The Long COVID CURE Initiative at PolyBio Research Foundation

VIPER: a program to validate the top Long COVID diagnostic tests

EXECUTIVE SUMMARY:

Many of us rejoiced when the COVID-19 pandemic was declared over. However, the harsh reality is that
the aftermath of the SARS-CoV-2 virus has left close to 20 million Americans and hundreds of millions of
people worldwide suffering from debilitating chronic disease. So far there is no cure for these "Long
COVID" patients, who typically deal with crushing fatigue, joint pain, and neurological dysfunction.
Indeed, in the USA alone the economic cost of Long COVID is estimated at over $3.7 trillion, including
reduced quality of life, lost earnings and increased medical spending.

To date there are no reliable diagnostic tests to identify root cause drivers of the Long COVID disease
process, and without these reliable diagnostic tests it is extremely difficult to develop and test potential
therapeutic drugs to combat the effects of the disease. To fill this gap, PolyBio Research Foundation's
Dr. Amy Proal and a team of top virology experts from the University of California San Francisco have
developed a diagnostics development program called VIPER. VIPER builds on key data from PolyBio's
S40M Long COVID Research Consortium initiative to 1) develop accurate diagnostic tests to identify the
existence of Long COVID 2) quantify persistent SARS-CoV-2 viral particles in Long COVID blood and other
fluids 3) use the diagnostic test measurements to develop therapeutics to cure the disease.

The VIPER program is modeled after a highly successful program for HIV diagnostics called RAVEN. The
VIPER team includes many of the key research leaders in RAVEN, who wrote the playbook that led to
successful treatment for HIV. VIPER findings will be published and communicated directly to the FDA
and pharmaceutical companies who can use the validated tests to monitor responses to treatment in
clinical trials of drugs that target persistent SARS-CoV-2 virus.

We believe that VIPER can help lead to effective treatments for Long COVID and other infection related
conditions - and possibly even a cure. The program cost is estimated to be around $8M and we hope to
raise that money from donors who wish to support the group to cure this debilitating disease. Donors to
the VIPER program will also potentially be able to have an option to participate in future companies that
may emerge based upon IP generated by the project.

The search for a cure

Despite an enormous public health burden, there are no clinically available diagnostic tests or FDA
approved treatments for Long COVID. This lack of diagnostic tests is the primary barrier to testing
therapeutics and to engagement from the pharmaceutical industry, which is essential to developing
treatments. Early in the HIV epidemic, a lack of diagnostic tests for the virus meant that companies were
unwilling to invest resources in clinical trials. However, once validated diagnostics were developed there
was massive engagement by the pharmaceutical industry, and the rapid development of dozens of
effective therapies.

A set of complimentary diagnostic tests for Long COVID could be similarly transformative, leading the
way to (1) easily diagnose key "root cause" drivers of the disease and identify who may benefit from a




specific therapeutic approach, (2) define an individual’s prognosis, (3) incentivize industry engagement,
and (4) monitor response to future therapies.

The chronic persistence of the SARS-CoV-2 virus in tissue or host cells has emerged as a key driver of
Long COVID symptoms in at least a portion of patients. However, a major barrier to effective treatment
of viral persistence is the lack of validated, high-throughput diagnostic tests that reliably identify
persistent SARS-CoV-2 RNA, spike protein, or associated immune responses in accessible fluids like
blood. Multiple tests are in development, but there is an immediate need for a rigorous head-to-head
comparative evaluation to establish which tests - or combinations of tests - have the best performance
characteristics, and hence should be “scaled up," optimally by commercial manufacturers, and
employed in Long COVID clinical trial and medical education protocols.

To fill this gap, we seek to run a comprehensive diagnostic test validation program within the Viral
Immunopathogenesis and Persistence Repeat Donor Cohort (VIPER). The program will collect a central
set of accessible samples (blood, saliva, stool) and gut tissue samples from extremely well characterized
Long COVID participants and healthy volunteers. Then, 5-8 collaborating laboratories engaged in
diagnostic test development for SARS-CoV-2 persistence will receive identical sets of VIPER
biospecimens. We will compare each collaborating laboratory’s diagnostic test measurement using
accessible samples against the tissue-based measures of persistence (and to each other) to determine
the sensitivity of each test for assessing viral persistence. The top diagnostics identified by VIPER will be
published and communicated directly to the FDA and pharmaceutical companies who can use the
validated tests to monitor responses to treatment in clinical trials of drugs that target persistent SARS-
CoV-2 virus.

BACKGROUND
Long COVID: a mass disabling disease impacting at least 60 million people globally

The US Centers for Disease Control and Prevention estimates that approximately 6% of Americans
infected with the SARS-CoV-2 virus develop a debilitating chronic disease called Long COVID. Similar
Long COVID disease incidence is being reported across the globe, meaning that 15 to 20 million
Americans and countless tens of millions more individuals across the world are suffering from this
disabling condition. The total estimated economic cost of Long COVID in the US is estimated at
~$3.7 trillion per year, including reduced quality of life, lost earnings and increased medical
spending. Long COVID is leading to massive reduced quality of life, lost earnings and increased
medical spending. For example, over 4 million Americans are missing from the workforce due to
Long COVID.

Despite this tremendous burden of chronic disease, not a single Long COVID diagnostic test or approved
treatment exists. VIPER aims to change that.

World class team

The VIPER team includes the top researchers and physicians in the Long COVID space. The VIPER
program will be overseen by Dr. Amy Proal and the PolyBio Research Foundation team. Dr. Proal leads
the PolyBio Long COVID Research Consortium (LCRC): a $40 million privately funded initiative that has
identified key root cause drivers of the Long COVID disease process. LCRC scientists from top research
institutions across the world are working together in an unprecedented fashion to fast-track this critical
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Long COVID research. These include teams with innovative diagnostic test platforms that can be rapidly
positioned into the VIPER program.

The VIPER program will be directed and based out of the University of California San Francisco Long
Term Infection with Novel Coronavirus (LIINC) study. The LIINC team - led by Dr. Steven Deeks and Dr.
Michael Peluso - has deep virology expertise and are globally recognized for transforming HIV from a
deadly disease into a treatable illness. In 2020 the team rapidly pivoted their decades-long HIV research
and clinical trial infrastructure into the study and treatment of Long COVID. LIINC was the first rigorous,
prospective Long COVID study in the world. Since 2020, LIINC has enrolled and studied over 1700
individuals with Long COVID. The team has distributed >45,000 blood, tissue and other samples
collected from LIINC participants to external LCRC and other collaborators who have used the samples
to identify key drivers of the Long COVID disease process.

Specifically the VIPER team includes:

Amy Proal, PhD

President/Research Director, PolyBio Research Foundation

Scientific Director, CoRE Clinic, Icahn School of Medicine, Mount Sinai
Leading global microbiologist uncovering infectious drivers of chronic disease.
Deep expertise in coordinating large-scale research projects that fast-track
discovery.

Steven Deeks, MD

Professor in Residence

University of California San Francisco

Legend in the HIV world. Responsible leading research efforts to identify key
HIV diagnostics and treatments. Currently running the first clinical trial in the
world to cure HIV.

Michael Peluso, MD

Assistant Professor of Medicine

University of California San Francisco

Leading infectious disease physician who has treated hundreds of Long COVID
patients. Huge experience obtaining samples from Long COVID patients and
leading targeted sample analysis.



https://liincstudy.org/
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https://polybio.org/projects/support-of-the-long-term-impact-of-infection-with-novel-coronavirus-liinc-program-a-clinical-core-to-facilitate-long-covid-collaborative-research/

Timothy Henrich, MD

Professor of Medicine

University of California San Francisco

Expert in virus tissue analysis and the molecular methods needed to clarify
optimize SARS-CoV-2 diagnostic use. Global expert in experimental medicine
clinical trials to target persistent viruses.

SARS-CoV-2 persistence is a clear driver of disease

Key research by Drs. Proal, Deeks and

team has identified an important driver Pt 16 (442 Days Post Pt 22 (676 Days Post
of Long COVID symptoms: A portion of COVID-19) COVID-19)

Long COVID patients do not clear SARS-
CoV-2 after acute infection. Instead, the
virus persists in tissue or host cells as a
'reservoir'. This reservoir appears to
leak spike protein into the circulation,
triggering inflammation and immune
dysfunction. For example, in a seminal
paper in the journal Science
Translational Medicine the LIINC team
showed replicating SARS-CoV-2 virus in
gut tissue collected from Long COVID
patients up to 2 years after their initial
infection. Dozens of other studies have
also found persistent SARS-CoV-2 RNA or protein in tissue or blood samples collected from Long COVID
patients years after initial illness.

Data from our team showing replicating SARS-CoV-2 RNA (pink in the image)
in gut tissue from individuals with Long COVID almost 2 years post-infection.

A lack of diagnostic testing for persistent SARS-CoV-2 is impeding the ability to discover treatments.

Persistent reservoirs of SARS-CoV-2 in Long COVID could be targeted via clinical trials of antivirals,
monoclonal antibodies, immunotherapies, and other drugs. Indeed, LCRC recently published a paper in
the journal Lancet Infectious Diseases that delineates a roadmap for the optimal design of such trials,
which - if executed - could help millions of Long COVID patients return to health.

However, a major challenge is that our pharmaceutical partners, who develop and have access to the
drugs that we believe need to be tested in clinical trials, have been unwilling to take on the financial cost
of these studies. That is largely because there are no validated diagnostics by which to measure
persistent virus in clinical trial participants, meaning that response to treatment cannot be optimally
determined. In addition, a lack of validated diagnostics can impede accurate clinical trial recruitment —
we need to be able to confirm that the people who we are enrolling in these trials stand to benefit, that
is, that they actually have measurable SARS-CoV-2 persistence before the study.
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This is now recognized as a major need for the field. For example, two recent clinical trials of the drug
Paxlovid to treat SARS-CoV-2 persistence in Long COVID failed to meet their endpoints. This is partly
because the trial teams had no diagnostics by which to recruit Long COVID patients with persistent virus
into the trials, meaning that patients with other drivers of Long COVID that are not likely to be
responsive to antivirals were likely incorrectly included in the trial group.

In other cases, existing generic drugs such as Truvada, Maraviroc, or low-dose rapamycin that can be
prescribed by Long COVID physicians may have activity against persistent SARS-CoV-2. However,
physicians lack the confidence to regularly prescribe these medications because there are no diagnostic
tests they can use to document that patients actually harbor persistent virus. Instead, they are forced to
prescribe medications based on symptom profiles or "hunches," which promotes an incorrect
stereotype that Long COVID is mysterious syndrome that cannot be effectively managed.

Challenges to diagnosing SARS-CoV-2 persistence

To fix this situation we must validate diagnostic tests for SARS-CoV-2 persistence. But there are
challenges. While detection of SARS-CoV-2 in biopsied tissue of the gut is the most direct measurement
of persistent viral burden, it is not scalable as a biomarker because it is invasive and expensive (analysis
of the tissue is slow, costly, and labor intensive)-Meanwhile, the degree to which circulating biomarkers
of SARS-CoV-2 persistence in accessible fluids like blood track with gut tissue levels remains unknown,
and blood-based detection of SARS-CoV-2 RNA and protein in those with Long COVID has been
intermittent, due to potential diagnostic test sensitivity issues, and differences in sample collection
protocols across clinics and laboratories.

Furthermore, efforts so far to develop diagnostic tests to identify persistent SARS-CoV-2 RNA and
protein have been pursued by laboratories working with separate and non-comparable groups of Long
COVID patients, with no head-to-head comparisons between testing platforms. There is thus an urgent
need to validate emerging, high-throughput viral persistence diagnostics in accessible fluids (blood,
saliva, stool) on a central set of samples obtained from the same highly characterized Long COVID
participants to identify the most promising diagnostic tests, compare their performance, and advance
the field. These are key considerations because reliable, accessible persistence diagnostic tests would
not only increase our ability to run and interpret key Long COVID clinical trials, but also allow trials to be
more inclusive, potentially even enabling sample collection at home for bedbound patients with severe
disease.

Solution: The VIPER program

To address this gap, we propose a comprehensive diagnostic test validation program within the Viral
Immunopathogenesis and Persistence Repeat Donor Cohort (VIPER). VIPER is a new component of the
UCSF LIINC study and engages researchers across the LCRC and in other leading institutions. The
program will recruit 150 people, stratified by Long COVID or full recovery, who will undergo a
comprehensive clinical evaluation followed by a gut biopsy and then non-invasive sampling (blood,
saliva, stool) twice weekly for 4 weeks. Large volumes of highly curated samples will be cryopreserved
and stored in the professional LIINC biorepository and annotated with the extensive patient clinical data.
Then, in conjunction with representatives from the PolyBio LCRC, 5-8 collaborating laboratories engaged
in diagnostic test development for SARS-CoV-2 persistence will receive de-identified VIPER samples from
identical sets of participants. Each laboratory will perform measurements on these specimensin a




blinded manner and provide the results to the central VIPER data coordinating center to conduct an
unbiased analysis led by VIPER’s experienced epidemiologists and biostatisticians. Our objectives are to:

Objective 1: Validate non-invasive, scalable diagnostic tests for SARS-CoV-2 persistence in Long COVID.
We will assess the performance of each candidate diagnostic (e.g., single molecule array (Simoa),
microfluidic capture, immune biosensor platforms) against clinical symptoms of Long COVID versus full
recovery. In addition, we will compare each collaborating laboratory’s diagnostic test measurement
using accessible samples against the tissue-based measures of persistence to determine the sensitivity
of each test for assessing viral persistence. We expect that gut measures of virus persistence will be the
most sensitive and specific marker of Long COVID, but that more scalable accessible diagnostic tests will
prove useful as a proxy for the tissue measurements. We will identify the diagnostic test - or
combination of diagnostic tests - that achieve the optimal sensitivity and specificity for identifying viral
persistence in Long COVID.

Objective 2. Evaluate the reproducibility of SARS-CoV-2 persistence diagnostic tests over time. All VIPER
participants will be followed intensively over a 4-week period with twice-weekly sampling; a subset will
undergo hourly blood sampling for 24 hours in our inpatient unit. This intensive schedule will permit
evaluation of within-person variability by factors such as time of day, meals, physical activity, and
homeostatic functions (sleep, stress) to see whether these factors influence the performance of these
tests. This will allow us to determine which testing methods can be most feasibly implemented as
diagnostic tests for SARS-CoV-2 persistence in the clinic.

Objective 3. Determine how the SARS-CoV-2 persistence diagnostics optimally interrelate. It is
increasingly understood that SARS-CoV-2 can persist in different ways (replicating virus, inert viral RNA
protein, etc.), meaning that a set of combined diagnostics - some that measure viral spike protein, some
that capture immune cell responses to persistent virus — may be needed. This set of diagnostics can help
determine not just if Long COVID patients harbor persistent SARS-CoV-2 RNA or spike protein, but if the
virus is engaging the immune system in specific ways. This understanding will allow certain tests from
the diagnostic suite to be best positioned into specific Long COVID clinical trials. For example, potential T
cell based therapies in Long COVID would most benefit from diagnostics that capture virus-specific
immune cell responses. Long COVID monoclonal antibody trials (which are aimed at reducing spike
protein circulation) would likely use validated persistence diagnostics focused on sensitive identification
of viral proteins.

T-he first five platforms selected for VIPER are cutting-edge and highly differentiated:

John Wherry, PhD, University of Pennsylvania: Tetramer test to identify

i persistent virus T cell responses.
\ . The test measures if a patients' T cells are responding directly to proteins

created by the SARS-CoV-2 virus. Because T cell responses are transient and
should fade if the virus they detect is not still present, the test can be used as
an immune biosensor of SARS-CoV-2 persistence.
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Eun Lee, MD, Emory University: MENSA "immune snapshots" of persistent
virus

The MENSA (Media Enriched with Newly Synthesized Antibodies) test captures
SARS-CoV-2 specific immune cell responses secreted from circulating host
plasmablast immune cells. This provides an "immune snapshot" that clarifies if
a patients' immune system is responding to persistent viral infection.

David Walt, PhD, Harvard Medical School: SIMOA (Single Molecule Array assay
to identify spike or other proteins)

The SIMOA test uses microscopic beads coated with antibodies, to detect
extremely small amounts of the SARS-CoV-2 spike protein in a sample.
Detection occurs if even a single molecule binds to one of the beads, because
the beads fit perfectly into evenly spaced femtoliter-sized microwells (the
"array").

Shannon Stott, PhD, Harvard University: Microfluidic test to capture viral
particles

The microfluidics test uses an ultrasensitive platform to capture intact SARS-
CoV-2 viral particles (as few as 3 viral copies per milliliter) in circulating
extracellular vesicles. The approach uses an engineered angiotensin-
converting enzyme 2 (ACE2) receptor to capture the intact viral particles.

Morgane Bomsel, PhD INSERM: Probes to identify platelet-associated viral
RNA

The test uses probes to find the RNA backbone of the SARS-CoV-2 virus in
circulating host cells such as platelets. Additional methods are used to
characterize the mitochondrial metabolism of host cells carrying persistent
viral RNA.

An additional 3- 4 platforms will be selected through a curated meeting of ~20 scientific leaders hosted
by PolyBio at Cold Spring Harbor Banbury Center in late 2025. These experts from Stanford, UCLA, Johns
Hopkins, Emory, Tulane and other top institutions are testing diagnostics platform technology for viral
persistence that include DNA/RNA, immune system bio sensors, ultrasensitive proteomics/EVs, and
nanoparticle/lipidomics/CRISPR.

Collaboration with the HIV RAVEN Program Team

Our program is modeled after a highly successful program for HIV diagnostics called RAVEN (Reservoir
Assay Validation and Evaluation Network). Funded by the Gates Foundation, RAVEN facilitated the
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development and rigorous evaluation of the performance characteristics of blood-based assays for HIV
persistence. The model was the same as VIPER: after the establishment of a well-characterized cohort of
people with HIV, intensive sampling was performed and the biorepository shared with collaborating
laboratories to evaluate a variety of assays (diagnostic tests) to measure the amount of HIV harbored in
a person’s body. RAVEN evaluated multiple ultrasensitive HIV detection and quantitation diagnostic
tests for HIV cure and immunotherapy research, including head-to-head comparisons of the types
shown here. Assays developed and validated through the program are now a core part of HIV cure
clinical trials and have greatly accelerated the conduct of these studies and the engagement of
pharmaceutical partners whose drugs are being tested.

The VIPER team includes many of the key players in RAVEN — Dr. Deeks and Dr. Peluso led the cohort
development and biospecimen collection via their UCSF SCOPE cohort (the predecessor to LIINC) — and
have again partnered with Dr. Michael Busch and Dr. Mars Stone at the Vitalant Research Institute (VRI).
The labs at VRI will not only participate in large volume collections of cells and plasma from VIPER
participants but will also leverage their decades of experience to develop “standards” — plasma and cells
that are infected with known amounts of SARS-CoV-2 RNA or spike protein — that will be used alongside
the specimens from VIPER participants to validate the various assays. The collaboration between LIINC
and VRI, and the framework of RAVEN, uniquely positions the VIPER team to do this work.

Expansion of VIPER to other Long COVID disease mechanisms:

Over time VIPER can be expanded to validate diagnostic tests capable of measuring other biological
drivers of Long COVID beyond viral persistence. These related tests can measure factors including 1)
blood vessel function 2) microbiome imbalance 3) immune dysregulation 4) mitochondrial dysfunction.
Al/machine learning can be used to identify combinations of biomarkers associated with specific Long
COVID symptoms (e.g. neurological/cardiovascular).

Maximizing VIPER Impact
PolyBio is uniquely positioned to accelerate the rapid uptake of VIPER validated diagnostics:

1. PolyBio will work with VIPER teams to start diagnostic companies

PolyBio’s goal is to take this science from the lab to commercialization quickly. The team will work with
groups like StudioDx to help incubate and guide VIPER diagnostic teams on forming successful
companies to commercialize their testing platforms.

2. VIPER donors will receive first information on access to investment opportunities

If and when promising diagnostics emerge via VIPER, donors to the program will have access to explore
commercial partnerships or invest in follow-on diagnostic and treatment development. This early-stage
funding will act as catalytic seed capital to unlock future commercial pathways.


https://drummondsci.com/innovators-insights-nate-davis-and-brandon-johnson-co-founders-of-studiodx/

3. The Mount Sinai CoRE clinic will be
used as a VIPER diagnostics beta
testing site

PolyBio’s Dr. Amy Proal serves as
Scientific Director of the Mount Sinai
Cohen Center for Recovery from
Complex Chronic Iliness (CoRE) and
helps oversee the Center's Long
COVID clinical trial and treatment
program. In that capacity she works
alongside Dr. David Putrino: CoRE's
Nash Family Director who is an expert
in therapeutic innovation. Drs. Proal,
Putrino, and the CoRE team will
ensure that the top viral persistence

> diagnostic tests identified by VIPER

are built into the CoRE’s clinical trials
and free medical education program.
Indeed, the team just released the first-ever Infection-Associated Chronic Disease Provider Manual. The
landmark resource equips clinicians with practical guidance on diagnosis and targeted treatments for
patients with Long COVID and other complex chronic conditions. VIPER diagnostic tests will also be built
into Long COVID clinical trials at UCSF LIINC and other LCRC sites.

Dr. Amy Proal (Scientific Director) and Dr. David Putrino (Nash Family Director) of the CoRE Clinic.

4. The tests will be positioned as companion diagnostics in Long COVID clinical trials

PolyBio, the LIINC team, the CoRE team, and other members of LCRC have direct relationships with
Invivyd, ImmunityBio, Enanta, Regeneron, Techimmune and other pharmaceutical companies making
monoclonal antibodies, immunotherapies, and other drugs positioned to target persistent virus in Long
COVID clinical trials. For example, PolyBio's Dr. Proal and LIINC's Dr. Peluso recently joined SPEAR: a
study group working directly with the USA Food and Drug Administration (FDA) to determine the
optimal design of monoclonal antibody clinical trials to target persistent virus in Long COVID. Top
persistence diagnostics identified by VIPER will be directly communicated to the SPEAR team and other
industry partners. This will position them to be used as companion diagnostics in relevant Long COVID
clinical trials.

5. The diagnostics platforms will be expanded to other infections

Each VIPER diagnostic has the potential to evolve beyond SARS-CoV-2 into a broader multi-pathogen
platform (e.g., flu, Lyme, other bacterial co-infections). In some cases, there may be an opportunity to
bundle top diagnostics into a scalable multi-pathogen platform. This will significantly expand the target
market of each group making persistence-based diagnostics. For example, chronic Lyme disease alone
disables millions of patients across the USA, representing a large and underserved diagnostic market.

Conclusion

Obtaining $8M in funding for the VIPER program will enable us to zero in on the appropriate diagnostic
tests to diagnose SARS-CoV-2 persistence in Long COVID. The program will also set the stage for
validation of diagnostic tests for blood vessel, immune, mitochondrial and related biomarkers in patients
with the disease. We will use the validated diagnostic tests to determine which therapeutics will lead to
effective treatment for 60M+ Long COVID sufferers around the globe.
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The VIPER team has done this before in HIV. They can do it again in Long COVID. With the right support,
VIPER will deliver the first validated diagnostic suite for persistent SARS-CoV-2— and lay the foundation
for a new era of precision medicine in infection-associated chronic disease.
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