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SARS-CoV-2



Post-Acute Sequelae of COVID-19 (PASC) and long COVID

Post-acute sequelae of SARS-CoV-2 infection 
(PASC), also known as long COVID, is defined as 

ongoing, relapsing, or new symptoms or conditions 
present 30 or more days after infection

Thaweethai T, Jolley SE, Karlson EW, et al. Development of a Definition of Postacute Sequelae of 
SARS-CoV-2 Infection. JAMA. 2023;329(22):1934–1946. doi:10.1001/jama.2023.882
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What are the main physiological mechanisms of COVID-
19 that are likely to lead to PASC?





Inflammation

Innate Immune Response
• Excessive monocyte/macrophage activation
• Excessive inflammasome activation

Systemic Immune Response
• Systemic cytokine imbalances
• Adaptive immunity failures

Immune Regulation and Restoration
• Persistent COVID-19 independent inflammation
• Development of autoimmunity

Persistent viral reservoirs; persistent viral antigens (?)
• Incomplete viral assembly

Initiation of inflammation from SARS-Cov-2

Acute SARS-CoV-2  infection can directly trigger 
inflammation:
• Severe enough to cause tissue injury 
• Can persist after the acute infection resolves



Thrombosis

Direct endothelial injury 
• Via ACE-2 receptors

Inflammatory activation of clotting cascades
• Via Tissue factor

Complement Activation

Antiphospholipid antibody development

Acute SARS-CoV-2  infection can directly trigger 
thrombosis:
• Lasting complications of ischemic injury are well-known



Fear, Stress, and Change

Image credit: https://www.stress.org/daily-life

• Endocrine Effects
• Hypothalamic-Pituitary-Adrenal Axis 

• Neurological Effects
• Autonomic Nervous System

• Immunological Effects
• TH1/TH2 homeostasis

• Stress-Related Illnesses
• Critical illness and Post-ICU stress disorders
• Cardiovascular Disease
• Asthma
• Dysautonomia
• Neuropsychological Illnesses

The SARS-CoV-2  pandemic has been a source of fear, 
stress, and change for all human beings:
• We have all been physiologically impacted
• Make us all more vulnerable to chronic illness



• Cardiac:
• Myocarditis, pericarditis, consequences of infarction, arrhythmias

• Pulmonary: 
• Pneumonitis, pleuritis, consequences of infarction, reactive bronchoconstriction

• Neurologic: 
• Direct neuronal inflammation, consequences of infarction and injury
• Dysautonomia, movement disorders, headache disorders, neurocognitive disorders
• Post-Viral Fatigue Syndrome, Myalgic Encephalomyelitis/Chronic Fatigue 

Syndrome, Fibromyalgia

PASC Subtypes

• All can be associated with similar phenotypes of pain, fatigue, exercise intolerance, 
weakness, altered sensation, altered cognition, and altered personality

• These subtypes are not mutually exclusive



Initial description (1985): “Principle symptom is severe muscle 
fatiguability, but there may be a range of secondary symptoms, such as 
the aching of muscles, disequilibrium, and psychiatric manifestations.”1

UK Viral Meningitis Study (1996):2 
• 159 confirmed infections followed 6-24 months
• Chronic fatigue syndrome (CFS) prevalence: 12.6% 
Dubbo Infection Outcomes Study (2006):3  

• 253 confirmed infections followed 1 year
• Six weeks CFS: 35%
• Three months CFS: 27%
• Six months CFS: 12%
• One-year CFS: 9%

Severe Acute Respiratory Syndrome (SARS):4

• 181 survivors followed over 41.3 months:
• 40.3% reported persistent fatigue
• 27.1% met modified 1994 CDC criteria for CFS

Post-Viral Fatiguing Syndromes

Image credit: https://www.verywellhealth.com/chronic-fatigue-syndrome-symptoms-716110
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History strongly suggested that post-viral fatigue 
was going to be a substantial problem
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Lambert, N. J. & Survivor Corps.
COVID-19 “Long Hauler” Symptoms Survey Report. Indiana University School of
Medicine; 2020.







Protocol 000089:
Natural History of 
COVID-19 
Convalescence at 
the National 
Institutes of Health

Phase A-Survey: Phone Interviews and 
Online Questionnaires
• PRIMARY OBJECTIVE:

• To observe and describe the range of medical 
syndromes that occur in the wake of acute 
SARS-CoV-2.

Phase B- Evaluation: 5-day Inpatient visit

• PRIMARY OBJECTIVE:
• Phase B: to describe and medically characterize 

patients with PASC and those who fully recovered 
from SARS-Co-2.



Phase A: 
Survey

Phase A-Surveying with Phone Interviews 
and Online Questionnaires
• PRIMARY OBJECTIVE:

• To observe and describe the range of medical 
syndromes that occur in the wake of acute 
SARS/CoV2.

• Open since October 2020
• Screen and refer to other COVID -19 studies at NIH

Phase A Procedures

• Eligibility Interview
• Medical Record Confirmation
• Survey Interview
• Online Questionnaires



N = 244



N = 244





Phase B: 
Evaluation

Phase B:  Evaluation
• PRIMARY OBJECTIVE:  To describe and medically 

characterize patients with PASC and those who fully 
recovered from SARS/CoV2.

CARDIAC
• Echocardiogram, EKG, 48-hour Holter, Stress Test

PULMONARY
• Chest CT with contrast, PFTs, 6-minute walk

NEUROLOGICAL
• Neurological exam, MRI Brain, Smell/Taste 

Evaluation, Neuropsychological Testing
• Optional Lumbar Puncture



December 2021: 
Acute SARS-CoV-2 

infection

Subjective fever, nasal 
congestion, shortness 
of breath, fatigue and 

smell and taste 
changes, red eyes, 

night sweats, 
diarrhea, arthralgias, 
and episodic stabbing 

chest pains

Fatigue (worse after 
eating), exercise 
intolerance, new 
cognitive issues 

(word finding, short-
term memory, 
concentration)

January 2022: 
Subacute PASC 

Symptoms

June 2022: 
NIH Phase B 
Evaluation

Diagnosed 
with Long 

COVID

March 2022: 
Additional PASC 

Symptoms

2 weeks 3 months

Case 1: The Medical Student
• 36-year-old Indian-Asian male second-year medical student
• Fully vaccinated and boosted with Moderna prior to infection

May 2022: 
Leave of Absence 

from School

4 months 6 months

Dizziness, sleep issues, 
numbness and tingling 
in hands and feet, and 

muscle twitching



Case 1: The Medical Student
Physical Exam: 
• T: 36.3, BP: 97/77, HR: 54, RR: 18, 99% on Room Air
• Unremarkable detailed research physical examination
• Normal Labs: 

• CBC, CMP, TSH. ESR: 5, CRP: 0.2, D-Dimer: <0.27 

• Normal EKG: 
• Heart rate 51, sinus bradycardia.  Atrial premature complex-SV complex with short R-R interval early repolarization.

• Normal Transthoracic echocardiogram: 
• The left ventricle is normal in size and systolic function.  There are no regional wall motion abnormalities.  The LV diastolic 

function is normal by Doppler exam. The right ventricle is normal in size and function.  No significant valvular abnormalities.

• Normal Exercise Stress Test: 
• Stopped due to dyspnea after reaching 16.1 METs at a peak HR of 192 bpm (104% APMHR. Normal resting blood pressure 

with normal response to stress. No arrythmias. 

• Mildly abnormal Pulmonary Function Test: 
• Normal flows and total lung capacity.  Mild restrictive ventilatory defect. Mild diffusion defect following adjustment of DLCO 

for hemoglobin.  The flow volume loop reflects a normal pattern.



Chest CT with contrast:  
There are multiple filling defects within the lobar, segmental and subsegmental 
pulmonary arteries to the right lower lobe compatible with pulmonary 
thromboembolism. 



Case 1: The Medical Student

Treatment:
•  Apixaban for 3 months 

After treatment: 
• He noted 90% improvement in his cognitive symptoms within a few 

weeks.
• Fatigue improved substantially but some continues to linger on
• 15 months after infection, he returned to medical school as a third-year 

student



Case 1: The Medical Student
• A substantial number of PASC cases will have alternative medical explanation than 

just “Long COVID”
• Sometimes the clinical presentations will defy expectations
• Some will be new diagnoses can be unrelated or accelerated by SARS-CoV-2 infection
• Some will be legacy effects of injury related to SARS-CoV-2 infection

•  After review of 16 cases, these clinically relevant medical issues were discovered:
• Pulmonary emboli (1)
• Newly diagnosed sleep apnea (4+)
• Undiagnosed asthma (1)
• Frontotemporal atrophy (1)
• Increased intracranial hypertension on lumbar puncture (2)
• Probable disruption of the blood/brain barrier on lumbar puncture (2)
• Substantial deconditioning with new onset non-alcoholic steatohepatitis (1)
• Ehlers Danlos Syndrome (1)
• Functional movement disorder (1)
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Diligence and follow-up over time will be important in understanding causality of ~30% of PASC cases 



November 2021: 
Acute SARS-CoV-2 

infection

Cough, rhinorrhea, 
congestion sore throat, 

fatigue, intermittent chest 
pain and lightheadedness 
during a shower. Lost her 
smell and taste after one 

week. 

Worsening deep cough led 
to bronchitis diagnosis 

which responded to 
treatment with Advair and 
a 10-day prednisone taper. 

January – June 2022: 
Subacute PASC 

Symptoms

July 2023: 
NIH Phase B 
Evaluation

Diagnosed with 
Long COVID

July 2022:  
Escalation of PASC 

Symptoms

7 months

Case 2: The Young Scientist
• 23-year-old non-Hispanic white woman working as a scientific researcher
• Fully vaccinated and boosted with J&J prior to infection; Pfizer series completed after in 2022

Received work 
accommodations; 
wheelchair use for 

distance travel

2 months 20 months

Gradual improvement: 
Residual fatigue, 

lightheadedness, chest 
pain,  shortness of 

breath, and smell/taste

• Had a “summer cold”
• Low-to-moderate aerobic 

exercise training

Fatigue, episodes of 
dizziness with tachycardia, 
shortness of breath, new 

cognitive issues, weakness 
leg pain, persistent sore 

throat, headaches, tinnitus, 
and sleeping issues



Case 2: The Young Scientist
Physical Exam:
• T: 36.3, BP: 97/77, HR: 54, RR: 18, 99% on Room Air
• Essentially unremarkable detailed research physical examination
• Normal Labs: 

• CBC, CMP, TSH. ESR: 22, CRP: 5.4 (cutoff is 5) , D-Dimer: 0.36. Negative ANA, Lyme, Syphilis, antiphospholipid antibodies. 

• Normal Lumbar Puncture: 
• 1 WBC, 4 RBC, glucose 56, protein 22, IgG 1.7, no oligoclonal bands

• Normal Brain MRI: 
• Unremarkable enhanced MRI of the brain

• Normal EKG: 
• Heart rate 60, normal sinus rhythm

• Normal Transthoracic echocardiogram:
• The left ventricle is normal in size and systolic function.  There are no regional wall motion abnormalities.  The LV diastolic function is normal by 

Doppler exam. The right ventricle is normal in size and function.  No significant valvular abnormalities.

• Mildly abnormal Pulmonary Function Test: 
• Normal flows.  Elevated total lung capacity and reserve volume suggest air trapping. No diffusion defect.  The flow volume loop reflects a normal 

pattern.

• Normal Chest CT with contrast: 
• The perfusion images of the lungs are unremarkable



Case 2: The Young Scientist
• Submaximal but normal Exercise Stress Test: 

• Stopped due to leg fatigue after reaching 9.1METs     (81% APMHR). Normal 
resting blood pressure with normal response to stress. No arrythmias.

• Developed post-exertional malaise about 24 hours after the exercise stress 
test that peaked at 48 hours post-exercise

Abnormal Autonomic Testing: 
•  Tilt-table test showed an orthostatic tachycardia with the delta HR 

max. 66 compared to baseline. SBP using finger cuff remained stable.
 
• There is orthostatic tachycardia of > 30 beats/min, compatible with 

diagnosis of Postural Orthostatic Tachycardia Syndrome (POTS). 



What is the diagnosis here?



Post-Infectious Myalgia Encephalomyelitis/Chronic Fatigue Syndrome



Post-Infectious Postural Orthostatic Tachycardia Syndrome

Adult Definition:
•1. A sustained HR increment of not less than 30 
beats/minute within 10 min of standing or head-up tilt; and
•2.An absence of orthostatic hypotension (i.e. no sustained 
systolic blood pressure [BP] drop of 20 mmHg or more); 
and
•3.Frequent symptoms of orthostatic intolerance during 
standing, with rapid improvement upon return to a supine 
position. Symptoms may include lightheadedness, 
palpitations, tremulousness, generalized weakness, blurred 
vision, and fatigue; and
•4.Duration of symptoms for at least 3 months; and
•5.Absence of other conditions explaining sinus 
tachycardia.

Antecedent history of suspected viral infection 
reported in 20-50% of POTS patients

Illustration:Christina Pecora, MSMI, CMI.
Heart Rhythm 2022 191880-1889DOI: (10.1016/j.hrthm.2022.07.014) 



• 12,460 patients (age 47±23 years) with 
documented new SARS-Cov-2 infection

• Post-infection odds of new POTS-associated 
diagnoses (n=1,004, odds: 1.52 [1.33–1.72], 
p<0.001)

• Common Primary Care diagnoses (n=3,325, odds: 
1.4 [1.31–1.50], p<0.001) 

• OR was not significantly higher (1.08 [0.93–1.25], 
p=0.29).

Acute SARS-CoV-2 infection increases the odds of 
developing the PASC phenotype, but not more than  

what is typically seen in the community
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documented new SARS-Cov-2 infection

• Post-infection odds of new POTS-associated 
diagnoses (n=1,004, odds: 1.52 [1.33–1.72], 
p<0.001)

• Common Primary Care diagnoses (n=3,325, odds: 
1.4 [1.31–1.50], p<0.001) 

• OR was not significantly higher (1.08 [0.93–1.25], 
p=0.29).

Acute SARS-CoV-2 infection increases the odds of 
developing the PASC phenotype, but not more than  

what is typically seen in the community

After review of 16 NIH PASC participants, 4 had positive tilt 
testing for POTS and 1 met criteria for neurogenic hypotension 



Post-Epstein-Barr Viral Fatigue Syndrome



• EBV viremia at the time of initial clinical 
SARS-CoV-2 diagnosis (T1) increased the odds 
of developing PASC symptoms 2-3 months 
later.

• EBV viremia was not demonstrated later 
during the acute infection (T2) or 2-3 months 
later (T3).  

Epstein-Barr Virus reactivation early during 
SARS-CoV-2 infection is risk factor to developing 

the PASC phenotype



Case 2: The Young Scientist
• This PASC case does not have a good alternative medical explanation 

• No noted medical conditions appear to account for the entire clinical picture
• ME/CFS: Meets descriptive criteria; does not suggest a particular treatment
• POTS: Meets objective criteria; suggests POTS treatments

• Prescribed Ivabradine 2.5 mg by mouth twice daily, Salt tablets as needed, LMNT 
electrolyte solution 1 packet by mouth daily, Vitassium electrolyte 2 capsules by mouth 
twice daily

• Still quite disabled
• EBV reactivation: 

• EBV DNA PCR: undetected
• Positive EBVCA-IgG, Negative EBVCA-IgM, Positive EBNA-IgG 
• EBV Throat swab: Negative
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• Still quite disabled
• EBV reactivation: 

• EBV DNA PCR: undetected
• Positive EBVCA-IgG, Negative EBVCA-IgM, Positive EBNA-IgG 
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Cases such as this emphasize the difficulties of PASC categorization, with 
the potential to confound PASC research 



Conclusions

• PASC represents a wide range of medical complications
• Cardiovascular, pulmonary, neurological injuries

• Legacy effects of injuries from acute SARS-CoV-2 infection
• Coincidental and/or accelerated medical events 
• Post-viral fatiguing syndromes

• Post-viral fatiguing syndromes are common 
• Seems as common after SARS-CoV-2 as with other infections
• Time seems to be important in distinguishing from other PASC subtypes

• The biology underlying Post-Viral Fatiguing Syndromes is not known
• Myalgic Encephalomyelitis/Chronic Fatigue Syndrome
• Postural Orthostatic Tachycardia Syndrome
• Epstein-Barr Virus Reactivation
• Case heterogeneity will complicate PASC research
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