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LIINC: Long-term Impact of Infection With Novel Coronavirus
Launched April 2020, supporting Long COVID pathogenesis research

• > 1300 participants
• > 6500 visits
• > 70K specimens banked 
• > 75 collaborations
• Tissue program
• Imaging program
• Clinical trials program
• Expansion to other IACCs
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• ME/CFS (enteroviruses?)

• Post-Ebola syndrome

• Post-Lyme syndromes

• DNA viruses (EBV)

Evidence of Pathogen Persistence in Many IACCs



There is precedent for persistence of RNA viruses

(DNA viruses)

Diane Griffin, MD, PhD
1940-2024

• Viral factors
– Expression of factors that 

limit activity and evade 
immunity

– Escape mutations

• Host factors
– Immune dysfunction



1. We know that SARS-CoV-2 persistence occurred in the first few 
years of the pandemic (minimum immunity, severe infections)

2. We think it is still occurring with modern infections, but the science 
is still catching up with the evolving pandemic

3. We don’t know if viral persistence is a cause of Long COVID, or a 
consequence of something else that causes Long COVID

Viral Persistence in LC: Where We Are



SCV2 persistence occurred (at least early on)

• Dozens of studies of 
blood and tissue
• Most small
• Similar findings across 

multiple orthogonal 
assays 
• Most pre-Omicron/early 

Omicron



Post-Acute SCV2 Antigen in Blood

Associated with COVID-19 severity

• 2x prevalence among previously 
hospitalized compared to non-
hospitalized, p=0.03

• 3x prevalence among non-hospitalized 
with self-reported severe COVID 
symptoms, p=0.14

• Lends biological plausibility to finding

• Now extended to 24+ months

2% 13% 11% 7.4%

SARS-CoV-2 Antigen

Peluso, Swank, Goldberg…Walt, Martin, Lancet ID 2024

2% 13% 11% 7.4%



Spike RNA on Gut Biopsy Up to 2 Years Post-COVID
Minimal Background Spike RNA detection CD68+ cells and dense areas

Peluso et al  Science Translational Medicine 2024 
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Does Viral Persistence Cause Long COVID?

Strongest relationships with neurocognitive, cardiopulmonary, and musculoskeletal symptoms

Odds of Long COVID 
HigherLower



1. Studies aimed at preventing viral persistence from happening in the first 
place (would have been nice to have these a few years ago)

2. Studies aimed at targeting viral persistence once it has occurred (and let’s 
not make big claims from a few small imperfect studies)

3. A dedicated biomarker development program to figure out how to measure 
viral persistence in a scalable way (and to admit the limitations of our 
current biomarkers and stop saying that we don’t need biomarkers)

4. An open mind about whether or not this is the right target

Viral Persistence in LC: What We Need



How Does Acute Infection Influence Viral Persistence?

Do acute events determine who develops viral persistence? 
Does early treatment prevent viral persistence?
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Preventing Long COVID

• Can sustained treatment with a 
tissue-penetrant, well-tolerated 
antiviral in the first 2-4 weeks 
prevent the downstream cascade 
that leads to Long COVID? 

• Could this work for other IACCs?

• Currently, 0 U.S.-based clinical 
trials examining these questions

• We should be studying this!

Acute Viral Burden

Long COVID

Tissue 
Damage

Viral 
Persistence

Antiviral
Intervention

Other 
Mechanisms



Proal,…Peluso et al Lancet ID 2025

Antivirals?

Monoclonals?

Immunotherapy?

Does Treating Viral Persistence Matter?
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Treating Viral Persistence: Case Reports
Antivirals Monoclonal Antibodies



Does Treating Viral Persistence Matter?

No benefit in 2 studies of Long COVID, but:
• Could not confirm persistence (? ~25%)
• Tissue penetration may be limited
• 2 weeks may be too short (12 weeks for 

feline coronaviruses that persist – no tox 
data for such long courses)

• Biomarkers not yet reported

RECOVER-VITAL (n=900, 3 phenotypes) will 
be be hugely informative
à even if negative there remains a lot to be 
done 



outSMART-LC: Monoclonals for Long COVID

Baseline AER002 vs. Placebo 2:1

2 4 8 12
Primary Endpoint

24 48

Follow Up (Weeks Post-Infusion)

outSMART-LC (NCT05877507): Anti-SARS-CoV-2 Monoclonal Antibodies for Long COVID

Optional
Tissue Procedures

Optional
Tissue Procedures

Standard Assessments: Symptoms, Quality of Life, Physical Function, Neurocognitive Function, Dysautonomia, Biomarkers 

Over half completed pre-post 
gut biopsies and imaging
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Top Line Results Do Not Always Tell the Whole Story

RCT of 463 people with LC to receive a 
combo pre/probiotic vs placebo

• Significant reduction in Long COVID 
symptoms, but:

• No effect on overall quality of life

RCT of 105 people with LC to receive  
an RNase1 molecule vs placebo

• No difference in overall study

• Different pattern in women vs men 
with potential response in women only



Viral Persistence: We Need Better Biomarkers

1) Tissue-based markers not 
available/accessible (need 
accessible biomarkers)

2) Assay sensitivity/specificity

3) Within-person variability Proal,…Peluso et al Lancet ID 2025

We need a large, multi-institution, dedicated biomarker program 
focused on viral persistence and other causes of Long COVID

Industry: “We want to help…but we need a biomarker first.”
Some Advocates/Stakeholders: “Do not limit who can enroll in the studies.”



Tackling the Biomarker Problem

Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 6

BM 1 BM 2 BM 3 BM 4 BM 5 BM 6

Current Situation

No consensus on best performing biomarker

Consensus Biomarkers

Central Cohort: Deep phenotyping, repeat measures

Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 6

What We Need

Data Sharing/
Central Analysis

Built on experience from tackling the same problem in HIV (RAVEN Program)
Initially proposed to focus on viral persistence, but design allows for expansion to any potential mechanism



Peluso, Hanson, and Deeks, Sci Trans Med 2024

Long COVID as a model for other IACCs

SARS-CoV-2 and LC
The synchronicity of the inciting 
infection, universality of the 
exposure, and visibility resulted 
in the ideal environment for a 
coordinated effort to understand 
this new IACC. 

If successful, this can be 
translated to multiple other 
conditions that currently lack 
treatments or cures.



Summary

Where We Are What We Need
1. Studies aimed at preventing viral persistence 

from happening in the first place (would have 
been nice to have these a few years ago)

2. Studies aimed at targeting viral persistence once 
it has occurred (and let’s not make big claims 
from a few small imperfect studies)

3. A dedicated biomarker development program to 
figure out how to measure viral persistence in a 
scalable way (and to admit the limitations of our 
current biomarkers and stop saying that we don’t 
need biomarkers)

4. An open mind about whether or not this is the 
right target
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1. We know that SARS-CoV-2 persistence 
occurred in the first few years of the pandemic 
(minimum immunity, severe infections)

2. We think it is still occurring with modern 
infections, but the science is still catching up 
with the evolving pandemic

3. We don’t know if viral persistence is a cause of 
Long COVID, or a consequence of something 
else that causes Long COVID
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