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Nomeclature

• “There have been an increasing number of reports of patients who 
experience persistent symptoms and/or organ dysfunction after acute 

COVID-19.”

• …The nomenclature for this phenomenon is evolving, but it has been 
referred to as “postacute COVID-19 syndrome” or “long COVID,” and 

affected patients have been referred to as “long haulers…”

https://www.covid19treatmentguidelines.nih.gov/overview/clinical‐spectrum/
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Prolonged Recovery from COVID-19: Diagnostic and 
Therapeutic Challenges



Prolonged Recovery from COVID‐19: Diagnostic and 
Therapeutic Challenges

• Michael Saag, MD
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Gupta 2020, Nat Med; 26:1017. Slide credit: clinicaloptions.com

Endocrine
 Hyperglycemia
 Diabetic ketoacidosis

Neurologic
 Headaches
 Dizziness
 Encephalopathy
 Guillain‐Barré

Renal
 Acute kidney injury
 Proteinuria
 Hematuria

Hepatic
 Elevated ALT/AST
 Elevated bilirubin

Cardiac
 Takotsubo cardiomyopathy
 Myocardial injury/myocarditis
 Cardiac arrhythmias

 Ageusia
 Myalgia
 Anosmia
 Stroke

 Cardiogenic shock
 Myocardial ischemia
 Acute cor pulmonale

Dermatologic
 Petechaie
 Livedo reticularis
 Erythematous rash

 Urticaria
 Vesicles
 Pernio‐like lesions

Thromboembolism
 Deep vein thrombosis
 Pulmonary embolism
 Catheter‐related thrombosis

Gastrointestinal
 Diarrhea
 Nausea/vomiting

 Abdominal pain
 Anorexia

Extrapulmonary Manifestations of COVID‐19: 
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Multidimensional Challenge of Treating COVID‐19



“Long COVID”

• “Illness in people who have either:

• Recovered from COVID‐19 but still report lasting effects of the 
infection

• OR
• …Have had the usual symptoms for far longer than would be 
expected”

10

Nature 584:170, 2020
BMJ 370: m2815, 2020
JAMA 324: 603, 2020
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Proposed Population‐Based Framework for Symptomatic 
SARS‐CoV‐2 Infection*

Datta 202, JAMA; doi:10.1001/jama.2020.22717. 

* Population‐based framework refers to the fact that these illnesses are observed at the population level and not necessarily in any given individual.

Courtesy of Dr. John Brooks, CDC
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JAMA 324: 603, 2020
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Cardiac Manifestations of COVID‐19

• Acute cardiac injury: 
elevated troponin

• Heart failure, cardiogenic 
shock

• Myocarditis

• Arrhythmias

• Thrombosis

Atri D et al JACC: Basic to Translational Science, 2020
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NEUROLOGIC COMPLICATIONS OF COVID‐19
14

SCHOOL OF  MEDICINE

SYMPTOMS OR SYNDROMES RELATION TO 
DISEASE COURSE

FREQUENCY

Neurologic symptoms of COVID‐
19

Anosmia, dysgeusia, 
headache, dizziness, 
paresthesias

Early Common

Neurologic complications of 
severe COVID‐19

Encephalopathy,
Stroke, ANE, seizures

Late Common in severe 
disease

Direct involvement of CNS with 
SARS CoV‐2

Meningoencephalitis Unknown Rare

Para‐infectious and Post‐
infectious complications of SARS 
Cov‐2

GBS, Miller Fisher syndrome, 
ADEM

7 to 10 days after 
onset

Unknown

COVID‐19 in patients with 
existing neurologic illness

MS, MG, Epilepsy, Dementia, 
PD

N/A Unknown
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Basic Epidemiology of Post‐Acute COVID‐19  

 Definition? What is it?
 Incidence? How many people develop it?
 Duration? How long does it last?
 Etiology/ies? What causes it?
 Population? Who does it affect?
 Prevention? What can be done to prevent it?

Courtesy of Dr. John Brooks, CDC
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What are the mechanisms? 
-OR-

Where should we look?



What can basic studies offer?

• Identifying a mechanism is a more direct arrow to a therapeutic
• COVID-19 is a novel disease, but has multiple features that are shared 

across infections.
• Likewise, persistent sequelae of an infectious episode is not unique to 

SARS-CoV-2
• The synchronous infection of millions of people may allow causal 

linkage of phenomena to an infectious event and adequate numbers of 
patients to define pathogenesis.



What are the determinants of the outcome 
of a SARS-CoV-2 infection?

Pre‐Infection

• Age and sex/gender
• Baseline immune status
• (Vaccination status)
• Comorbid conditions
• Genomics



What are the determinants of the outcome 
of a SARS-CoV-2 infection?

Pre‐Infection

• Age and sex/gender
• Baseline immune status
• (Vaccination status)
• Comorbid conditions
• Genomics

Exposure

• Epidemiologic challenges 
• (Epidemiologic advantages)
• Inoculum?
• Specific virus features



Direct SARS-CoV-2 effects
• Challenges with quantitative 

measurement

Wolfel et al., Nature 581, 465–469(202
He X., et al., Nat Med 26, 672–675 (2020)



Direct SARS-CoV-2 effects
• Challenges with quantitative 

measurement
• Sites to be measured

Fajnzylber et al.  Nat Commun 11, 5493 (2020)
Chen et al., Clin Inf Diseases 71,8 1937‐1942(2020)



Direct SARS-CoV-2 effects
• Challenges with quantitative 

measurement
• Sites to be measured
• Virus features – Spike protein N501Y

Hodcroft and Neher
https://nextstrain.org/groups/neherlab/ncov/S.N501



Direct SARS-CoV-2 effects
• Challenges with quantitative 

measurement
• Sites to be measured
• Virus features
• Duration of detectable viral RNA?

Choi et al., N Engl J Med 2020; 383:2291‐2293; Hellenberg et al., JID 2020; 222, 7: 1103–1107; Sun et 
al.,  Emerg Infect Dis. 2020;26(8):1834‐183; Wang J et al., Medicine; 99,34:e21865.

Immunocompromised host

Prolonged asymptomatic shedding



Summary of virus specific factors to consider

• Impact of inoculum size, peak viral titers and dissemination
• Specific features of viruses
• Patterns of persistence of virus



The host:pathogen interface



The Immune response to SARS-CoV-2



The Immune response to SARS-CoV-2



Innate Immune activation in COVID-19

• Early events are difficult to identify and characterize
• Observational cohort of 234 PUIs

• 93 SARS-CoV-2
• 41 other respiratory viruses
• 100 no infectious agent

• Metagenomic sequencing from NP swabs
• Induction of type 1 interferon genes 
• Induction of inflammasome appears to be linked to VL
• Blunted recruitment of macrophages and neutrophils

Mick, E et al., Nat Commun 11, 5854 (2020).



Innate immune recognition is not monolithic
• Sex based differences in TLR7 activity and expression
• Genomics determinant of disease outcomes?

• 4 young male patients with severe COVID
• Rare putative loss of function mutations in TLR7

Scully et al., Nat Rev Imm 20, 442–447(2020); van der Made CI, et al.. JAMA. 2020;324(7):663–673

Virus sensing
Case Fatality Ratio


