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

 What is Long COVID?

* What Is the epidemiology?

* Long Covid Endotypes?

* What Is the iImmunopathogenesis?
» What is known regarding therapy?



Course of COVID-19 Infection — A Paradigm for Therapy

Asymptomatic Nonsevere symptomatic
Innate immune activation Adaptive immune activation

Severe respiratory/inflammatory
Cytokine release syndrome

RESPONSE

i
PHASE

IgM response begins days 5-10
I

|
HYPERINFLAMMATORY

| ]

CYTOKINE RESPONSE

PHASE

:CYTOKINE STORM

| J 19G, IgA response begins days 7-14
l

TIME COURSE

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

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



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)

L IMMUNOLOGY
i ?
Why do people die from COVID-19?
- - - - Autoantibodies that neutralize type I interferons increase with age
- Phvsical inactivit — e o ¢ S [t i s
infection fatal in more than 10% of people | adults, we found 1EI that affect Toll-like re-
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COVID-19 * Sequela: A condition which is the
consequence of a previous disease or

Clinical Continuum  injury.

BRAIN
Inflammation and
low oxygen levels
may cause cognitive
problems.
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Global Prevalence of Post-Acute Sequelae of COVID-19 (PASC) or Long
COVID: A Meta-Analysis and Systematic Review

Authors:
Chen Chen, MA'", Spencer R. Haupert, BS'", Lauren Zimmermann, BSc'2, Xu Shi, PhD 1, Lars
G. Fritsche, PhD"*#, Bhramar Mukherjee, PhD 2343

* Obijective 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.

« Asecond 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,

November 16, 2021

Studies Prevalence (95% CI)
Fermandez-de-Las-Pefas &t al Spain 0.81 [0.79; 0.84]
Huang et al China 0.76 [0.74; 0.78]
Wong-Chew et al Mexico 0.7e [0.74; 0.78]
Ghosn el al France 0.68 [0.65; 0.71]
Areakal et al India 0.66 [0.61; 0.71]
Lemhofer et al Germany 0.62 [0.57; 0.67]
Munblit et al Russia 0.58 [0.56; 0.60]
Maestre-Muniz et al Spain 0.57 [0.53; 0.61]
Zheng et al China 0.56 [0.52; 0.60]
Desgranges et al Switzerland 0.53 [0.48; 0.58]
Hirschtick et al USA 0.52 [0.48; 0.57)
Yenturelli et al Italy 0.51 [0.48; 0.55]
Morin et al France 0.51 [0.46; 0.56]
Xiong et al China 0.50 [0.45; 0.54]
Yomogida et al USA 0.48 [0.43; 0.53)
Budhiraja et al India 0.40[0.37; 0.43]
Peghin et al Europe 040 [0.36; 0.44]
Righi et al Europe 0.39 [0.35; 0.44]
Menges et al Switzerland 0.39[0.34; 0.43]
Cirulli et al USA 036 [0.31; 0.41)
Shang et al China 0.33 [0.30; 0.386]
Augustin et al Europe 0.28 [0.24; 0.32]
Spotnitz et al USA 0.28 [0.27; 0.28]
Huang et al California 0.27 [0.25; 0.30]
Shoucri et al USA 0.25 [0.22; 0.30]
Maik et al  India 0.22 [0.20; 0.24]
Sudre et al UK/SE/US 0.13 [0.12; 0.14]
Perlis et al USA 0.09 [0.08; 0.10]
Lampl et al Germany 0.09 [0.06; 0.12]
Total 0.43 [0.35; 0.51]

Heterogeneity: 15, = 8129.75 (P < .001), I¥ = 100%
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Unexplained post-acute infection syndromes

Jan Choutka ©'®, Viraj Jansari’, Mady Hornig ©* and Akiko Iwasaki 2458

* 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



Table 1| Overview of unexplained PAISs associated with
documented infections

i Some PAIS are pathogen specific
e tection (RSO Anosmia- SARS CoV-2

Post-acute COVID-19 syndrome (PACS) . . .

Long COVID  Arthritis — Chikungunya

r;;;ggila virusdiseaﬁes._;rndmme o Corneal dlsease —_— EbOla
Dengue Post-dengue fatigue syndrome (PDFS) 1 Bowel d|Sease CoxaCkle B

Polio Post-palio syndrome (PPS)
SARS Post-SARS syndrome (P55)

Chikungunya Post-chikungunya chronic inflammatory

Poct-chungunya disase Others are shared
— — ME/CFS phenotype — post exertional

West Mile virus Mo name

Ross River virus: Noname fatigue; non restorative sleep;

Coxsackie B? Mo name

HINY/OD influenza®®  Noname neurocognitive dysfunction etc “Long
::::iralpathngens o COVID” EBV, SARS,

Coxiella burnetii Q fever fatigue syndrome (QFS)

Borrelia® Post-treatment Lyme disease syndrome
(PTLDS)

Giardia lamblig* Mo name

*Limited or very limited evidence base. *Association with increased use of ME/CFS diagnosis in
health registry. “Contradicting or unclear evidence base. Supporting evidence derives from a single
outbreak in Norway.




Confronting Our Next National Health Disaster

— Long-Haul Covid

Steven Phillips, M.D., M.P.H., and Michelle A. Williams, Sc.D.

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



What i1s Long COVID?



Documented post COVID
Pathologic Entities

Fig. 2: Extrapulmonary manifestations of COVID-19.

From: Extrapulmonary manifestations of COVID-19

Persistent
symptoms
secondary to
defined pathology

Defined pathology
without
associated
symptoms

Neurologic
Headaches
Dizziness
Encephalopathy
Guillain-Barré
Ageusia
Myalgia
Anosmia
Stroke

Renal
Acute kidney injury
Proteinuria
Hematuria

Hepatic
Elevated
aminotransferases
Elevated bilirubin

Gastrointestinal
Diarrhea
Nausea/vomiting
Abdominal pain
Anorexia

Thromboembolism
Deep vein thrombosis
Pulmonary embolism

Catheter-related thrombosis

Cardiac

Takotsubo cardiomyopathy
Myocardial injury/myocarditis
Cardiac arrhythmias
Cardiogenic shock
Myocardial ischemia
Acute cor pulmonale

Endocrine
Hyperglycemia
Diabetic ketoacidosis

Dermatological
Petechaie
Livedo reticularis
Erythematous rash
Urticaria
Vesicles
Pernio-like lesions

PERSISTENT

SYMPTOMS WITHOUT

DEFINED PATHOLOGY



Long-term effects of COVID-19
4 4% 7% g
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www.nature.com/scientificreports

OFEN More than 50 long-term effects
of COVID-19: a systematic review
and meta-analysis

Sandra Lopez-Leon ™, Talia Wegman-Ostrosky 2, Carol Perelman®?,
Rosalinda Sepulveda™*, Paulina A. Rebolledo®%¢, Angelica Cuapio ™ & Sonia Villapol ®%*
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Are there RiIsk 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 iliness
D.Aand C

E.AB, 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]) Younger age
 Female sex (1.37 [1.02-1.85]) Milder acute COVID-19 iliness
* Frailty (2.39 [1.29-4.27]) Previous infection ?
* Emergency department visit (4.28 [2.31-7.78]) Vaccination decreases but variable effect (15-50%)
: . depending on study
« Hospital admission for COVID-19 symptoms
(3.22 [1.77-5.79]) /

*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



| Memory loss

® Concentration
impairment

B Insomnia
Emotinal distress

W Fatigue

B Myalgia

B Chest Pain

B Parasthesias

W Headache

=m Cough

B Anosmia-dysgeusia

W Dyspnea

W Palpitations

Arthralgia

1.0

A. Cognitive pattern

=

Myalgia

Arthralgia

Sleep
---fFatigue

D. Cardiac pattern

EBioMedicine 74 (2021) 103722

B. Pain-syndrome pattern C. Pulmonary pattern

Contents lists available at ScienceDirec

EBioMedicine

journal homepage: www.elsevier.com/locate/ebiom

Research paper

_Loading
threshold

E. Anosmia-dysgeusia pattern F. Headache pattern

i -fﬁr-eshold

Characterizing Long COVID: Deep Phenotype of a Complex Condition

Rachel R Deer'+*, Madeline A Rock', Nicole Vasilevsky*?, Leigh Carmody®*, Halie Rando®”,

. 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
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Long COVID or Post-acute Sequelae
of COVID-19 (PASC): An Overview of
Biological Factors That May
Contribute to Persistent Symptoms

Amy D. Proal' and Michael B. VanElzakker'=*

FATIGLIE |
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Symptoms after 7 months ——
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TACHYCARDAS |

TIGHTHESS
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FIGURE 1 | Most comm nplams ramaining after 7 months in 968 res ants i CWID-19 cas lesults ablaned
via an intarmaticnal web- reay. Image adapted with permissio

Severe fatigue, > 6 months
Unrefreshing sleep

Post Exertional Malaise (PEM-Crashes)
Brain fog or dysautonomia

52% Prevalence of ME/CFS in PASC-Total 96
Pts Stanford PASC Clinic — Hector Bonilla MD
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AN,

of Clinical and Translational Neurology
Open Access

RESEARCH ARTICLE

Persistent neurologic symptoms and cognitive dysfunction

in non-hospitalized Covid-19 “long haulers”

Edith L. Graham (), Jeffrey R. Clark (), Zachary S. Orban, Patrick H. Lim, April L. Szymanski,
Carolyn Taylor, Rebecca M. DiBiase, Dan Tong Jia, Roumen Balabanov, Sam U. Ho, Ayush Batra,
Eric M. Liotta & Igor J. Koralnik

Davee Department of Neurology, Northwestern University Feinberg School of Medicine, Chicago, lllinois

100 consecutive patients
attending Neuro-cognitive clinic

50 PCR confirmed

Annals of Clinical and Translational
Neurology 2021; 8(5): 1073—-1085

50 —suspected but not confirmed
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SARS-CoV-2* (n=37)  SARS-CoV-2" (n=39) SARS-CoV-2*(n=22) SARS-CoV-2" (n=12)

Both groups exhibited impaired
guality 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).

Assessment Domain
PROMIS Quality of Life
(median (1QR))
Cognition
Fatigue

SARS-Cov-2*

38 (30, 41)
64 (55, 69)

NIH Toolbox (median (IQR)) [N 7

Processing Speed
Attention
Executive Function
Working Memory

44,5 (35.5, 59)
41.5 (37, 48.25)
45.5 (40, 60)
43 (37.5, 48.75)

p, against
normative
population
median T-
score of 50

SARS-CoV-2"
T-score

33 (31, 37.5)
69 (61.25, 74)

41.5 (33, 53.75)
415 (38.5, 47)
46.5 (28.75, 53.25)
49.5 (42, 53.5)

p, against
normative
population
median T-
score of 50

p, between
SARS-CoV-2
groups




Horrifying new map shows no country is safe from
coronavirus’ deadly tentacles
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Social Learning

WHERE PEOPLE LEARN

Look for These Symptoms in the TO EXPECT AND FEAR

Months After COVID-19 Recovery [ERECUNUETIROIOMIDEERS CHUVIRUY SYMTOMS AFTER
COVID-19

results on GOOGLE




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

Figure. Posttraumatic Stress Disorder (PTSD) After COVID-19 Infection and Other Collective Traumatic Events

2002 MERS and 2012 SARS survivorsl

2020 COVID-19 survivors treated at
Gemelli Hospital, Rome, ltaly

2006 Hurricane Katrina survivors?

2011 Great East Japan Earthquake and
Tsunami survivors?

Residents near the World Trade Center after
the September 11, 2001, terrorist attacks®

15 20 2 3 35 MERS indicates Middle East
Individuals with PTSD, % respiratory syndrome; SARS, severe
acute respiratory syndrome.




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

Arch Clin

Néuropsych 2022 Feb’5

* 90% were women and 70% had previous history of anxiety or
depression suggesting patients with prior psychiatric history

may experience greater

« Cognitive deficits, when
domains of attention ano
function

evels of cognitive dysfunction.
oresent, appear mild and isolated to

processing speed, and executive

« This finding may be a consequence of other factors developed

as a result of COVID-19
fatigue, etc.)

(worsening mood, sleep disruption,

« 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

PAIN

Considering the potential for an increase in chronic
paln after the COVID-19 pandemlc
8 Winfrie

infried Hauser™*®, Steven P. Cohen®#, Mary-Ann Fitzcharles™®*

* |nfections 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

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



R M D ORIGINAL RESEARCH
Open Fibromyalgia: a new facet of the post-

P COVID-19 syndrome spectrum? Results
il from a web-based survey

Musculoskeletal
Diseases

Francesco Ursini ,1'2 Jacopo Oia]‘fi_,1 Luana I\a-‘lanu::arelIa,1 Lucia Lisi,1

Veronica Brusi,1 Carlotta C:;wallari_,1 Martina D"C)nghia_,1 Anna Mari,1

Elena Bc:nrlandelli,3 Jacopo Faranda Cordella,’4 Micaela La Regina,5 Pasquale Viola,
Piero Ruscitti,” Marco Miceli,® Roberto De Giorgio,? Nicola Baldini,'®

Claudio Borghi,"" Alessandro Gasbarrini,'? Annamaria lagnocco,'

Roberto Giacomelli,’ Cesare Faldini,'® Maria Paola Landini,'®

6

Riccardo Meliconi @ "7

Methods Data were anonymously collected between 5
and 18 April 2021. The collection form consisted of 28
guestions 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.



RMD
Open

Rheumatic &
Musculoskeletal
Diseases

ORIGINAL RESEARCH

Fibromyalgia: a new facet of the post-
COVID-19 syndrome spectrum? Results

from a web-based survey

Francesco Ursini @ ,"? Jacopo Ciaffi,' Luana Mancarella,’ Lucia Lisi,’
Veronica Brusi‘1 Carlotta Cavallari,1 Martina D‘Onghia,1 Anna I\.v'lari‘1

Elena Borlandelli,? Jacopo Faranda Cordella,* Micaela La Regina,5 Pasquale Viola"5

Piero Ruscitti,” Marco Miceli,” Roberto De Giorgio,® Nicola Baldini, "
Claudio Borghi,"" Alessandro Gasbarrini,'” Annamaria lagnocco,
Roberto Giacomelli,'* Cesare Faldini,’® Maria Paola Landini,'®

Riccardo Meliconi © 17

Age (years)

Female gender, n (%o)

Marital status
Single, n (%)
Married, n (%)
Separated, n (%)
Widowed, n (%0)

BMI (kg/m?)

BMI category
Underweight, n (%)
Normal weight, n (%)
Overweight, n (%)
Obese, n (%)

FM (FS score 213}, n (%)

Overall
(n=616)

45+12
47T (77.4)

116 (18.8)
437 (70.9)
51 (8.3)
12 (1.9)

Overall
(n=616)

25.3:4.8
19 (3.1)
160 (26.0)

102 (16.6)
189 (30.7)

Weight-
adjusted
{n*=591)

45+12

126 (21.3)
417 (70.6)
39 (6.6)

9(1.6)

Weight-
adjusted
(n*=591)

25.6+4.7
14 (2.3)
172 (29.1)

103 (17.5)
234 (39.5)

What is already known about this subject?

» Postacute COVID-19 syndrome (PACS) is emerging
as a complex condition with a wide range of clinical
manifestations.

» Clinical features of PACS include musculoskele-
tal pain, fatigue, cognitive impairment and sleep
disturbances.

What does this study add?

» Our study suggests that up to 30% of patients with
PACS may satisty criteria for fibromyalgia (FM).

» Obesity and male gender represent the strongest
risk factors for post-COVID-19 FM.

How might this impact on clinical practice or
further developments?
» |t is reasonable to expect that rheumatologists will

soon face up with a sharp nise of cases of this new
entity that we defined ‘FibroCOVID".
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The intersection of COVID-19 and autoimmunity

Jason S. Knight, ... , Julia Y. Wang, William J. McCune

Table 1. SARS-CoV-2 shares some characteristic features with
other viruses that trigger autoimmunity

Features of other viruses
Precedes autoimmunity

Induces type | IFNs

Breaks tolerance

Superantigen activity

Inhibits apoptosis of infected cells
Interferes with its own destruction

Evidence for SARS-CoV-2

Case reports of patients developing classifiable
autoimmune diseases following SARS-CoV-2
infection (56-64)

SARS-CoV-2 induces robust type | IFN responses
in a subset of patients (23-26)
SARS-CoV-? induces autoantibody production
in patients with severe COVID-19 (42, 77)
SARS-CoV-2 spike protein contains a
superantigen motif and patients with severe
COV1D-19 exhibit TCR skiewing consistent with
superantigen activation (109)

No evidence to date
No evidence to date
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Treatment of PASC

No specific therapies

Antivirals

Small pipeline

Autonomic targeting, iImmunologic targeting
PACING

Psychologic support
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Fig. 1| Prevalence and prognosis estimates of selected PAISs. a, Comparison of available estimates of persistent symptoms after infectious mononucleosis,
based on the 1994 CDC criteria for CFS (Hickie et al.”* lason et al.**, Pedersen et al. ™), its modification (Katz et al.™ White et al.*, Mass-Morris et al #*),
ar self-reparted CF5 Iness (Hickie et al.”, Buchwald et al.*). b, Prevalence of at least 16f 12 selected symptoms follo ID-19 (blue) compared
with healthy unexposed controls (orange). €, Prevalence of self-reported ‘long COVID' of any severity (blue) and with activity limitation (red). Plots in b and
¢ are adapted from the estimate of Office for National Statistics (ONS)"™. Lighter-colored bands around plotted lines show 95% confidence intervals. Plots in
b and € contain public sector information licensed under the Open Government License v3.0.
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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
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Symptom Management ®SAGE
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Keywords
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Table |. Six Recommendations for Leveraging the Patient—
Clinician Interaction to Optimize Symptom Management

Treat the symptoms and causes while empathically understanding
the patient’s experience of sickness

Recognize that the diagnosis itself of Long coronavirus disease
(COVID) carries with it a strong personal dimension

Validate the patients’ symptoms and expunge them of guilt

Dispel patients’ fears surrounding the diagnosis of Long COVID

Establish a genuine working relationship with the patient

Find meaning and compassion to minimize burnout when facing
such a complex problem as Long COVID.




'No man ever steps in the same
river twice, for it's not the same
river and he's not the same man." ‘

- Heraclitus.

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