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Long COVID Definitions

✓“Post-COVID Conditions” (≥4 weeks since first symptoms)

✓“Post-Acute Sequelae of SARS-CoV-2 infection (PASC)” (>4 weeks)

✓“Ongoing symptomatic COVID-19” (from 4 to 12 weeks)

✓“Post-COVID-19 syndrome” (>12 weeks)

✓3 months from onset of COVID-19 symptoms and that last > 2 months and 
cannot be explained by an alternative diagnosis 

Clinical Case Definition by Delphi consensus, 6 October 2021



Long-Covid

From Nalbandian et al. Nat Med. (2021)



Lopez-Leon et al. Sci. Rep. 2021

Clinical 
symptoms



COVID-19 (+) 4,182 (self-report)
Symptomatic:
558 (13.3%) >28 days
189 (4.5%) 8 weeks
95 (2.3%) >12 weeks

Symptoms: Risk groups:
Fatigue ↑age
Headache              ↑ BMI
Dyspnea Female
Anosmia > 5 Sx at 7 days

Sudre CH. Nat Med 2021



reviewed literature on asymptomatic or mild cases of COVID-19 December 2019 to 
September 2021

• Post-COVID syndrome developed among 30–60% of patients with asymptomatic 
or mild forms of COVID-19 on average.

• Occurs more commonly among women (on average 60%)

Pathogens (Nov 2021) 



Post-vaccination Long Covid

• UK-based, adult (≥18 years) users of the COVID Symptom Study 
mobile phone app. Dec 8, 2020 - July 4, 2021

• 1,240,009 reported 1st dose, (0.5%) COVID (+)

• 971,504 reported 2nd dose, (0.2%) COVID (+)

✓Fewer symptoms

✓More likely asymptomatic

✓Odds of symptoms > 28 days were halved with two vaccine doses

Antonelli et al. Lancet Infect Dis (Jan 2022)



Aug, 2021

“…we can conservatively expect more than 15 million
cases of long Covid resulting from this pandemic. And though data are

still emerging, the average age of patients with long Covid is about 40, which
means that the majority are in their prime working years. Given these

demographics, long Covid is likely to cast a long shadow on
our health care system and economic recovery.”

~ 1.3 million people in the UK (2.0% of the population) with self-

reported long COVID as of 6 December 2021.



Updated estimates: American Academy 
of Physical Medicine and Rehabilitation

American Academy of Physical Medicine and Rehabilitation (AAPM&R): https://pascdashboard.aapmr.org

Other 
estimates of 
>39 million 
with PASC in 
the US



Patient Perspective

• Charlie McCone
• https://www.sfchronicle.com/bayarea/heatherkni

ght/article/S-F-Millennial-was-fit-and-healthy-
before-15857253.php

• We need answers to these four long Covid 
questions - The Guardian

• A cause of America's labor shortage: Millions with 
long 
COVID https://www.cbsnews.com/news/long-
covid-labor-market-missing-workers/ 

https://www.sfchronicle.com/bayarea/heatherknight/article/S-F-Millennial-was-fit-and-healthy-before-15857253.php
https://www.theguardian.com/world/commentisfree/2022/mar/30/long-covid-coronavirus-covid-pandemic-health
%20https:/www.cbsnews.com/news/long-covid-labor-market-missing-workers


Patient Perspective

• Charlie McCone
• https://www.sfchronicle.com/bayarea/heatherknight/article/S-F-Millennial-was-fit-and-healthy-before-

15857253.php

• We need answers to these four long Covid questions - The Guardian

• A cause of America's labor shortage: Millions with long COVID https://www.cbsnews.com/news/long-
covid-labor-market-missing-workers/ 

• What priorities should healthcare community consider
• Diagnostics, Healthcare access, Therapeutics

• ** Healthcare providers to acknowledge our current limitations re PASC

• ** As pandemic enters a different phase – with associated societal pandemic fatigue - acknowledge 
that many still suffering with no resolution or solutions in sight

• ** Educate patients about syndrome so they can self advocate

https://www.sfchronicle.com/bayarea/heatherknight/article/S-F-Millennial-was-fit-and-healthy-before-15857253.php
https://www.theguardian.com/world/commentisfree/2022/mar/30/long-covid-coronavirus-covid-pandemic-health
%20https:/www.cbsnews.com/news/long-covid-labor-market-missing-workers


Broader issues: unexplained post-
acute infection syndromes

Nature Medicine | VOL 912 28 | May 2022 | 911–923 | www.nature.com/naturemedicine

Syndromic overlaps
• ME/CFS
• Fibromyalgia



Nature Medicine | VOL 912 28 | May 2022 | 911–923 | www.nature.com/naturemedicine

Pathogen reservoir or remnants Autoimmunity

Pathophysiology



Pathophysiology

Nature Medicine | VOL 912 28 | May 2022 | 911–923 | www.nature.com/naturemedicine

Dysbiosis/reactivation Tissue damage



Congress approves 1.15 Billion 
dollars to study long-covid



RECOVER: Researching COVID to 
Enhance Recovery 

https://recovercovid.org



Focus on Post Acute Sequelae of SARS-
CoV2 (Long Haul COVID)



RECOVER Study

• include adult, pregnant and pediatric populations

• enroll patients during the acute as well as post-acute phases of SARS-CoV-2 infection

• evaluate tissue pathology and autopsy studies

• analyze data from millions of electronic health records

• use mobile health technologies, such as smartphone apps and wearable devices, which 

will gather real-world data in real time

• Hope to gain information about overlap with other post-viral illnesses (such as ME/CFS)

• Clinical trials to begin in late 2022



RECOVER Study

~17,680 participants

>2,000 participants



Stuart Katz, NYU



Stuart Katz, NYU



Stuart Katz, NYU



Stuart Katz, NYU



Study overview 

60% acutely infected
40% previously infected

25% hospitalized for index covid infection
75% not-hospitalized

Extensive questionnaire at enrollment

Inclusive protocol 
Broad patient engagement and stakeholders



Schedule of events

Tier 1 Testing
(general labs)

Tier 2 Testing

Tier 3 Testing 
(most invasive)



Leora Horwitz, NYU



Progress to date: Stanford 



Progress to date: Stanford



Progress to date: Stanford

• Accomplishments
• On target to meet enrollment goals by end 2022

• Able to enroll >50% acutely infected individuals (baseline labs/biosamples)
• Engaged MAB treatment sites
• Co-enrolled with clinical trials
• Aggressive outreach to HCW and university colleagues

• >50% enrolled are underrepresented in biomedical research
• Representative of the San Francisco Bay Area
• Greater efforts to enroll non-English speaking participants

• Engaged in the science and clinical care of Long-Covid
• Scientific projects launched by stakeholders and provided new clinical research opportunities
• Long-Covid clinic established May 2021



Progress to date: Stanford

• Challenges
• Evolving pandemic; waves of infection; how identify negative controls
• Healthcare systems stretched
• Healthcare provider fatigue (and Covid impact on healthcare providers)
• Complex study with evolving protocol

• Advantages
• General high interest in study – ability to participate (infected, never infected)
• Linked with clinical efforts and long-covid clinic
• Engages broad stakeholders within health system to consider disease and research 

opportunities
• Impact understanding of other post-viral syndromes with syndromic overlap
• Clinical Trials (end 2022)



RECOVER Study – Stanford team

PJ Utz
Catherine Blish
Bonnie Maldonado
Andra Blomkalns
Hannah Valantine

Emergency Department
Infectious Diseases
Immunology
Hospital Medicine
Primary Care 
SCCR team

SCCR Team



Stanford Post-Acute COVID-19 Syndrome (PACS) Care Model

CFS/ME

Pulmonology

Cardiology

Neurology, Autonomic

Neurology, Headache

Psychiatry

Rheumatology

ENT

Neuropsychology

Sleep Medicine

Gastroenterology

PT/OT / Speech Therapy

etc.

Internal & external 

referrals

criteria

Internal
Medicine

Infectious 
Diseases

Standardized 

assessments, labs, 

global evaluation

(SUB)SPECIALTY CAREPORTAL / HUB

[RESEARCH 

INTEGRATION]

PCP

RESEARCH

[CLINICAL VISITS]

Prior +COVID test and

>4 weeks symptoms

Partnership 

with



Dept of Medicine
Dr. Hector Bonilla* (Infectious Disease)

Dr. Lauren Eggert (Pulmonary, Allergy & Critical Care)

Dr. Linda Geng* (Internal Medicine)

Dr. Houssam Halawi (Gastroenterology)

Dr. Audra Horomanski (Rheumatology/Immunology)

Dr. Robert Shafer* (Infectious Disease)

Dr. Husham Sharifi (Pulmonary, Allergy & Critical Care)

Dr. Aruna Subramanian (Infectious Disease)

Dr. Phillip Yang (Cardiology)

*hub/portal clinic

Dept of Neurology
Dr. Mitchell Miglis (Neuro: Autonomic & Sleep)

Dr. Leon Moskatel (Neuro: Headache)

Dr. Liza Smirnoff (Neuro: Headache)

Dept of Psychiatry
Dr. Jacob Ballon (Psychiatry)

Dr. Agnieszka Kalinowski (Psychiatry)

Dr. Norah Simpson (Psychology: Insomnia)

Dr. Oliver Sum-Ping (Sleep Medicine)

Dept. of Otolaryngology
Dr. Zara Patel (ENT: Skull Base, Rhinology)

Stanford PACS Clinical Team for Post-COVID Care



RECOVER Study – Stanford team

PJ Utz
Catherine Blish
Bonnie Maldonado
Andra Blomkalns
Hannah Valantine

Emergency Department
Infectious Diseases
Immunology
Hospital Medicine
Primary Care 
SCCR team

SCCR Team
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Multiple early factors anticipate post-acute 
COVID-19 sequelae

https://www.sciencedirect.com/science/article/pii/S0092867422000721

• Longitudinal multi-omics associate PASC with auto-antibodies, 
viremia, and comorbidities

• Reactivation of latent viruses during initial infection may contribute 
to PASC

• Subclinical auto-antibodies negatively correlate with anti-SARS-CoV-
2 antibodies

• Gastrointestinal PASC uniquely present with post-acute expansion 
of cytotoxic T cells

• Deep multi-omic, longitudinal investigation of 309 COVID-19 
patients from initial diagnosis to convalescence (2–3 months later)

• Integrated with clinical data and patient-reported symptoms
• Resolved four PASC-anticipating risk factors at the time of initial 

COVID-19 diagnosis: 
• type 2 diabetes
• SARS-CoV-2 RNAemia
• Epstein-Barr virus viremia
• specific auto-antibodies.

https://www.sciencedirect.com/topics/immunology-and-microbiology/viremia


Current Clinical Guidelines

• “Goal…is to optimize function and quality of life”

• “Transparency is important…advise patients that 

post-COVID conditions are not yet well understood, 

and assure them that support will continue to be 

provided as new information emerges.”

• “Symptoms not explained by, or out of proportion to, 

objective findings are not uncommon after COVID-19 

and should not be dismissed even if there is not yet 

a full understanding of their etiology or their 

expected duration.”

BMJ (Jan 2021)



AAPM&R  consensus statements

In press:

• Breathing discomfort

• Cognitive symptoms

In progress:

• Autonomic dysfunction

• Cardiovascular complications

• Mental Health

• Pediatrics

(Aug 2021)



RECOVER Pediatric Cohort Enrollment 
(Modular)

Tier 1 (2500 Participants)
COVID Positive (80%)
COVID Negative (20%)

Tier 2 (6000 participants)
COVID Positive (90%)
COVID Negative (10%)

Tier 3 (600 participants)
400 PASC Positive/200 PASC Negative

Tier 1 (6000 participants)
COVID Positive (80%)
COVID Negative (20%)
15% Acute COVID-19

Tier 1 (2500 Participants)
COVID Positive (80%)
COVID Negative (20%)

Tier 3 (1000 participants
MIS-C/Post-Vax MC

Pregnancy Cohort Module Main PASC Cohort Module

MIS-C Cohort Module

Tier 2 (1000 participants)
MIS-C/Post-Vax MC

Tier 1 (10K participants)
COVID Positive (15%)
COVID Negative (85%)

ABCD Cohort Module

MIS-C Cohort Module

Child enrollment numbers shown. Caregiver/child dyads will participate in Tier 1.



RECOVER Adult Cohort Enrollment (Modular)

Tier 1 (2450 Participants)
COVID Positive (76%)
COVID Negative (24%)

Tier 2 (n=3,819)
COVID Positive (90%)
COVID Negative (10%)

Tier 3 (2,546)
COVID Positive (90%)
COVID Negative (10%)

Tier 1 (n=12,730)
COVID Positive (83.5%)
COVID Negative (16.5%)

Tier 2 (735 Participants)
COVID Positive (90%)
COVID Negative (10%)

Pregnancy Cohort Module Main PASC Cohort Module

Tier 1 (n=2500)
COVID Positive (83.5%)
COVID Negative (16.5%)

C4R Cohort Module

Tier 2 (n=750)
COVID Positive (90%)
COVID Negative (10%)

Tier 1 (n=500)
COVID Positive (90%)
COVID Negative (10%)

Tier 2 (490 Participants)
COVID Positive (90%)
COVID Negative (10%)



RECOVER Autopsy Cohort Enrollment

700 SARS-CoV-2 Positive
Medical Record Review

Decedents from 
7 sites with wide 

geographic 
distribution

100 Acute SARS-CoV-2 (Death 15-30 days post-infection)
400 Post-Acute (Death >30 days post-infection) PASC+ 
200 Post-Acute (Death >30 days post-infection) PASC-

Samples from 50 sites in the body
Post-mortem imaging of the brain

Does PASC cause permanent organ damage?
Does SARS-CoV-2 persist in the body after COVID-19?


