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Long COVID — Commonly used

Post-COVID Condition(s) — CDC and WHO
There are
Post-Acute Sequelae of SARS-CoV-2 (PASC) — NIH terminology
many terms
Post-acute COVID-19
u SEd to Long-term effects of COVID
refe r to Post-acute COVID syndrome
POSt'COVI D Chronic COVID
Syn drome Long-haul COVID

Late sequelae



Definitions: Post COVID-19 Condition (PCC)

e |ack of return to a usual state of health following acute
Broad COVID-19 illness.

e PCC occurs in individuals with a history of probable or confirmed

SARS- CoV-2 infection, usually 3 months from the onset of COVID-19
W H O with symptoms that last for at least 2 months and cannot be
explained by an alternative diagnosis.

(Octo be r e Common symptoms: fatigue, shortness of breath, cognitive
dysfunction and generally have an impact on everyday functioning.

202 1) e Symptoms may be new onset following initial recovery from an acute
COVID-19 episode or persist from the initial illness.

e Symptoms may also fluctuate or relapse over time.

e umbrella term for the wide range of physical and mental health
consequences that can be present four or more weeks after infection
with SARS-CoV-2 (new, returning or ongoing symptoms)




Duration of post-COVID conditions can vary

* MOSt patients re.COVGF in 4 WeekS UK Coronavirus Infection Survey: Report of symptoms
and the proportion reporting lasting 4 or more weeks- April 2020 — August 2021
Symﬁtoms ecreases bEtween 4-12 —ggzﬁrt?:i;fai:f:svehz]ttzztlzld positive for COVID-19 = Control participants
weeks .

* Improvement slows around 12 s e
weeks after infection £

.. .. a 12

. Mzgorlty of cases are self-limited E
and resolve or improve in 3-6 < .
months z .

¢ Prolonged relapsing Symptoms may ‘
last > 6 months -

« Women and men follow same 5 8 ; T e
pattern’ but more Women report Source: Office for National Statistics - Coronavirus Infection Survey

symptoms



Harmonized definition: Post COVID-19 condition (PCC)

= New symptoms that affect
everyday function, emerge
within 4 wk to 3 mo after first
being infected and last for at
least 2 months

— Symptoms may fluctuate over
time

— Overlap with prolonged
symptoms post hospitalization

— Cannot be explained by an
alternative diagnosis

www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1.

www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html.

Dermatologic
=  Petechaie

= Livedo reticularis

=  Erythematous rash
. Urticaria

= Vesicles

=  Pernio-like lesions

Cardiac

=  Takotsubo cardiomyopathy

»=  Myocardial injury/myocarditis
=  Cardiac arrhythmias

=  Cardiogenic shock

=  Myocardial ischemia

=  Acute cor pulmonale

Pulmonary

= Chronic cough
=  Shortness of breath
=  Pulmonary fibrosis

Endocrine
=  Hyperglycemia
=  Diabetic ketoacidosis

Neurologic

= Headaches =  Ageusia
=  Dizziness = Myalgia
=  Encephalopathy = Anosmia
=  Guillain-Barré =  Stroke

Thromboembolism
=  Deep vein thrombosis
=  Pulmonary embolism

=  Catheter-related thrombosis

Hepatic
=  Elevated ALT/AST
=  Elevated bilirubin

Renal

=  Acute kidney injury
= Proteinuria

= Hematuria

Gastrointestinal

Diarrhea =  Abdominal pain

Nausea/vomiting =  Anorexia

Slide credit: clinicaloptions.com
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Core Outcome
Set for Adults
with Post

COVID-19
Condition

Munblit D, et al
Lancet Respir Med 2022; 10: 715-24

Physiological or clinical outcomes

Cardiovascular functioning, symptoms, and conditions
Fatigue or exhaustion

Pain

Nervous system functioning, symptoms, and conditions
Cognitive functioning, symptoms, and conditions
Mental functioning, symptoms, and conditions
Respiratory functioning, symptoms, and conditions
Post-exertion symptoms

coN oUW N R

Life impact outcomes
9 Physical functioning, symptoms, and conditions
10 Work or occupational and study changes

Survival
11 Survival

Outcome from previous COS
12 Recovery*®



Challenges in understanding Post Covid Conditions

* Includes a wide range of physical and mental health consequences experienced by
some patients

— Spectrum of physical, social, and psychological consequences

— Conditions are heterogenous and attributable to different underlying
pathophysiologic processes

» Studies include different patient populations

* Assessments of occurrence of symptoms and conditions are done at varying time
points following acute infection, often only once

* Many studies do not include control groups

e Severity and impact of symptoms on quality of life or daily activities not
consistently reported



Prevalence varies widely

* Self- reported symptoms range from 13.3% at > 1 month to 2.5% at > 3
months

 Based on electronic health data

— Of non-hospitalized adults with COVID-19, 7.7% experienced one or
more of 10 identified late-onset conditions 1 to 4 months post infection

— Frequency of at least one symptom at 6 months differs by severity of
acute COVID:

e Overall: 73.4/1,000 patients
* Non-hospitalized: 44.5/1,000 patients
* Hospitalized: 217.1/1,000 patients

* |CU: 360.5/1,000 patients N
Sudre CH et al Nature Medicine 27, 626-631 (2021)

Chevinsky JR et al. Clinical Infectious Diseases 73 (S1) 2021
Xie Y et al. Nature Communications 12, 6571 (2021)



Characterizing Long Covid: a living systematic
review update with controlled studies

e 28 studies included up to Feb 2022: 20 cohort, 5 case-controls, 3 cross-sectional

* With at least 100 people with confirmed or clinically diagnosed COVID; with onset
of symptoms reported at an average of 12 weeks or more post COVID

e 242,715 with Covid-19 and 276,317 controls in 16 countries; 56% female

* Most were of moderate quality (71%). Only 2 in LMIC countries and few included
children (18%).

* Longest mean follow-up time: 419.8 (SD 49.4) days post-diagnosis.

e COVID-19 infection is associated with increased risk (RR 1.53, 95% ClI: 1.50 to
1.56) of experiencing persistent or new symptoms that can last for a year or
more compared with controls

Michelin M, et al. Posted Aug 2022
medRxiv



Long Covid symptoms and signs
Frequency: . Very common . common () Less common

Hospitalised and non-hospitalised people during acute phase of Covid-19

Based on 22 studies with 87,550 people with confirmed Covid-19 compared to 120,118 controls

Nervous system functioning
Dizziness

Gustatory disturbance
Headache

Olfactory disturbance

Cardiovascular functioning
Chest pain
Palpitations

Pain
Joint pain
Muscle pain

Gastrointestinal
Diarrhoea

Loss of appetite
Others

Cognitive functioning
Cognitive impairments
Concentration impairments
Memory impairments

~ I

~
.

Fatigue or Exhaustion
Fatigue

HA

Mental functioning

Anxiety

Depression

Post-traumatic stress disorder
Others

Respiratory functioning
Breathlessness

Cough

Nasal symptoms

Sore throat

Physical functioning
Ambulation loss
Functional loss
Limited activity
Worsened QoL

Other

Chills

Fever

Skin rash

Sleep disturbances

Last updated 22 Feb 2022

Core outcomes with highest

increased risk:

Cardiovascular (RR 2.53 95% CI: 2.16 to 2.96)
Cognitive (RR 1.99; 95% Cl: 1.82 to 2.17)

Physical functioning (RR 1.85; 95% Cl: 1.75 to 1.96)

Michelin M, et al. Posted Aug 2022
medRxiv



e Adults 18-65 years with confirmed SARS-CoV-2

Post-acute infection between October 2020 and March 2021
| £ in 4 regions in southern Germany.
sequelae o . N=1414 7110 partig:ig;nts; 58.8%I feanale; rgjweanh
A ' age 44.1 years; 3.6% previously admitted wit
covid-19 six to covid-19; mean follow-up time 8.5 months
12 months * New symptom clusters: fatigue, neurocognitive
. . impairment, chest symptoms, smell or taste
after infection: disorder, and anxiety/depression persist beyond
Iati six to 12 months after acute SARS-CoV-2 infection
popu ation- * The three most frequent clusters (fatigue,

neurocognitive impairment, chest symptoms)
often interfere with daily life and activities and
often co-occur

* Long term smell and taste disorders are reported
relatively independently of other complaints

based study

thebmj

Raphael S Peter et al. BMJ 2022;379:bmj-2022-071050




Co-occurrence network of symptom clusters 6-12 months after
acute infection.

Concentration

Rapid physical

difficulties Chronic i Fever
fatigue exhaustion o
Chills
Memory o
disturbance
oVomiting
37.2%
Confusion O 31.326 Nausea
2.4%
Shortness Fatigue Chill Stomach ache
: ills or
of breath ° Neurocognitive
30.2% impairment O fever
3.5%
Chest pain, Chest Diarrhea
symptoms O Nausea or
vomiting
5.6%
Wheezin
g o?rtgiltle O oSkin rash
C 23.6% disorder Abdominal symptoms

Altered
smell

Altered
taste
Sleep disorderQ

Depressive mood

Anxiety or
depression

21.1%

Headache or
dizziness

Musculoskeletal
pain

19.9%

16.8%

Anxiety

O

Dizziness Q

Headache

Raphael S Peter et al. BMJ 2022;379:bmj-2022-071050

©2022 by British Medical Journal Publishing Group

Hair loss

O 7.0% O

Paresthesia

Q Rash or paresthesia

10.12%

Hoarseness

O

Upper
respiratory symptoms

®

Sore throat

13.9%

O

Cough

Melalgia

O

Arthralgia
Myalgia




Prevalence of symptom clusters 6-12 months after acute infection and associated loss (%) and population

N=10 268
Average overall
loss of general
health 11.5%,
95% Cl 11.2% to
11.7%

N=10 324
Average overall
loss of working
capacity 10.7%,
95% ClI 10.4% to
11.0%

attributable loss (%) of general health and working capacity

Unattributed

Fatigue

Neurocognitive impairment

Chest symptoms

Smell or taste disorder

Anxiety or depression

Headache or dizzyness

Musculoskeletal pain

Prevalence

8

37.2(36.4t0 38.1)

31.3(30.5t032.2)

30.2(29.4t0 31.0)

23.6 (229 t0 24.4)

21.1(20.4 t0 21.9)

19.9 (19.2 to 20.6)

16.8(16.1t017.5)

Upper respiratory symptoms 13.9 (13.3 to 14.6)

Rash or paresthesia

Hair loss

Abdominal symptoms

Nausea or vomiting

Chills or fever

Raphael S Peter et al. BMJ 2022;379:bmj-2022-071050
©2022 by British Medical Journal Publishing Group

10.1 (9.6 t0 10.7)

7.0(6.5t07.5)

5.6 (5.2 t0 6.0)

3.5(3.2t03.9)

2.4(21t02.7)

Associated

loss (%)

6.1(5.5t06.7)
6.2(5.5t07.0)
4.6(4.0t05.2)
5.9(5.2t06.7)
5.5(4.9t06.2)

4.2(3.7t04.8)
1.4(0.8t02.1)
3.0(2.3103.7)
3.8(29t04.7)
28(2.1t03.5)
3.0(2.1t04.0)
3.3(2.5t04.1)
39(2.9t04.9
23(1.4t03.1)
23(1.3t03.4)
27(1.7t03.7)
40(2.7t05.3)
1.5(0.5t02.4)
24(1.1t03.7)
1.1(-0.2t0 2.5)
2.1(0.4t03.8)
49(2.91t06.8)
6.2(3.6t08.8)
4.6(2.2t07.0)
6.5(3.4t09.7)

0 025 0.50 0.75 1.00 1.25

Population attributable

loss (95% CI)

—&— Health
—~ Working capacity

Population attributable
loss (95% CI)

1.99(1.81t02.17)
1.44(1.22t0 1.66)
2.27(2.07 to 2.47)
2.32(2.09 to 2.56)
1.45(1.28t0 1.62)
1.86 (1.66 to 2.07)
1.67(1.50to 1.84)
0.93(0.74t01.13)
1.00(0.89t01.12)
0.34(0.21 t0 0.48)
0.62(0.50t0 0.75)
0.80(0.65t0 0.96)
0.56 (0.43t0 0.68)
0.61(0.45t0 0.76)
0.56 (0.44t0 0.67)
0.66 (0.51 to 0.80)
0.31(0.22t0 0.42)
0.32(0.20to0 0.45)
0.27(0.18t0 0.36)
0.40(0.30t0 0.52)
0.10(0.05t0 0.16)
0.17(0.09 t0 0.25)
0.06 (0.00to0 0.13)
0.12(0.03 to0 0.20)
0.17(0.12t0 0.23)
0.22(0.14t0 0.30)
0.11(0.06 to 0.16)
0.15(0.09 t0 0.22)

1.50 1.75 2.00 2.25 2.50 2.75




Focus on cognitive symptoms

e Often described as “brain fog” by patients
— Includes difficulty thinking clearly and concentrating, forgetfulness, and memory loss
* The most common impairments reported are in:
* Memory: 92.2%
* Attention: 76.5%
* Fluency: 29.4%
* Executive Function: 25%
* Frequently reported in post-COVID studies of both hospitalized and non- hospitalized

patients
— 18% moderate to severely ill (including hospitalized) reported cognitive symptoms, 9%

mildly ill
— 25% report cognitive symptoms at 1 year follow-up
— Cognitive deficits in 18% after 1 year (more among hospitalized)

1.Caspersen et al. European Journal of Epidemiology 2022
2.Rass et al. European Journal of Neurology 2022



Risk Factors




Factors associated with an increased occurrence
of post-COVID conditions

 Severity of initial infection

* Female sex

* Pre-existing conditions — DM, heart/lung disease, obesity, mental
health disorders, multimorbidity

* Older age

— Increased occurrence among older adults compared to younger adults
— Increased occurrence among adults compared to children

* Infection without evidence of vaccination
— Lower occurrence among adults with infection after vaccination

1Thompson et al. medRxiv doi: 10.1101/2021.06.24.21259277
2Koudi et al. medRxiv doi: 10.1101/2022.01.05.22268800
3 Raphael S Peter et al. BMJ 2022;379:bmj-2022-071050



Post-COVID conditions may occur after vaccine
breakthrough infections

Study of infections after vaccination among healthcare workers in Israel found vaccine
breakthrough cases were generally mild or asymptomatic, but 19% (7/36) had persistent
symptoms at >6 weeks in the setting of alpha variant

UK Case—Control Study (n=906, 1:1 match): individuals with infections after vaccination
are less likely to report prolonged symptoms (2 28 days) compared to persons who are
unvaccinated (OR 0.51, 95% Cl 0.32, 0.82)

US Dept of Veterans Affairs database: Compared to people with SARS-CoV-2 infection
who were not previously vaccinated (n = 113,474), people with BTl had lower risks of
death (HR = 0.66, 95% Cl: 0.58, 0.74) and incident post-acute sequelae (HR = 0.85, 95%

Cl: 0.82, 0.89).

Vaccines prevent post-COVID conditions by decreasing transmission, and lower the
occurrence of post-COVID conditions in persons with infection after vaccination (who
tend to have milder infections) than infections in persons who are unvaccinated

— Whether this association changes with the emergence of new variants is unknown
1.Bergwerk NEJM 2021

2.Antonelli Lancet ID 2021
3. Al-Aly Nature Medicine 2022



Symptom Frequency in Vaccinated and
Unvaccinated Individuals

30- B Uninfected

28 B Vaccinated with 2-doses
26 B Vaccinated with 1-dose
24 - B Unvaccinated

Symptom Frequency (%)
'—\
[0}
1

Limb Muscle Loss of Hair Loss Insomnia Dizziness Persistent = Shortness
Weakness Pain Concentration Cough of Breath

Fatigue Headache

*Significantly less frequent among those vaccinated with two doses compared to those unvaccinated

Kuodi. medRxiv. 2022;[Preprint]. Note: this study has not been peer reviewed. Slide credit: clinicaloptions.com
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Long COVID and COVID-19 Vaccination

" Long COVID can occur after a
breakthrough infection, but

rates are consistently lower in

vaccinated vs unvaccinated
persons

= 2 doses of SARS-CoV-2
vaccine is protective against

some postacute sequelae of
COVID-19, but not all

Kuodi. medRxiv. 2022;[Preprint]. Note: this study has not been peer reviewed.

Taquet. medRxiv. 2021;[Preprint]. Note: this study has not been peer reviewed.

Respiratory failure
Intubation/ventilation
Hypoxemia

Seizures

ICU admission
Psychotic disorder
Hair loss

Death

Myocarditis

Urticaria

Myoneural junction/muscle disease

yalgia
Hypercoagulopathy/DVT/PE

Cerebral hemorrhage
Anosmia

Nerve/nerve root/plexus disorder

Oxygen requirement
_Ischemic stroke
Interstitial lung disease
Coronary disease
Fatigue

Other pain
Hospitalization
Cardiomyopathy
C_o%]mtlve symptoms
Peripheral neuropathy
 Arrhythmia
Kidney disease
Liver disease
Cardiac failure
Sleep disorders
Abnormal breathing
Type 2 diabetes mellitus
Obesity

Chest/throat pain

Joint pain

Hypertension

Long COVID feature (any)
Hyperlipidemia

GERD

Abdominal symptoms
Mood disorder
Anxietxldisorder
eadache
Anxiety/depression

L

J 1 1 T
0.6 0.7 0.8 o.al.o 1.2

R

Contribution
1.00

0.75
0.50
0.25
0

Slide credit: clinicaloptions.com
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Pathophysiology




Potential Causes of Long COVID - Pathophysiology

® Direct neuro-invasion
= Dysregulated immune response
= Auto-inflammation

= Lingering virus in
immunologically privileged sites

= Endothelial injury, ongoing
endothelial dysfunction

" Post-ICU syndrome

Akselrod. IDWeek 2021. Chasing the Sun presentation.

www.sciline.org/covid-19/emerging-challenges/. Proal. Front Microbiol. 2021;12:698169.

PULMONARY
Alveolar + epithelial damage
Micro- and macrothrombosis

IL-6 and TGF-B damage
Myofibroblast proliferation
Abnormal PFTs

CARDIOVASCULAR
RAAS dysregulation
Viral/inflammatory myocarditis
Conduction system fibrosis
Acute MI £ new HF
POTS

NEUROLOGIC
Viral neurotoxicity

Inflammatory neurotoxicity
Microvascular thrombosis

IMMUNOLOGIC
Autoimmune antibodies
Change in T-cell subsets

Immunosenescence?

Viral persistence?
MIS-C

Neurodegeneration?

ENDOCRINE
Thyroiditis
Diabetes type 1 and 2
Menstrual cycle irregularity
Gl dysregulation

Slide credit: clinicaloptions.com
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Management of Post COVID
Conditions



Clinical Management of Long COVID

=" Long COVID conditions can be managed by primary care providers
— Patient-centered approaches to optimize QoL and function
" Laboratory values and imaging are not the only measure of a patient’s well-being

— Lack of abnormalities does not invalidate a patient’s symptoms

Conservative diagnostic Majority of cases are self-limited and Prolonged, relapsing symptoms may last >6 mo
approach; most cases will resolve resolve or improve in 3-6 mo

I0-4 wkI

\ 4

|
>4-12 wk I >12 wk I >6 mo

= Set achievable goals via shared decision-making
— Specific symptom amelioration

— Management plan to improve physical, mental, and social well-being
[©

www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/post-covid-clinical-eval.html. . . o .
Slide credit: clinicaloptions.com

www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/post-covid-management.html.
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Table 1a. Basic diagnostic laboratory testing to consider for patients
with post-COVID conditions

Category

Blood count, electrolytes,
and renal function

Liver function

Inflammatory markers

Thyroid function

Vitamin deficiencies

Laboratory Tests

Complete blood count with possible iron studies to
follow, basic metabolic panel, urinalysis

Liver function tests or complete metabolic panel

C-reactive protein, erythrocyte sedimentation rate,
ferritin

TSH and free T4

Vitamin D, vitamin B12




Table 1b. Specialized diagnostic laboratory testing to consider for
patients with post-COVID conditions

Category Laboratory Tests

Rheumatological Antinuclear antibody, rheumatoid factor, anti-cyclic
conditions citrullinated peptide, anti-cardiolipin, and creatine
phosphokinase

Coagulation disorders D-dimer, fibrinogen

Myocardial injury Troponin

Differentiate symptoms B-type natriuretic peptide
of cardiac versus
pulmonary origin




Table 2a. Selected assessment tools for evaluating people with post-
COVID conditions

Category Tools

Functional status or Patient-Reported Outcomes Measurement
quality of life Information System (PROMIS) (e.g., Cognitive
Function 4a)

Post-Covid-19 Functional Status Scale (PCFS)
EuroQol-5D (EQ-5D)

Respiratory conditions Modified Medical Research Council (mMRQC)
Dyspnea Scale

Neurologic conditions Montreal Cognitive Assessment (MoCA)
Mini Mental Status Examination (MMSE)
Compass 31 (for dysautonomia)

Neurobehavioral Symptom Inventory

Psychiatric conditions Generalized Anxiety Disorder-7 (GAD-7)
Patient Health Questionnaire-9 (PHQ-9)
PTSD Symptom Scale (PSS)

Screen for Posttraumatic Stress Symptoms
(SPTSS)

PTSD Checklist for DSM-5 (PCL-5)
Impact of Event Scale-Revised (IESR)
Hospital Anxiety and Depression Scale (HADS)

Other conditions Wood Mental Fatigue Inventory (WMFI)
Fatigue Severity Scale
INnsomnia Severity Index (ISI)

Connective Tissue Disease Screening
Questionnaire




Long COVID Treatments Under Consideration

= |nvestigational agents for long COVID = Currently available drugs being studied

— LYT-100

— Deuterated pirfenidone
— Leronlimab B
— CCR5 antagonist
— LMWEF5A -
— Anti-inflammatory peptide
— SNGO001 -

— Inhaled interferon beta —

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8277229/

to treat long COVID

Budesonide (inhaled)
Colchicine

Fluvoxamine
Monoclonal antibodies
NSAIDS

SARS-CoV-2 vaccination
Sirolimus

Statins

Vitamin D

Slide credit: clinicaloptions.com
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In the pipeline

HEAL-COVID will recruit and randomize 2,000
hospitalized COVID-19 survivors who are on
track to be discharged. Volunteers will receive
standard of care or one of three treatments.

Apixaban, a factor Xa-inhibiting
anticoagulant

Atorvastatin, a lipid-lowering HMG-CoA
reductase inhibitor with pleiotropic effects,
might provide benefit by acting as an anti-
thrombotic, an anti-inflammatory and by

improving endothelial function. Long COVID’ longR&D agenda/

As researchers work to understand the biology and epidemiology of post-acute COVID-19, a pioneering platform trial is now

testing treatments to try to address the long-term complications of infection in previously hospitalized individuals.

Research on biomarkers, genetic and immune
mechanisms

GINCO Cohort e-ASIA



Preventing Long
COVID

Protect yourself and others from \
becoming infected.

 Stay up to date with vaccines.
Boost immunity with vaccines.

* Improve air quality by opening
windows and using adequate
filtration

e Wear mask in crowded areas
* Hand hygiene




Thank you!



