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UCSF Long-Term Immunological Impact of Novel Coronavirus 
Study (LIINC) study was launched early in the pandemic

LIINC Starts



Reports of post-acute symptoms in hospitalized and non-
hospitalized patients emerged early in the pandemic
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Overview

• Long COVID/PASC – SARS-CoV-2 is not the only cause of infection-
associated chronic illnesses 

• Various “acute” viral infections lead to chronic sequelae – with or 
without viral persistence over time

• Chronic viral infections (e.g. HIV-1, EBV) may be a model for, or 
contributor to, infection-associated chronic illnesses

• Potential mechanisms of infection-associated chronic illnesses, including 
Long COVID

• Other non-viral infection-associated chronic illnesses
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LC is Not Alone: RNA Virus Infection & Long-Term Implications

Griffin, PLoS Biology  2022



Median 23 months following 
discharge:
Increased of blood markers of 
inflammation, intestinal tissue 
damage, T cell and B cell activation 
and exhaustion

https://www.cdc.gov/vhf/ebola/treatment/survivors.html

• Tiredness
• Headaches
• Muscle and joint pain
• Eye and vision problems
• Weight gain
• Stomach pain or loss of appetite

Acute Viral Infections (e.g. Ebola) Can Lead to Persistent 
Symptoms and Inflammation



Ebola Can Lead to Persistent Infection in Immune Privileged Sites



Large Burden of Acute and Chronic Viral Infections World-Wide
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Virgin, Wherry, Ahmed; Cell  2009



Persistent HIV-1 
Leads to Aberrant 
Immune Responses, 
Inflammation and 
Organ Damage 
Despite Antiviral 
Therapy

9
Zicari et al. Viruses2019

HIV-1 RNA and protein 
expression persists 
despite suppressive ART
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HIV-1 and SARS-CoV-2:  Insult on Injury?

• PWH 1.75x as likely to have Long COVID compared to HIV-negative 
• Only 10 PWH in cohort of 530 participants

• Case-control study of ~40 PWH and matched controls
• PWH 4x as likely to have Long COVID compared to HIV-negative

HIV- HIV+

1.75x

4.0x



EBV Infection is Inflammatory and Can Lead to Persistent Symptoms

• Sx persist for many 
weeks (up to 6 months 
in some individuals)

• Fatigue can be 
profound

• Risk of HLH/MAS

• EBV has latent and 
lytic stages & express 
immune evasion 
proteins

• Autoreactivity



• Prospective study of 10 million military recruits, 955 diagnosed with MS 
during study

• Risk of MS increased 32-fold after EBV infection but not after infection with 
CMV 

• NF-L levels went up following EBV infection (neuronal injury)

EBV and Post-Viral Sequelae – The MS Connection?

Bjornevik et al., 2022



• In MS, B cells gain access to CNS 

through the blood-brain barrier 

(BBB)

• Synthesis of immunoglobulins by 

clonal expansions of plasmablasts

within the brain causes oligoclonal 

immunoglobulin bands

• Cross Reactivity between EBNA1 

and glial cell adhesion molecule 

(GlialCAM) (Lanz et al. 2022)

Robinson & Steinman, 2022

EBV and Potential 
Mechanisms of MS

Migration of EBV specific CD8+ T cells to brain causing 

inflammation/damage?

Robinson & Steinman, Science 2022
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Human Herpesvirus Reactivation in COVID-19

67% of people with Long COVID (vs 10% of those 
with full recovery) had  evidence of EBV 
reactivation (early antigen diffuse IgG titers)

Found EBV viremia in early recovery 
predicted certain persistent symptoms 2-3 
months later

Does EBV Reactivation During 
Acute COVID-19 Lead to Long-
Term Sequelae?

(Gold et al. 2021; Su et al. 2022) 



EBV EA-D IgG and EBNA IgG Associated 
with Fatigue and Neurocognitive LC

https://www.medrxiv.org/lookup/doi/10.1101/2022.06.21.22276660

https://www.medrxiv.org/lookup/doi/10.1101/2022.06.21.22276660


• Values for CSF white blood cells, glucose, calculated CSF/serum albumin ratio, IgG 
index, CSF IgG level, and serum IgG level did not differ between participant groups 

• Abnormal oligoclonal banding (OCB) patterns were identified in 69% (9/13) of 
participants with cognitive PASC compared to 0% of cognitive controls (p = 0.03) 



Potential Mechanisms of PASC / Long COVID

Artwork: Shirley Shao, UCSF MS2
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Duration of Immune Perturbation and Inflammation in LC

• 18F-AraG PET-CT Imaging in Long COVID – specific marker of activated T 
cells following antigen exposure (Levi et al. 2022)

• 24 participants, each with prior COVID-19 infection

• 27 to 910 days (2.5 years) out from infection (median 195 days)

• Up to 15 LC symptoms reported (median 6 symptoms)

• 6 reported no LC symptoms
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Pre-COVID Control 63 Days After Infection 663 Days After Infection



Increased T Cell Activation In Many Tissues Years Post-COVID-19 
Compared to Pre-COVID Controls

Increased tracer uptake in nasopharyngeal tissues, bone marrow, hilar lymph 

nodes, lung parenchyma, colon/rectal wall, brain stem, pulmonary vasculature and 

spinal cord in post-COVID pts compared with pre-COVID controls



SARS-CoV-2 protein persists
in gut tissue up to 6 months post-
infection

Memory B cells display 

clonal turnover after 

6 months, and express a 

continually evolving 

antibody response

Viral protein detectable in 

intestinal biopsies 

obtained from 

asymptomatic individuals 

at month 4 in 7 out of 14 

people



Stein et al. Nature. 2023 

SARS-CoV-2 detected throughout the body (including brain) 
months after infection



Persistent SARS-CoV-2 in Colorectal Tissue - LIINC

158 Days Post COVID-19

Spike RNA in Lamina 
Propria – some in 
macrophages

676 Days Post COVID-19

Spike RNA in Lamina 
Propria – some in 
macrophages



Post-Campylobacter IBS



Concluding Thoughts

• Clear overlap between post-infectious syndromes and chronic viral infections 
(or at least persistence of microbial genetic material and proteins)

• Just now appreciating the potential for “acute” infections to exhibit some 
degree of persistence leading to clinical morbidity

• Inflammation and dysregulated immunity persists for years following acute 
infection

• Reactivation of existing chronic viral infections in the setting of acute 
microbial illness may also play an etiologic role

• Tissue-based illnesses- need to do “deep dives” and not just study blood



Concluding Thoughts

• Etiology of Long COVID likely heterogenous but persistence of SARS-CoV-2 
may lay behind many mechanisms
- clotting/microangiopathy
- tissue damage / inflammation
- dysregulated or autoreactive immune responses

• The ”Post-COVID” era may have new immune/inflammatory set point that 
needs to be accounted for in prospective research/clinical diagnostics
- prior COVID-19 may influence outcomes in studies of other illnesses
- need for contemporary control groups when studying inflammation/immunity

There may be longer-term impact on human health 
(brain, cardiovascular, etc.)
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LIINC Leadership Team
• Michael Peluso
• Tim Henrich
• Steve Deeks
• Bryan Greenhouse
• Isabel Rodriguez-Barraquer
• Jeff Martin
• Rachel Rutishauser
• Dan Kelly
• Priscilla Hsue
• Matt Durstenfeld

UCSF Division of HIV/ID/GM
Diane Havlir, Monica Gandhi, Matt 
Spinelli, Annie Luetkemeyer, Vivek Jain, 
Sulggi Lee, Laurence Huang

SCOPE/LIINC Clinical Research Team
Becky Hoh, Viva Tai, Meghann Williams, 
Monika Deswal, Mireya Arreguin, Dylan 
Ryder, Lynn Ngo, Sadie Munter, Melissa 
Buitrago, James Lombardo

LIINC-Coronavirus Neurocognitive Study Team
Joanna Hellmuth, Felicia Chow, Meredith 
Greene, Alexis Oddi

LIINC-Cardiovascular Impact Study Team
Priscilla Hsue, Matt Durstenfeld, Shreya 
Swaminathan, Victor Arechiga, Danny Li

LIINC-Social Science Team
John Sauceda, Edda Santiago Rodriguez

FIND/LIINC Clinical Epidemiology Team
Khamal Anglin, Scott Lu, Sarah Goldberg, Sujata 
Mathur, Jessica Chen, Gustavo Castellanos

Henrich Lab
Amelia Deitchman, Micheal Peluso, Tyler-Marie 
Deveau, Amanda Buck, Brain LeFranchi, Dylan 
Ryder, Isaac Thomas, Kofi Asare, Marine Lyden

Monogram Biosciences
Chris Petropoulos, John Winslow, Ahmed 
Chenna, Brandon Yee

Greenhouse Lab
Andino Lab
Core Immunology Laboratory
AIDS Specimen Bank

Medical Students
Michelle Davidson, Hannah Sans, Jonathan 
Massachi, Kevin Donohue, Enrique Martinez, 
Allen Barnett, Alex Tang, Carrie Forman, Victoria 
Murray

Former LIINC Team Members
Marian Kerbleski, Heather Hartig, Fatima Ticas, 
Tamara Abualhsan, Andrea Alvarez, Yanel
Hernandez, Emily Fehrman, Leo Torres, Jill Hakim, 
Keirstinne Turcios, Owen Jansen

Grants
PolyBio Research Foundation
NIAID AI141003 (Henrich); Merck (Henrich)
NIAID AI158013 (Gandhi/Spinelli)
K23AI157875 (Peluso)
UCSF Resource Allocation Program & CFAR

LIINC is a massive team effort
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Greater Decline SARS-CoV-2-Specific CD8+ T Cell Responses in 
Participants who Develop PASC 4 Months after Acute Infection

Peluso et al. 2021



Persistent Inflammation 8 Months Following COVID-19

Peluso et al: https://www.medrxiv.org/lookup/doi/10.1101/2022.06.21.22276660

Olfaction
Response to Infection

Humoral Response

Heme Synthesis

https://www.medrxiv.org/lookup/doi/10.1101/2022.06.21.22276660
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