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Introduction

• Approximately 17% of adults aged 18 and over 
have EVER experienced post-COVID 
conditions (Long COVID). These adults had 
COVID and had some symptoms that lasted 
three months or longer.

• The Researching COVID to Enhance Recovery 
(RECOVER) Initiative – launched in 2021 – is an 
initial investment in research towards 
understanding Long COVID and other long-term, 
chronic illnesses that may appear post infection.

Source: U.S. Census Bureau, Household Pulse Survey, 2022-2024. Phase 4.1, April 2 – 29, 2024. 
https://www.cdc.gov/nchs/covid19/pulse/long-covid.htm 
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NIH’s RECOVER Initiative Objectives
Rapidly improve our understanding of and ability to predict, treat, and prevent PASC

KEY SCIENTIFIC AIMS

1 Understand clinical spectrum/biology underlying
recovery over time

2 Define risk factors, incidence/prevalence, and 
distinct PASC sub-phenotypes 

3 Study pathogenesis over time and possible relation
to other organ dysfunction/disorders

4 Identify interventions to treat and prevent PASC

GUIDING PRINCIPLES

Patient-centered, participants as partners

National Scale with inclusive, diverse 
participation & community engagement

Platform protocols, standardized 
methodologies, and common data elements

Adaptive approaches based on emerging 
science
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RECOVER’s National Scope
With observational research sites across the country, the RECOVER Cohort is enrolling adults, children and their 
caregivers, and pregnant participants and their newborn infants. 

Adult and Pediatric 
enrollment takes place 
at over 30+ Hubs

Enrollment sites are 
active at 155+ locations 
across the Nation

EHR, Adult, and Pediatric 
Studies include 
60,000,000+ patient 
records 

• Adult 
• Pregnancy 
• Pediatric
• Autopsy 
• EHR

Enrollment Sites National Scope
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Principles for Patient & Community 
Representative Engagement
RECOVER’s Eight Principles of Engagement

Inclusivity & 
Diversity

Safety

Transparency 

Accessibi l ity

Accountabil ity

Bi-Directional  
Communication

Collaboration & 
Coordination

Equity

RECOVER’s Representative     
Engagement Definition

The process of working collaboratively 
with groups of people who are affiliated 
by geographic proximity, special interests, 
or similar situations with respect to the 
issues affecting their well-being.
(Informed by the definition of community 
engagement developed that federal 
agencies developed in the Principles of 
Community Engagement).
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RECOVER’s Representative 
Engagement Approach & Frameworks
Representative Engagement Approach

• Patient and community members are involved in 
every phase of RECOVER research and coalesce in 
NCEG at the center of RECOVER (e.g., planning, 
conducting, disseminating).

• Major RECOVER Initiative decisions are made in 
partnership with patient and community 
Representatives, and with broader input from 
patients and communities.

• Patient and community members who are not 
Representatives are able to share ideas, concerns, 
hopes, and needs.

Frameworks Leveraged

• PCORI Engagement Rubric: 
Emphasizes patients as partners in planning, 
conducting, and disseminating research.

• Meaningful Involvement of Patient Advocates 
(Spieldenner, et al, 2022): 
Emphasizes the voice of community members in 
decision-making and leadership.

• Trauma-Informed Community Engagement: 
Engages people with histories of trauma, recognizes 
the presence of trauma symptoms, and 
acknowledges the role that this plays in their lives.
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5348236/
https://jces.ua.edu/articles/10.54656/jces.v14i2.26
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Clinical characterization 
findings from the RECOVER 
observational cohorts
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RECOVER: Helping Long COVID Patients by 
Informing Diagnosis, Care, and Treatment 

RECOVER Key Scientific Aims
Clinical 

Spectrum
Risk 

Factors
Incidence/
Prevalence Sub-phenotypes Pathogenesis Interventions

RECOVER Findings (Examples from 50+ publications)
• Symptom-based definition of Long COVID in adults and children 

(proposed)
  Major step toward working case definition for diagnosis and patient    

monitoring
•  Symptoms and conditions specifically associated with Long COVID in 

children (e.g. circulatory and respiratory)
•  Vaccination significantly decreases risk of Long COVID
•  Higher risk of new cardiovascular, neurologic, endocrine, GI symptoms in  

Black and Hispanic patients
•  Distinguishing immune features of Long COVID identified

Patient Relevance
• Improved Diagnosis, Monitoring, 

and Care 
• Better Preventative Care
• Better Diagnosis, Monitoring, Care, 

and Targeted Treatments
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Findings from Long COVID 
Pathobiology Studies
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The Post-Acute Sequelae of COVID-19: Symptom 
clusters overlap with ME/CFS

Fatigue in almost 90% of those with PASC.  Prevalence of post-exertional malaise maybe as high as well.

Neurologic
• Memory/Word finding difficulties*

• Concentration difficulties/“brain fog”*

• Executive function difficulties*
• Sleep disorders*

• Pain syndromes- muscle, joint*

• Abnormal sensations- tingling*
• Headache*

• Postural Orthostatic Tachycardia*

• Abnormal smell/taste
• Visual abnormalities

• Dizziness/balance problems

CardioPulmonary
• Shortness of breath
• Dry cough
• Chest pain
• Exercise intolerance*
• Postural Orthostatic Tachycardia*
• Palpitations/Fast heart rate*
• Myocarditis
• Pulmonary fibrosis

Mental Health
• Post traumatic stress disorder
• Anxiety
• Depression

Gastrointestinal*
• Diarrhea
• Decreased appetite
• Nausea
• Abdominal pain

Other
• Abnormal temperature regulation*
• Chills, flushing sweats
• Sore throat
• Extreme thirst
• Skin changes
• Menstrual changes

* Common symptom of ME/CFS

See Davis HE et. al. (2021) Characterizing Long Covid in an International Cohort: 7 months of symptoms and their impact. medRxiv preprint 
https://www.medrxiv.org/content/10.1101/2020.12.24.20248802v2 11

https://www.medrxiv.org/content/10.1101/2020.12.24.20248802v2


Pathogenesis of Long-COVID

Viral 
reactivation

EBV

Persistent 
viral infection

SARS-CoV-2 antigen

Immune 
dysregulation

Macrophages

Antibodies
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Is there autoimmunity in PASC?

• PASC symptoms might result from cross-
reacting antibodies between viral antigens and 
host proteins.

• Computational investigations reveals molecular 
mimicry between the SARS-CoV-2 spike protein 
and known epitopes.

• The figure on the right shows a spike motif that 
is shared in multiple human proteins linked to 
known COVID-19 complications such as blood-
clotting disorders and cardiac disease.

Nunez-Castilla. Viruses, June 2022. 13

https://pubmed.ncbi.nlm.nih.gov/35891400/


Potential role for autoimmunity in PASC

Auto antibodies to multiple self antigens are observed during acute COVID-19 infection. 10.1038/d41586-021-00149-1

A number of small studies suggesting autoimmunity in some persons with PASC.

• Dysregulated autoantibodies targeting vaso and immunoregulatory receptors in Post COVID Syndrome correlate with 
symptom severity. DOI: 10.3389/fimmu.2022.981532

• Autoimmune Effect of Antibodies against the SARS-CoV-2 Nucleoprotein. DOI: 10.3390/v14061141

• Reaction of Human Monoclonal Antibodies to SARS-CoV-2 Proteins With Tissue Antigens: Implications for Autoimmune 
Diseases DOI: 10.3389/fimmu.2020.617089

• Autoimmunity is a hallmark of post-COVID syndrome. DOI:  10.1186/s12967-022-03328-4

• Persistent Autoimmune Activation and Proinflammatory State in Post-Coronavirus Disease 2019 Syndrome.
DOI: 10.1093/infdis/jiac017

• Persistent IgG anticardiolipin autoantibodies are associated with post-COVID syndrome. DOI: 10.1016/j.ijid.2021.09.079
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Is there persistence of viral material?

• Intestinal biopsies obtained from 
asymptomatic individuals at 4 months 
after the onset of coronavirus disease 
2019 (COVID-19) revealed the 
persistence of SARS-CoV-2 nucleic 
acids and immunoreactivity in the 
small bowel of 7 out of 14 individuals.

• We conclude that the memory B cell 
response to SARS-CoV-2 evolves 
between 1.3 and 6.2 months after 
infection in a manner that is consistent 
with antigen persistence.
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https://doi.org/10.1038/s41586-021-03207-w


SARS-CoV-2 infection and persistence in the human body 
and brain at autopsy

Autopsies on 44 COVID-19 patients from acute 
infection through over 7 months following 
symptom onset.
• SARS-CoV-2 is widely distributed even in patients 

who died with asymptomatic or mild infection
• Virus replication is present in multiple pulmonary 

and extrapulmonary tissues early in infection
• RNA in multiple anatomic sites, including brain, for 

up to 230 days after symptom onset.
• Paucity of inflammation or viral cytopathology 

outside the lung 758 | Nature | Vol 612 | 22/29 December 2022 16

https://www.nature.com/articles/s41586-022-05542-y/figures/1
https://www.nature.com/articles/s41586-022-05542-y


The persistence of SARS-CoV-2 in tissues and 
its association with long COVID symptoms: a 
cross-sectional cohort study in China

www.thelancet.com/infection Published online April 22, 2024 
https://doi.org/10.1016/S1473-3099(24)00171-3
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Is PASC a result of immune dysfunction? 

• Log linear classification models reveal the 
inflammatory mediator IFN-β as the most 
important feature to distinguish patients with 
PASC from matched controls.

• Combinations of IFN-β, PTX3, IFN-γ, IFN-λ2/3 and 
IL-6 associated PASC with 78.5–81.6% accuracy.

Phetsouphanh et al. Nature Immunology, January 2022
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Long COVID manifests with T cell dysregulation, 
inflammation and an uncoordinated adaptive immune 
response to SARS-CoV-2

• Global differences in T cell subset distribution 
implying ongoing immune response

• Sex-specific perturbations in cytolytic subsets.

• Increased frequencies of CD4+ T cells poised to 
migrate to inflamed tissues and exhausted 
SARS-CoV-2-specific CD8+ T cells

• Higher levels of SARS-CoV-2 antibodies and a

•  Mis-coordination between their SARS-CoV-2-
specific T and B cell responses.

•  Analysis suggested an improper crosstalk 
between the cellular and humoral adaptive 
immunity in LC
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Is PASC a result of immune dysfunction? 

• People experiencing
long COVID with
cognitive symptoms had
elevated CCL11 cytokine
levels in their plasma

• CCL11 activates
hippocampal microglia
and impairs
neurogenesis

• Also, mild respiratory
COVID causes persistent
loss of myelinating
oligodendrocytes

Fernández-Castañeda et al. Cell, July 2022
20

https://www.sciencedirect.com/science/article/pii/S0092867422007139


PET imaging suggestive of brain inflammation
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https://www.medrxiv.org/content/10.1101/2022.06.02.22275916v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10614970/


Blood brain barrier dysfunction
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Clinical Trials Progress to Date
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Development of RECOVER Clinical Trials Portfolio
Clinical 

Spectrum
Risk 

Factors
Incidence/
Prevalence Sub-phenotypes Pathogenesis Interventions

Critical inputs from patients, clinicians, and other 
perspectives shaped clinical trial priorities and design

Sources & Inputs

Landscape 
Analysis

Concept 
Proposals 

(ROA)
Clinician Input Patient Input

Input on master 
protocol development

Focus groups and 
interviews to learn 
patient perspectives

Survey data from 
RECOVER and non-
RECOVER patients

Insights from National 
Community 
Engagement Group

EHR Data
Inventory of 

Interventions 
& Outcomes

Industry 
Collaboration

Federal 
Agency 

Partners

Design Stages
Identify 

symptom 
clusters

Prioritize 
interventions

Define 
outcome 
measures
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RECOVER Clinical Trials Portfolio part 1
Platform Symptom Cluster Enrolling

VITAL Viral Persistence & Immune Dysregulation yes

NEURO Neurologic/Cognitive Dysfunction
(“Brain Fog”) yes

AUTONOMIC Autonomic Dysfunction
(Racing heart, dizziness, fatigue)

yes

SLEEP Sleep Disorders
(Excessive sleepiness, disrupted sleep) no

ENERGIZE Exercise Intolerance/Fatigue no

5 adaptive platforms with 8 clinical trials collectively testing 13 active interventions
Shared clinical endpoints, approach to patient screening, and regulatory framework: 
       improved diagnosis/monitoring/care and paves the way for future treatments 
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RECOVER Clinical Trials Portfolio part 2  
Platform Symptom Cluster Trials Interventions 

VITAL Viral Persistence & Immune Dysregulation Viral Persistence • Paxlovid 15 days
• Paxlovid 25 days

NEURO Neurologic/Cognitive Dysfunction Cognitive Dysfunction

• Trans-cranial DC stim
• Brain HQ
• PASC Core

AUTONOMIC Autonomic Dysfunction
Severe POTS

Moderate POTS

• IVIG,         
Coordinated Care

• Ivabradine, 
Coordinated Care

SLEEP Sleep Disorders
Hypersomnia 

Complex Sleep 
Disturbances

• Solriamfetol
• Modafinil
• Melatonin 
• Light Therapy 

ENERGIZE Exercise Intolerance/Fatigue Exercise Intolerance

Post-exertional Malaise

• Cardiopulm Rehab 

• Structured Pacing

5 adaptive master protocol platforms with 8 clinical trials collectively testing 
13 active interventions 26



>500 Diverse and Multi-
disciplinary Investigators 
and Patients in RECOVER 

Consortium

RECOVER by the Numbers

Observational

60 Million 
Electronic Health Records

30,000 
Enrolled in Clinical Cohorts

60,000 
Participants in 

Community-based Cohorts 

Pathobiology

>40 
Studies of Pathogenesis

197 
Autopsies Performed

Clinical Trials

>200
Candidate Interventions 
Evaluated for Inclusion

8 trials 
13 Interventions

5 
Adaptive Platform 

Master Protocols Across 
Multi-therapeutic Domains

Patient and Community 
Engagement

>1,000
Patients included in Protocol 

Design, Trial Application Review, 
and/or Symptom Survey 

Development

31
 Public Seminars on Long 

COVID/RECOVER

>500 
Diverse and Multi-disciplinary 
Investigators and Patients in 

RECOVER ConsortiumFindings
• 54 Scientific Reports Published/Accepted
• 16 Scientific Reports Under Journal Review
• 77 Scientific Reports In Preparation 
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Long COVID Research Path 
Forward in 2024 and beyond 
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Collaborative Discovery: 
Deidentified data now available to researchers

• Secure data from >14,000 adults now 
available to authorized researchers 
through the cloud-based ecosystem 
BioData Catalyst® (BDC)

• Goal to spur scientific innovation, 
collaboration, and discovery 

• Provides platform for sharing data and 
validating results

• Facilitates Long COVID connections to 
benefit from or inform future studies.

This is just the beginning: Additional adult, pediatric, and autopsy cohort data from RECOVER 
will be released on an ongoing basis.
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