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Disclosures

Research funding from Pfizer, Inc. for the STOP-PASC clinical trial



https://www.nbcnews.com/health/health-news/5-years-later-long-covid-still-
medical-mystery-scientists-learned-rcna195608

1. Al-Aly et al. Nat. Med. (2024)
2. CDC National Center for Health Statistics (Aug 2024)

• Est. 400 million people 

impacted by Long COVID 

worldwide1

• Annual economic impact of 

approx. $1 trillion1

• 5% of all Adult 

Americans still 

experiencing Long 

COVID2

Impact of Long COVID



Ely et al. NEJM (2024); NASEM Report (2024) A long COVID definition: a chronic, systemic disease state with profound consequences .

2024 NASEM Definition: 

Long COVID is an infection-

associated chronic 

condition that occurs after 

SARS-CoV-2 infection and is 

present for at least 3 

months as a continuous, 

relapsing and remitting, or 

progressive disease state 

that affects one or more 

organ systems.

What is Long COVID?
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Ely et al. NEJM (2024)



Greenhalgh et al. The Lancet (2024)

Who gets Long COVID?

ANYONE can get 
Long COVID, but 
certain factors 
may decrease or 
increase risk of 
developing it. 



https://www.cdc.gov/nchs/covid19/pulse/long-covid.htm 

Female adults who ever had COVID have higher rates of Long COVID than males

https://www.cdc.gov/nchs/covid19/pulse/long-covid.htm
https://www.cdc.gov/nchs/covid19/pulse/long-covid.htm
https://www.cdc.gov/nchs/covid19/pulse/long-covid.htm


Greenhalgh et al. The Lancet (2024)

Who gets Long COVID?

ANYONE can get 
Long COVID, but 
certain factors 
may decrease or 
increase risk of 
developing it. 



How does Long COVID 

manifest?



Lopez-Leon et al. Sci Rep (2021)

Myriad of Long 
COVID symptoms

How do we make 
sense of it all?



Most distinguishing 
LC symptoms

Geng et al. JAMA (2024) 2024 Update of the RECOVER-Adult Long COVID Research Index

• 13,647 adults prospectively 
followed in RECOVER cohort 
study (with and without 
SARS-CoV2 infection)

• Most distinguishing 
symptoms were loss of 
smell/taste & post-
exertional malaise



Complex 
Phenotypes of 
Long COVID

Geng et al. JAMA (2024) 2024 Update of the RECOVER-
Adult Long COVID Research Index

• Fatigue and Post-
Exertional Malaise are 
extremely common across 
all 5 clusters

• Quality of life and function 
worsens as symptom 
burden increases



Direct sequelae of 

acute COVID-19 

infection (pulmonary 

fibrosis, stroke, etc.)

Multisystem 

inflammatory 

syndrome (MIS)
Post-Intensive Care 

Syndrome (PICS)

Hospital 

acquired 

conditions

Known autoimmune 

conditions (Guillain-

Barré syndrome, etc.)

Treatment-

related effects

“Long 

COVID”

 Hospitalization 

complications

Organ 

damage

ME/CFS

Other

POTS
Olfactory 

dysfunction

FGIDs

etc.

Long COVID: A Syndrome of Syndromes

Fibro-

myalgia



“Long 

COVID”

ME/CFS

Long COVID: overlap with ME/CFS

2015 IOM Criteria for Myalgic 
Encephalomyelitis/ Chronic 
Fatigue Syndrome (ME/CFS):
>6 months debilitating fatigue
Post-exertional malaise
Unrefreshing sleep
Brain fog or orthostatic intolerance

~50% of those 

with Long 

COVID also 

meet criteria 

for ME/CFS

Not all ME/CFS is 

caused by COVID, 

but pre-existing 

ME/CFS can be 

worsened by 
COVID-19

1. Bonilla et al. Front Neurol (2023)
2. Komaroff & Dantzer. Cell Rep Med (2025)

https://www.cdc.gov/me-cfs/hcp/diagnosis/iom-
2015-diagnostic-criteria-1.html 

Not all Long 

COVID is 

ME/CFS
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“Long 

COVID”

Fibromyalgia

Long COVID: overlap with fibromyalgia

Fibromyalgia main features:
• Chronic widespread pain & 

tenderness
• Fatigue 
• Sleep issuesNot all 

fibromyalgia is 

caused by COVID, 

but pre-existing 

fibromyalgia can 
be worsened by 

COVID-19

1. Clauw & Calabrese. Ann Rheum Dis (2024)
2. Goldenberg. Semin Arthritis Rheum (2024)

https://www.niams.nih.gov/health-
topics/fibromyalgia 

Not all Long 

COVID is 

fibromyalgia

COVID can 

trigger 

fibromyalgia-

like condition

https://www.niams.nih.gov/health-topics/fibromyalgia
https://www.niams.nih.gov/health-topics/fibromyalgia
https://www.niams.nih.gov/health-topics/fibromyalgia


Beyond Long COVID: Umbrella and Overlap Syndromes

SARS-CoV-2

SARS-CoV-1

Influenza

EBV

VZV

Coxsackie B

Dengue

Chikungunya

Measles

West Nile Virus

Ross River Virus

Ebola

Poliovirus

Coxiella brunettii

Borellia

Giardia lamblia

Infection Associated 
Chronic Conditions (IACCs)

IACCs

ME/CFS

Dysautonomia

MCAS

GI dysmotility 

disorders

hEDS & other 

connective 

tissue disorders

Chronic pain 

syndromes

Post concussive 

syndromes

PANS/PANDAS

Undiagnosed 

and other multi-

system illnesses

Complex Syndromes



What causes Long COVID?



Leading Models of Disease Pathogenesis

Al-Aly, Topol. Science. 2024 



• Preventing acute COVID is the only guarantee (infection prevention 
measures).

• People with acute COVID-19 infection should ensure they rest.
• Vaccination (meta-analysis) 

• 620 221 participants, two doses of vaccine reduces LC by 36.9% and three 
doses by 68.7%

• Decreased risks of cardiovascular especially after third dose

• Antivirals and other agents may reduce the risk of LC.
• Nirmatrelvir
• Molnupiravir
• Ensitrelvir
• Metformin

Marra et al. Antimicrob Steward Healthc Epidemiol. 2023
Xu Y et al. Eur Heart J. 2025 
Jiang et al. J Infect. 2024 
Xie  et al, JAMA Intern Med. 2023
Yotsuyanagi et al. Antiviral Res. 2024 

Preventing Long COVID



Recognizing Long COVID

Brain FogFatigue & PEM* Sleep issues

Big 5 Common Manifestations

*PEM: post-exertional malaise

Pain Dysautonomia



• Full clinical history and patient's pre-morbid conditions

• Relevant laboratory studies to evaluate for co-existing conditions 
(thyroid, blood count, metabolic panel, vitamins, etc.)

Routine laboratory studies have NOT been shown to be specific for Long COVID 

• Long COVID clinical diagnosis (ICD U09.9 code) guided by broad 
NASEM definition (3+ months of symptoms)

Diagnosing Long COVID is based on Clinical Evaluation

Erlandson et al. Ann Intern Med. (2024)
Ely et al. NEJM (2024)
 



https://goto.stanford.edu/REACH 

https://goto.stanford.edu/REACH


Prior CME Webinar recordings from Aug, 2024 (Session 1):
https://stanford.cloud-cme.com/course/courseoverview?P=5&EID=52228 

Recent CME Webinar recordings from May, 2025 (Session 2):
https://stanford.cloud-cme.com/course/courseoverview?P=5&EID=52660

Equity
ME/CFS
Autonomic
Cardiac
Pulmonary
Vaccines

Sleep
Smell/Taste
Headaches
Gastrointestinal
Coagulation/Hematologic
Behavioral health

Speech Therapy
Physical Therapy
Integrative Medicine

https://stanford.cloud-cme.com/course/courseoverview?P=5&EID=52228
https://stanford.cloud-cme.com/course/courseoverview?P=5&EID=52228
https://stanford.cloud-cme.com/course/courseoverview?P=5&EID=52228
https://stanford.cloud-cme.com/course/courseoverview?P=5&EID=52660
https://stanford.cloud-cme.com/course/courseoverview?P=5&EID=52660
https://stanford.cloud-cme.com/course/courseoverview?P=5&EID=52660


Consensus Guidance Statements

https://www.aapmr.org/advocacy/current-priorities/long-covid-pasc 

https://www.aapmr.org/advocacy/current-priorities/long-covid-pasc
https://www.aapmr.org/advocacy/current-priorities/long-covid-pasc
https://www.aapmr.org/advocacy/current-priorities/long-covid-pasc
https://www.aapmr.org/advocacy/current-priorities/long-covid-pasc
https://www.aapmr.org/advocacy/current-priorities/long-covid-pasc
https://www.aapmr.org/advocacy/current-priorities/long-covid-pasc
https://www.aapmr.org/advocacy/current-priorities/long-covid-pasc


• Individually-tailored and patient-centered
• targeting symptoms/syndromes and pathobiology models

• Multi/inter-disciplinary care often needed
• Rehabilitation strategies (especially within first 6 months)

•  Pacing strategies (avoiding post-exertional crashes)
•  Tailored physical therapy (including breathing exercises)
•  Cognitive and speech rehabilitation

• Potential off-label medications (currently no FDA-approved drugs)
• Enrollment in clinical trials if appropriate
• Wraparound services: 

• psychosocial support
• disability navigation, etc.

Long COVID Treatment/Management 



Targeted treatments for Long 

COVID?

• Urgent need for rigorous clinical 

tr ials

• Unlikely to be one-size-fits-all



Leading Models of Disease Pathogenesis

Al-Aly, Topol. Science. 2024 



Al-Aly, Topol. (2024) Science. doi: 10.1126/science.adl0867

Therapeutic Candidates Targeting Mechanistic Pathways

Nirmatrelvir



Clinical Trials: Paxlovid 15 days (no benefit)



Al-Aly, Topol. (2024) Science. doi: 10.1126/science.adl0867

Therapeutic Candidates Targeting Mechanistic Pathways

LDN



https://trials.recovercovid.org/ 

Clinical trials

Ivabradine
IVIG

Modafinil/Solriamfetol
Melatonin/Light therapy

BrainHQ
tDCS (device)
Rehabilitation

Paxlovid up 
to 25 days

Cardiopulmonary 
rehabilitation

https://trials.recovercovid.org/


Vast array of 
registered trials 
for Long COVID
(Sept, 2022)

Fawzy et al. Clin Microbiol Infect. (2023)



What is the prognosis?

What are the long-term 

outcomes?



Prognosis and Trajectory

Overall limited longitudinal data beyond 2 years, but general patterns are observed:

• Rapid improvement – symptoms generally resolve within 3 months 
Not considered Long COVID

• Gradual improvement – symptoms gradually improve over 3-12 months 
Sometimes plateau but generally improved enough to function

• Relapse-remitting – periods of improvement may alternate with periods of symptom 
recurrence/worsening

Sometimes plateau but generally improved enough to function

• Persistent/progressive – ongoing/worsening symptoms and/or organ dysfunction ≥1 year
Typically the most debilitated group

 

NASEM Report (2024) A long COVID definition: a chronic, systemic disease state with profound consequences .
NASEM Report (2024) Long-Term Health Effects of COVID-19: Disability and Function Following SARS-CoV-2 Infection.



Long Term Outcomes Post-COVID

Cai et al. Nat Med. (2024) Three-year outcomes of post-acute sequelae of COVID-19

U.S. Veterans Affairs national EHR study of 
135,161 people with SARS-CoV-2 infection 
and 5,206,835 controls without infection 
followed for 3 years:

• Among hospitalized patients, risk of 
death declined over time but was still 
elevated 3 years after infection (29% 
increased risk of death)

• Among non-hospitalized individuals, the 
increased risk of death was no longer 
present after the first year of infection

 



Long Term Outcomes Post-COVID

Cai et al. Nat Med. (2024) Three-year outcomes of post-acute sequelae of COVID-19

• Both non-hospitalized and 
hospitalized groups still 
experienced increased 
multi-system health 
problems 3 years post-
infection compared to 
uninfected controls.

• 3-year cumulative burden of 
disability-adjusted life years 
DALYs due to PASC was high 
among the non-hospitalized 
group (91.2 DALYs), and even 
higher among the hospitalized 
group (766.2 DALYs)



Future Directions

➢ Clinical trials are a priority – we need to 

find effective therapies

➢ Pathobiology studies – we need 

biomarker(s)  and better mechanistic 

understanding o f LC subtypes & overlaps 

with other related conditions

➢ Many questions remain – impact of 

rein fections, new variants, updated 

vaccines, etc.? long-term prognosis beyond 

5 years?

➢ Improving clinical care – 

• Diagnostic guidel ines

• Evidence-based and patient-centered

• Access and care models
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STOP-PASC study is funded by and conducted in research collaboration with Pfizer, Inc.

REACH Study:RECOVER Initiative: 

https://goto.stanford.edu/REACH 

https://goto.stanford.edu/
https://goto.stanford.edu/long-covid-care-reach.html
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