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Learning Objectives

• To describe the natural history of COVID 19 and 
recognize post acute sequelae

• To describe and clinical recognize clinical endotypes 
of Long COVID including fatigue, pain and 
neurocognitive dysfunction 

• To relate current data on immune dysfunction to target 
organ and syndromic domains and recognize current 
standard of care 



@LCalabreseDO

#rheumtwitter

#MedTwitter



The Epidemic Long COVID-19: -Questions and 
Implications for Rheumatology

• What is Long COVID?

• What is the epidemiology? 

• Long Covid Endotypes?

• What is the immunopathogenesis?

• What is known regarding therapy?



Course of COVID-19 Infection – A Paradigm for Therapy 

Asymptomatic
Innate immune activation

STAGE 1

Nonsevere symptomatic
Adaptive immune activation

STAGE 2

Severe respiratory/inflammatory
Cytokine release syndrome

STAGE 3

HYPERINFLAMMATORY 
PHASE

CYTOKINE STORM

IgG, IgA response begins days 7-14 

VIRAL 
RESPONSE 

PHASE

CYTOKINE RESPONSEVIRAL LOAD

IgM response begins days 5-10 

Disease Course

• Self limiting in 80%
• Severe in 15%-20%
• Fatal in 1%-2%

Risk Factors for
Stage 3 Disease

• Age

• Immunosuppressed 
states

• Diabetes

• ASHD

• Renal disease

• Hypertension

• Male sex 

• Other
TIME COURSE

ASHD = arteriosclerotic heart disease; Ig = immunoglobulin.
Adapted from Calabrese LH. Cleve Clin J Med. 2020;87(7):389-393. 



COVID-19 Epidemiology: Focus on age, obesity, and co-

morbidities

• Risk factors for severe illness 

from COVID-19 include: 

- Age DEATH doubles per 5 yrs

of age

- Obesity (all age groups)

- Physical inactivity

- Smoking

- Underlying medical 

conditions (all age groups)



COVID-19 
Clinical Continuum

• Sequela: A condition which is the 
consequence of a previous disease or 
injury.
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USA      1/3

Global  4/10

• Objective The primary aim of this study 

is to examine the prevalence of post-

acute sequelae of long COVID, across 

the world and to assess geographic 

heterogeneities through a systematic 

review and meta-analysis.

• A second aim is to provide prevalence 

estimates for individual symptoms that 

have been commonly reported as 

PASC, based on the existing literature.

29 Studies revealed worldwide, 

PASC comprises a significant

fraction (0.43 [95% CI: 0.35, 0.63]) 

of COVID-19 tested positive cases 

and more than half of hospitalized 

COVID-19 cases, based on 

available literature as of August 12, 

2021. 



May 2022

• While acute infections are commonly thought of as self limiting a 

sizable number of individuals suffer form post infections 

syndromes (PAIS) often of unclear nature and complex nosology

• These represent a major burden to the public health 

• The ‘tails’ of infections are characterized by an unexplained failure 

to recover from acute disease

• Have similarities with previously described syndromes such as 

ME/CFS suggesting common etiopathogenesis



Some PAIS are pathogen specific 

• Anosmia- SARS CoV-2

• Arthritis – Chikungunya

• Corneal disease – Ebola

• Bowel disease Coxackie B

Others are shared 

ME/CFS phenotype – post exertional 

fatigue; non restorative sleep; 

neurocognitive dysfunction etc “Long 

COVID” EBV, SARS, 



N Engl J Med. 2021 Aug 12;385(7):577-579



What is Long COVID?



Documented post COVID 
Pathologic Entities

PERSISTENT 

SYMPTOMS WITHOUT 

DEFINED PATHOLOGY 



A total of 18,251 publications were identified, of which 

15 met the  inclusion  criteria.  The  prevalence  of  

55long-term  effects  was  estimated,  21  meta-

analyses were performed, and 47,910 patients were 

included. The follow-up time ranged from 14to 110 

days post-viral infection. The age of the study 

participants ranged between 17 and 87 years. It was 

estimated that 80% (95% CI 65-92) of the patients 

that were infected with SARS-CoV-2 developed one 

or more long-term symptoms. The five most 

common symptoms were fatigue (58%), headache 

(44%), attention disorder (27%), hair loss (25%), and 

dyspnea (24%). All meta-analyses showed medium 

(n=2) to high heterogeneity (n=13)    11:2021



Are there Risk Factors?
And 

Endotypes?



Polling Question

• These ‘risk’ factors have been reproducibly 
associated with risk of developing Long 
COVID

A. Female sex

B. Advancing age

C.Severity of COVID-19 acute illness

D.A and C

E. A,B, C



What is the Epidemiology of Long 

COVID?

• Challenges: No uniform definition; 

no specific criteria; Reporting bias; 

No diagnostic biomarkers*( no 

treatment)

What we do have: Only questions-

Steve Deeks



Risk Factors for Long COVID
Observational study in a primary care population using data from Platform C19* 

• Long COVID was present in 310/3,151 (9.8%) patients with self-diagnosed, clinician-diagnosed, or 
test-confirmed COVID-19  ( 34% test confirmed)

• Only 106/310 (34.2%) long COVID patients had test-confirmed COVID-19

Risk Predictors of Long COVID
(Adjusted Odds Ratio)

• Age 40 years (1.49 [1.05–2.17])

• Female sex (1.37 [1.02–1.85])

• Frailty (2.39 [1.29–4.27])

• Emergency department visit (4.28 [2.31–7.78])

• Hospital admission for COVID-19 symptoms 
(3.22 [1.77–5.79])

Protective Mitigating factors

• Younger age

• Milder acute COVID-19 illness

• Previous infection ? 

• Vaccination decreases but variable effect (15-50%) 
depending on study  

*A quality improvement program-derived research database linking primary electronic health record data with patient-reported questionnaire information.

Jones R et al. Pragmat Obs Res. 2021;12:93-104.  Al-Aly, Z et al Nature Med 2022  Antonelli M Lancet Infect Dis 22:43-55,2022



Clinical Endotypes

• Chronic Fatigue

• Brain Fog

• Autonomic Dysfunction ( POTS, 
dysrhythmias)

• Pain Fibromyalgia

• Neuropsychiatric



Myalgia 

Arthralgia

Sleep

Fatigue

. The pain-syndrome pattern was 

associated with the severity of the 

acute disease (0.22 (0.98) vs. 

−0.08 (1.00), p < 0.001) and was 

higher in women (0.11 (1.08) vs. 

−0.13 (0.88), p < 0.001).



Fatigue post COVID-19 Matrix



Symptoms after 7 months 

N= 996

52% Prevalence of ME/CFS in PASC-Total 96

Pts Stanford PASC Clinic – Hector Bonilla MD 



100 consecutive patients 

attending Neuro-cognitive clinic

50 PCR confirmed

50 –suspected but not confirmed 

Both groups exhibited impaired 

quality of life in cognitive and fatigue 

domains. SARS-CoV-2+ patients

performed worse in attention and 

working memory cognitive tasks 

compared to a demographic-matched 

US population (T-score 41.5 [37, 

48.25] and 43 [37.5, 48.75], 

respectively; both p < 0.01).

Annals of Clinical and Translational

Neurology 2021; 8(5): 1073–1085





Social Learning

Long haul COVID19 > 83,000, 000 

results on GOOGLE

WHERE PEOPLE LEARN 

TO EXPECT AND FEAR 

SYMTOMS AFTER 

COVID-19



Posttraumatic Stress Disorder in Patients After Severe 
COVID-19 Infection (JAMA Psychiatry May 2021 p567-9)

381 patients presenting with COVID19 to an ER in Italy and recovered 

Followed up by questionnaires and structured interviews

Associated characteristics:   female sex, history of psychiatric disorders, and 

delirium or agitation during acute illness. Also correlated with persistent medical 

symptoms, often reported by patients after recovery from severe COVID-19 ( 1-3 m 

latter)- Not associated with ICU admission or ventilation status



Neurocognitive Profiles in Patients With Persisting Cognitive Symptoms 
Associated With COVID-19

Kamini Krishnan 1 2, Ashley K Miller 1, Katherine Reiter 1 2, Aaron Bonner-Jackson 1 2

Arch Clin Neuropsych 2022 Feb 5

• 90% were women and 70% had previous history of anxiety or 
depression  suggesting patients with prior psychiatric history 
may experience greater levels of cognitive dysfunction. 

• Cognitive deficits, when present, appear mild and isolated to 
domains of attention and processing speed, and executive 
function 

• This finding may be a consequence of other factors developed 
as a result of COVID-19 (worsening mood, sleep disruption, 
fatigue, etc.) 

• Patients appear receptive to psychoeducation about the 
impact of factors such as mood, pain, sleep, and fatigue on 
cognition.

https://pubmed.ncbi.nlm.nih.gov/?term=Krishnan+K&cauthor_id=35136912
https://pubmed.ncbi.nlm.nih.gov/35136912/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/35136912/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Miller+AK&cauthor_id=35136912
https://pubmed.ncbi.nlm.nih.gov/35136912/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Reiter+K&cauthor_id=35136912
https://pubmed.ncbi.nlm.nih.gov/35136912/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/35136912/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Bonner-Jackson+A&cauthor_id=35136912
https://pubmed.ncbi.nlm.nih.gov/35136912/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/35136912/#affiliation-2


J Pain D.J. Clauw et al.·161 (2020) 1694–1697

• Infections as a trigger for pain (Ross River, EBV, 
chikungunya ; part pf ME CFS phenotype

• Chronic pain as a result of COVID-19
- Well documented in epidemiologic studies confounded by 

psychologic factors, critical (ICU) related events

• Exacerbation of chronic pain in the absence of actual 
infection

• New onset pain related to psychologic stressors



Methods Data were anonymously collected between 5

and 18 April 2021. The collection form consisted of 28

questions gathering demographic information, features

and duration of acute COVID-19, comorbid diseases, and

other individual’s attributes such as height and weight.

The American College of Rheumatology (ACR) Survey

Criteria and the Italian version of the Fibromyalgia Impact

Questionnaire completed the survey.





• 75 % Moderate COVID

• International 

• Mixed methods for clinical assessments

• Principle component analysis

Myalgia  14-40%

Arthralgia 9-44%

HA 12-20%

Chest pain 5-30%



Commonly suggested biomedical hypotheses explaining 
PAISs

PERSISTENT 

PATHOGEN

DYSBIOSIS

Neuro-Immune axis

AUTOIMMUNE / 

AUTOINFLAMMATORY

PATHOLOGIC 

TISSUE DAMAGE



Infections and Autoimmunity





Autoantibodies in COVID-19 – 2022



AUG 2022



Treatment of PASC

• No specific therapies

• Antivirals

• Small pipeline

• Autonomic targeting, immunologic targeting  

• PACING

• Psychologic support



Natural History of PAIS is partially 

PATHOGEN SPECIFIC

Heavily influenced by ascertainment strategy



Being a person vs. a doctor



A cautionary tale of ‘long haulers” 
Leonard Sigal MD “What is causing the ‘long hauler’ phenomenon 

after COVID-19

• All to often families and clinicians minimize these 
chronic symptoms and all to often misguided 
therapies can lead to toxicity, frustration and 
despair”

Clev Clin J Med 88:273, May 2021





COVID RIVER 

Image available at: https://i.imgur.com/G4hJD.jpg.






