitative readings allow tracking of a patient's

status over time. For example, a decreasing viral antigen level over several days could confirm a therapy is
working, all without sending samples to a lab.

Public Health Surveillance

In public health and epidemiology, having on-site quantitative data means better surveillance. Outbreak
responses can be more calibrated, confirming not only who is positive for a disease but also estimating viral
loads or antigen levels that might correlate with infectiousness or the stage of disease.

Immediate Results

Importantly, all this is achieved at the point of care, in minutes. Previously, getting a quantitative result
meant sending a sample to a lab (taking hours or days). TCA brings lab-like information to the bedside or field
setting instantly.

In summary, TCA transforms rapid testing from simple yes/no indicators to actionable, lab-quality
diagnostics on handheld devices, providing richer data that enables precise clinical decisions,
personalized treatments, and optimized therapy use for healthcare workers and patients alike.

.
i

“TCA provides improved detection sensitivity, and uniquely also quantification,
of antigen burden in Cryoptococcus LFAs. Thus, TCA based LFA reading can
improve both disease detection and medical decisions at the point of care”

-- Dr. David Boulware, MD, MPH
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A Strategic Approach:
Partnering for Broad Adoption

Vigilant Diagnostics' strategy for TCA is to position it as a platform technology that can benefit a wide array of tests
and stakeholders, rather than a single standalone product. To achieve rapid and widespread adoption, our approach
is partnership-driven. We are actively working with and seeking partnerships in several domains:

Diagnostic Manufacturers

Collaborating with established makers of test kits
allows TCA to be incorporated into existing and new
lateral flow products. By licensing the TCA
technology or co-developing enhanced versions of
popular tests, we tap into these companies'
manufacturing expertise, distribution networks, and
customer base. This accelerates market penetration
and helps make TCA-enhanced tests available for
many indications quickly.

Veterinary Health Providers and
Agribusiness

The veterinary diagnostics market - including
livestock, poultry, and pet health - is an important
strategic area for TCA. We aim to partner with
leading animal health companies and agricultural
agencies to deploy ultra-sensitive rapid tests for
animal diseases. These partners understand the
unique distribution channels and regulatory
environment of veterinary medicine, ensuring TCA
technology can swiftly enter that market and help
protect animal populations.

Pharmaceutical and Biotechnology
Companies

We pursue partnerships with pharma companies,
especially in the realm of companion diagnostics
and clinical trials. For example, a drug developer
may need a rapid test to identify patients eligible for
a therapy or to monitor biomarkers during a trial.
TCA can provide the needed sensitivity and
quantitation. By working together, we can integrate
TCA-based diagnostics with novel therapies, adding
value to pharmaceutical products and improving

patient management.

Public Health Organizations and
Governments

By engaging with public health agencies and NGOs,
we seek to position TCA as a tool for disease
surveillance and outbreak control. Partnerships or
collaborations with such bodies can facilitate pilot
programs and validation studies in real-world
settings. Demonstrating public health impact can
lead to broader adoption, funding support, and
inclusion of TCA-enhanced tests in national health
programs.

This partnership-centric model is central to making TCA a ubiquitous standard in next-generation rapid diagnostics.
Instead of trying to market a single product test-by-test in a slow rollout, Vigilant's strategy leverages the strengths of
industry leaders across sectors. By integrating TCA into many different tests through these collaborations, we aim to
establish Thermal Contrast Amplification as a broadly recognized quality mark for enhanced sensitivity in point-of-
care testing.
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Vigilant TCA: Competitive Advantages

Vigilant Diagnostics’ Thermal Contrast Amplification (TCA) significantly enhances traditional colorimetric
lateral flow assays (LFAs), combining simplicity, low cost, and ease of use with dramatically improved
sensitivity—achieving detection limits up to 10-20 times better than visual readout alone.

True Cost Advantage

While academic publications often suggest diagnostic test costs at just $1-$3, real-world commercial
prices typically range from $50-$200 per test, driven by labor, quality control, regulatory compliance,
instrument amortization, overhead, and profit margins. Vigilant TCA leverages the established low-cost
LFA manufacturing ecosystem, positioning it to achieve a favorable cost structure, estimated between
$5-520 per test commercially at scale.

Break-Even and Commercialization

Diagnostics typically face high initial costs for regulatory approvals, quality assurance, and
manufacturing setup. Global benchmarks from initiatives like the Clinton Health Access Initiative
highlight that achieving break-even requires either high test volumes or pricing strategies like tiered or
negotiated rates (e.g., $9 per HPV test). Vigilant TCA's simplicity and existing manufacturing
infrastructure help achieve competitive break-even thresholds quickly, especially at high volumes.

Regulatory and Quality Control Simplification

TCA simplifies regulatory hurdles by using established LFA formats, already familiar to regulatory bodies,
reducing the complexity and cost of adding new biomarkers. Each new TCA-based assay still requires
validation, but leveraging existing approvals and processes significantly streamlines time-to-market
compared to completely novel sensor technologies such as graphene or electrochemical assays.

Logistical and Technical Advantages

TCA maintains LFAs’ ease-of-use, ambient temperature stability, and rapid results, addressing major
logistical challenges faced by competing technologies. Unlike fluorescence assays requiring precise
optical calibration or PCR tests necessitating complex instruments and procedures, TCA provides robust,
quantitative results within minutes, using a portable, user-friendly reader.

TCA Offers a Cost-Effective Alternative with Enhanced Sensitivity ..
= Acaderic Estimate 575 By combining enhanced

sensitivity, low total cost of
ownership, streamlined
regulatory pathways, and
logistical simplicity, Vigilant
TCA uniquely positions itself as
an optimal solution for
scalable, accurate, and
accessible diagnostic testing.
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Future Opportunities & Conclusion

Future Innovations

+ Integration with Digital Health and Al: TCA
can be integrated with smartphone apps,
cloud databases, and Al algorithms, enabling
real-time data analysis, remote monitoring,
and decision support for clinicians.

+ Expansion into Home Testing: TCA has the
potential to bring laboratory-grade
sensitivity into the home, empowering
patients to manage chronic diseases more
proactively.

+ Public Health Surveillance and Biodefense:
TCA-enhanced tests could be deployed for
outbreak control and biodefense, detecting
pathogens at very low levels before they
spread widely.

Conclusion

In summary, Vigilant Diagnostics' Thermal
Contrast Amplification technology represents a
significant leap forward in the capabilities of
point-of-care testing. It fundamentally enhances
the sensitivity, accuracy, and usefulness of
lateral flow assays, turning them into tools that
combine the speed and convenience of a rapid
test with the precision and depth of a laboratory

analysis.

TCA is poised to significantly improve outcomes
across human and animal health by providing
rapid, reliable, and quantitative diagnostic
information whenever and wherever it's
needed, ultimately elevating the quality of care
and intervention on a global scale.

For more information on Vigilant Diagnostic's Thermal Contrast Amplification-enabled solutions for point-

of-care diagnostics, please contact:

Mark Stockhowe
Chief Executive Officer

mstockhowe@vigilantdx.com

Dan Chen
Board Chair
dtchen@vigilantdx.com

John Bischoff
Founder
Bischoff@umn.edu
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