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Objectives

At the end of this talk, you should understand

* Common symptoms of Long COVID, or Post-Acute Sequalae of COVID-19 (PASC)
* Proposed mechanisms and host predictors underlying PASC

* Therapeutics targeting some of the common PASC manifestations

* Prevention strategies for PASC

Conflicts of Interest

I am a co-PI of an NINDS R21 evaluating long term neurologic effects following COVID-19.

| am a sub-investigator on Janssen's COVID-19 vaccine trial (NCT04509947) and other
treatment trials that | will not be discussing.
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CC: 49yoM with shortness of breath

49yo man presents with 7 days of progressive shortness of breath, 4
days of productive cough, pleuritic chest pain, and dyspnea on
exertion. He bought a home oximeter, which showed Sa02 of 68%;
feeling this couldn’t be correct, he came to the ED for a recheck.

Review of systems: + chills, diaphoresis, sore throat, cough, shortness of breath,
chest pain, myalgias, denies fever, abdominal pain, diarrhea, rash

Past Medical History: NIDDM, HgbA1lc 7.2 (May 2020)
Medications: Glipizide 2.5mg daily, Metformin 1000mg BID, Atorvastatin 10mg daily

Social History: Married but separated, sexually active with women, lives with his

adult daughter, no tobacco or alcohol use, works as a truck driver

CC: 49yoM with shortness of breath

Physical Exam:
T37.3°C(99.1 °F) WT 94.2kg (BMI 31 kg/m?) HR 112 BP 126/89 RR 24 Sp02 72%

Gen: in acute distress, tachypneic, speaking in 3-4 word sentences
HEENT: normal, op clear

CV: Tachycardic, regular, no murmurs

Pulm: Normal breath sounds, good air movement bilaterally throughout
Abd: nontender, nondistended, no rebound, no guarding

MSK: no swelling, tenderness, or deformity, delayed cap refill

Neuro: alert and oriented, grossly intact, no focal deficits

S:

WBC7.5| Hgb 11.6 139|103 | 0.47
84.7% pmns 281
9.1% lymphs 41|25 12

Plt 344
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CC: 49yoM with shortness of breath

CC: 49yoM with shortness of breath

What is the most likely diagnosis in January 20197
. Influenza A

A

B. Parainfluenza

C. Respiratory Syncytial Virus
D

. Rhinovirus
E. SARS-CoV-2 (COVID-19)
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CC: 49yoM with shortness of breath

What is the most likely diagnosis in January 20197

A. Influenza A oy
B. Parainfluenza i o :
C. Respiratory Syncytial Virus o |
D. Rhinovirus J/\\ | H
E. SARS-CoV-2 (COVID-19) [ AL 'Y L A CESON SR W 1y

Anchi et al, Lancet Microbe Oct 1 2020;1(6):E254-62
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CC: 49yoM with shortness of breath
What is the most likely diagnosis in January 20217
A. Influenza A
B. Parainfluenza
C. Respiratory Syncytial Virus
D. Rhinovirus
E. SARS-CoV-2 (COVID-19)
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COVID on the ground...

9
Behind the Covid door:
X e >
10
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Coronavirus Infectious Disease 2019 (COVID-19)

12/31/2019 atypical pneumonia identified in Wuhan, China B in China
o, 1/13/2020 Case in Thailand
1/20/2020 15t Case in Washington State, US [ outside China
1/30/2020 WHO declared Public Health Emergency of
14000 International Concern
e | 2/27/2020 updated global risk to High Risk
2/29/2020 15t US death
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https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases
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COVID-19 Cases
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4000000

Number of cases

1000000

https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases, accessed 10/8/21
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COVID-19 Deaths
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, accessed 10/8/21
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@ COVID-19 Dashboard by the Center for Systems Science and Engineering (C: at Johns Hopkins University (JHU)

4,811,564 6,337,686,126

| Deaths by 28-Day Cases 28-Day Deaths 28-Day Vaccine Doses Administered

Country/Region/Sovereignty 232,080 784,110,743

us

28-Day: |
53,583

Totals: | 703,412

Weekly Cases

United Kingdom
28-Day: | 3,780
Totals |137,378

India

28-Day: | 8,218
Totals: | 449,260

Turkey
28-Day: 16,532
Totals: 164,909

Brazil
28-Day: | 14,342
Totals | 598,152

Russia
28-Day: | 22,384
2 | 207,932

Philippines
28-Day: 14,491
Totals: 138,828

Weekly Doses Administered

Iran
4

COVID-19 Dashboard by the Center for Systems Science and Engineering at Johns Hopkins University, accessed October 5, 2021
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Maryland Coronavirus Cases

New reported cases

Alltime  Last 90 days

DAILY AVG. ON OCT. 4 140

Cases 1,224
Tests 36,230 +17%
Hospitalized 1,023
Deaths 14 10,49
NYTimes , accessed Oct 5, 2021
Maryland COVID-19 Data Dashboard, , accessed Oct 5, 2021
IMHE Health Data , accessed Oct 5, 2021
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1
New reported cases Vaccinations
Alltime  Last 90 days AT oA ot ot [R—
_“';j‘t( aages  71% 64%
12anawp  83% 75%
— —
ssandup  97% 91%
—
Daily deaths
Tests
M W -
;//mﬁf :
3
Cases i
Tests ‘. !
Hospitalized | B = -
Deaths . — - - e - e
NYTimes , accessed Oct 5, 2021
Maryland COVID-19 Data Dashboard, , accessed Oct 5, 2021
IMHE Health Data , accessed Oct 5, 2021
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COVID-19 Spectrum of lllness

+ ~80% mild-moderate Mortality by age
» 13.8% severe 80+
- dyspnea, RR 230/minute, 02 sat 2 60- O COVID-19
<93%, Pa02/FiO2 ratio <300, & MERS
and/or lung infiltrates >50% of the 40 - SARS
lung field within 24-48 hours
* 6.1% are critical 2
« respiratory failure, septic shock, 0
and/or multiple organ 0 20 40 60 80

dysfunction/failure Age group

+ Crude CFR 1.4-4%

Wu, Z. et al. Characteristics of and Important Lessons From the Coronavirus Disease 2019 (COVID-19) Chan-yeung M, Xu R. SARS: epidemiology. Respirology 2003;8:59-514.
Outbreak in China; Summary of a Report of 72,314 Cases From the Chinese Center for Disease Control MERS mortality by age curtesy of Vineet Menachery (personal communication)
and Prevention. JAMA. Feb 24, 2020.
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C|inica| COU rse 191 patients in 2 hospitals in Wuhan, China
* 137 discharged, 54 died (28%)

Survivers

Fever

Cough

Dyspnoea

ICU admission

Systematic corticosteroid
SARS-CoV-2 RNA positive
Daysafterillnessonset  pay1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Day10 Dayll Day12 Day13 Day14 Dayl5 Day16 Dayl7 Day18 Day19 Day20 Day2l Day22

Sepsis  ARDS Discharged

Non-survivors

Fever

Cough

Dyspnoea

ICU admission

Invasive ventilation

Systematic corticosteroid
SARS-CoV-2 RNA positive
Days afterillnessonset Day1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Dayl0 Day1l Day12 Day13 Day14 Day15 Day16 Day17 Day18 Day19 Day20

Sepsis ARDS T T Death
Secondary infection

Acute kidney injury
Acute cardiac injury

Zhou F,YuT, DuR, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 2020;6736:1-9.
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COVID-19 Cases and Deaths Stratified

Mortality by Age Among COVID-19 Hospitalized Patients

100%
80
60
40
20
0% -+
2 2 a2 142 308 2875
220 308 2640 as47 6440

Percentage
*# *

*

*

Expired 1183 3412 032

Did not expire - - o055 11768 0443 8840
Less 10-19 20-29 30-39 40-49 50-59 60-69 70-79  80and

than 10 Older

Age (Years)
Mortality Status W Expired @ Did not expire

Goodman KE, Impact of Sex and Metabolic Comorbidities on COVID-19 Mortality Risk Across Age Groups: 66,646 Inpatients
Across 613 U.S. Hospitals. Clin Infect Dis. 2020 Dec 18:ciaal1787. doi: 10.1093/cid/ciaal1787.
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CC: 49yoM with shortness of breath

Clinical Course:
1/18 Presented to the ED with hypoxia, placed on 6L NCO2, tested COVID-19 +, started steroids

1/19 Admitted to ICU, 1 work of breathing with SpO2 60-70%, required HFNC at 40L/100%, started
remdesivir

1/21 Required intubation, mechanical ventilation
1/24 Developed fevers to 39.7 °C (103.5 °F), sputum cultured

1/25 Sputum grew Klebsiella pneumonia, imaging suggestive of superimposed ventilator-associated
bacterial pneumonia

2/11 Tracheostomy placed to facilitate slow wean from ventilator
2/15 Weaned to trach collar

2/21 Decannulated

2/22 Discharged to rehab facility

20
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CC: 39yoW with headaches, palpitations

39yo woman presents with 6 month history of dyspnea on exertion, fatigue, daily headaches, palpitations, and
“brain fog.”

Diagnosed with Covid 6 months ago: develop symptoms and tested negative, but symptoms (cough, shortness
of breath, and diarrhea) progressed and she tested positive three days later. Not admitted, required no oxygen
or Covid-specific therapy. Previously played soccer with her son, now gets short of breath climbing a flight of
stairs. Using her albuterol inhaler now ~5x per day, previously just 3-4x per year, predominantly in the winter
months.

Review of systems: No fever/chills/night sweats, + fatigue, no chest pain, +palpitations, no cough, + shortness
of breath especially with mild exertion, +memory loss, +brain fog

Past Medical History: Hypothyroidism, migraines, seasonal allergies, asthma (previously albuterol 3-4x/yr, now
several times daily), CKD, obesity

Medications: levothyroxine, albuterol, duloxetine, gabapentin, nortriptyline, fluticasone, OCP

Social History: Married but separated, 9 year old son, denies tobacco/illicits, social alcohol, pet goldfish,
employed at a desk job for the DoD, working from home since April 2020

Family History: COPD in her mother, maternal grandmother

21
CC: 39yoW with headaches, palpitations
Physical Exam: T 37 °C (98.6 °F) WT 83.9kg (BMI 28.9 kg/mz) HR 112 BP 133/87 RR 16 Sp02
100%
Gen: No acute distress,
HEENT: normal, op clear
CV: Tachycardic, regular, no murmurs
Pulm: Dry cough, pleuritic chest pain with deep breathing
Abd: nontender, nondistended, no rebound, no guarding
MSK: no swelling, tenderness, or deformity,
Neuro: alert and oriented, grossly intact, no focal deficits
Labs: TSH 0.955 T4 1.19
Imaging: VQ Scan — negative for pulmonary embolism
PFTs — within normal limits
22
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CC: 39yoW with headaches, palpitations

Which is a potential cause of her symptoms?

A. Chronic Obstructive Pulmonary Disease

B. Pulmonary embolism

C. Thyroid dysregulation

D. Depression

E. Post-Acute Sequelae of SARS-CoV-2 Infection

23

CC: 39yoW with headaches, palpitations

Which is a potential cause of her symptoms?

A. Chronic Obstructive Pulmonary Disease
B. Pulmonary embolism

C. Thyroid dysregulation

D. Depression

E. Post-Acute Sequelae of SARS-CoV-2 Infection
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What happens after COVID-197

* Beginning in early summer 2020, some

patients started reporting

prolonged COVID symptoms, often waxing and waning after they

initially recovered from COVID-19.

* Ed Yong, "COVID-19 can last for several months" in The Atlantic June 4, 2020
* Ed Yong, "Long-Haulers are redefining COVID-19" in The Atlantic August 19,

2020

* Callard and Perego, “"How and why patients made Long Covid,” in Soc Sci Med,

2021 Jan;268:113426

Contents lists available at

Social Science & Medicine

Felicity

o

£ 50 ~

g journal homepage: o~ @
Short communication )}
How and why patients made Long Covid -

ard "', Elisa Perego

25

What happens after COVID-197

Post-COVID conditions have a wide range of names, including

* long COVID .
* post COVID-19 syndrome (PSC) .

chronic COVID

long-haul COVID

¢ post-acute sequelae of SARS-COV-2 infection (PASC)

nature reviews drug discovery

Explore content ¥ About the journal ¥ Publish with us v Subscribe

nature * nature reviews drug discovery > news > article

NEWS v 1

Long COVID’s long R&D agenda

Asresearchers work to understand the biology and epidemiology of post-acute COVI
apioneering platform trial is now testing treatments to try to address the long-term
complications of infection in previously hospitalized individuals.

https://www.nature.com/articles/d41573-021-00069-9

The R&D agenda

The difficulties of studying long COVID — a term first coined by a patient on Twitter — start
with definitions.

“Long COVID doesn't really have ameaning: it's used to cover a whole soup of stuff” says
Summers. All sorts of individuals have adopted this term, from patients who were
hospitalized owing to severe COVID-19 to those who had milder or even asymptomatic
infections, with or without a positive SARS-CoV-2 test. The symptoms reported,
meanwhile, affect nearly every organ system.

‘Post-acute’ COVID-19 — the umbrella term embraced by the NIH to capture prolonged
healch abnormalities in people who have been infected with SARS-CoV-2 — covers a broad
space as well. Itincludes not just long COVID, but also the effects of potentially overlapping
sequelae like post-intensive care syndrome (PICS), a condition associated with treatment
inanintensive care unit.

26
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COVID-19 Timecourse

Viral load 3

SARS-CoV-2
exposure

| Acute COVID-19 [ Post-acute COVID-19
Subacute/ongoing COVID-19 [ Chronicipost-COVID-19 |
[ Detection unlikely | PCR positive PCR negative
E 9 Y Fatigue
' Decline in quality of lile
| Muscular weakness
[ Joint pain

[ Week-2 | Week-1 | Week1 Week2 | Week3

“ >+
Before symptom onset

Dyspnea

Cough
Persistent oxygen requirement

Anxiety/depression
Sleep disturbances

FTSD
Cognitive disturbances (brain fog)
Headaches

Palpitations
Chest pain

Thremboembolism
Chronic kidney disease

Hair loss

Wesk 12

>

After symptom onset

Nalbandian, A., Sehgal, K., Gupta, A. et al. Nat Med. 2021
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What happens after COVID-197

involvement and significant disability.

* Brain fog

. Dep.ressmn + Chest pain «  Shortness of breath
/—\nXIetY +  Paloitations *  Exercise intolerance

¢ Confusion p K ¢ Cough

*  Neurocognitive * Tachycardia

* Dyspnea
¢ Hoarseness

¢ Orthostatic

impairment !
Hypotension

¢ Headache
*  Persistent loss of
smell/taste

Patients with PASC can present with prolonged multisystem

’

— 7&
*  Exercise intolerance *  Swelling

*  Fatigue * Redness
*  Muscle aches

Seessle, et al, “Persistent Symptoms in Adult Patients One Year After COVID-19: a prospective cohort study,” in CID Jul 2021

28
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What happens after COVID-197

* Centers for Disease Control and Prevention (CDC) specified
* Symptoms >4 weeks meet criteria for PASC
* >4 weeks but <12 weeks is "subacute”
* >12 weeks is “chronic”

* In December, 2020, the National Institute for Health and Care
Excellence (NICE), the Royal College of General Practitioners
(RCFP), and the Scottish Intercollegiate Guidelines Network (SIGN)
established a definition of so-called "Long COVID."

* "Signs and symptoms that develop during or after an infection consistent with

COVID-19, continue for more than 12 weeks, and are not explained by an

alternative diagnosis.”

,” National Institute for ( i General Practitioners
o Health and Care Exce Scottish Intercollegiate Guidelines Network

'.
’ D N IC E Royal College of @ S l G N
llence

nnnnnnnnnnnnnnnnn
nnnnnnnnnnnnnnnnnnnn
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PASC: Scope of the Problem

* To date, there are more than At risk for PASC:
* 235 million cases of COVID-19 globally - 70-188 million
* 44 million cases of COVID-19 in the US —13-35 million

* Between 30-80% of patients diagnosed with COVID-19 have one or
more symptom of post-acute COVID-19

* This is the next public health crisis!

Lopez-Leon et al, “More than 50 Long-term effects of COVID-19: a systematic review and meta-analysis,” medRxiv. 2021 Jan 30 doi: 10.1101/2021.01.27.21250617. Preprint
Proal and VanElzakker, “Long COVID or Post-acute Sequelae of COVID-19,” in Front Microbiol Jun 2021 doi:10.3389/fmicb.2021.698169

30
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Long Term Sequelae following COVID-19

Symptoms Acute COVID-19 phase | Post-COVID-19 follow-up
Fatigue

Dyspnea
Joint pain
Chest pain
143 patients with recovered COVID-19, ~2 months
post diagnosis,

* 84.4% having 1 or more persistent symptoms

Cough

Anosmia

Sicca syndrome
Rhinitis

Red eyes
Dysgeusia
Headache
Sputum production
Lack of appetite
Sore throat
Vertigo

Myalgia
Diarrhea

80 60 40 20 0 20 40 60 80
Patients with symptom, %

@ JAMA Network

From: Carfi, et al, Persistent Symptoms in Patients After Acute COVID-19
JAMA Netw Open. July 9, 2020 324(6):603-605. doi:10.1001/jama.2020.12603
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Long Term Sequelae following COVID-19

m Percentage of participants who reported COVID-19 symptoms during acute illness and at follow-up
Il Mild illness, acute COVID-19 symptoms [ Mild illness, post-COVID-19 symptoms
100 [ severe illness, acute COVID-19 symptoms || Severe illness, post-COVID-19 symptoms
80
= 60
w
€
a
5 40
. I IHIII B B B8 - N HE. II- oal RN I_
Fatigue  Lossof Headache Trouble — Muscle Sore Cough Runny  Diarrhea  Earpain  Sweats Rash Chillsor  Feeling  Nausea
sense of breathing  or body throat nose shivering  feverish
taste or smell aches
Symptoms

177 Patients surveyed 4-6 months after initial diagnosis

i From: Logue, et al, Sequelae in Adults at 6 Months After COVID-19 Infection
@ sAva Network ; “
JAMA Netw Open. Feb 19, 2021;4(2):€210830. doi:10.1001/jamanetworkopen.2021.0830
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Long-term effects of COVID-19 4% 1_2.7!‘ =
Y Ve AT Metanalysis of 47,910 patient reports with
Fatigue = ... 16% .
) 7w | ongoing symptoms
Wt
S ' i * Estimates 80% have one or more symptoms
23% e 25% 12%
s (T e (P ) AR [ * Assessed 2-13 weeks post-COVID
3% o/ B T | 1%
e v\ 16% = * Most common symptoms were
== ax Mausea — g‘x .
cosh i o o) [ * Fatigue (58%)
P ’ = e
4 6% > s = * Headache (44%)
} § Lo e
j - -  Attention disorder (27%)
r ® - = * Hair loss (25%)
4 Oazres
e 1% 12%
& e g8 * Shortness of breath/Dyspnea (24%)
12% 2%
Digestive Sl
e . =
Tan =
%
— Iaﬂ! oco
e 1%
PTSD
0.3% Lopez-Leon et al, “More than 50 Long-term effects of COVID-19: a systematic review and meta-analysis,”
S Scientific Reports. 2021
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BROWSE PUBLISH ABOUT
P LOS M E D I C I N E Fig 1. Incidence of each long-COVID feature in the 180 days after COVID-19.
ChestThroat pain I

& oPenaccEss B PEERREVIEWED I

RESEARCH ARTICLE Abnormal breathing

Incidence, co-occurrence, and evolution of long-COVID s ndominal symptoma I
features: A 6-month retrospective cohort study of 273,618 o I
survivors of COVID-19

M Taquet &), Quent

Dercon, Sierra Luciano, John R. Geddes, Masud Husain, Paul J. Harrison Anxiety/Depression -

d: September 28, 202 {s 30I.01g ).1371/journal. pmed. 1003773
Pain I
. Cognitive symptoms
Retrospective cohort study " I
e Electronic health records of 81 million patients Myalgia ‘

273,618 COVID-19 survivors _

¢ Evaluated incidence of 9 long COVID-19 symptoms

4] 20 40
*  Breathing difficulties *  Myalgia Incidence (3]
* Fatigue/malaise ¢ Other pain 508 iyt 90-180 days orty [l 1-90 and 90160 s
* Chest/throat pain ¢ Cognitive symptoms
* Headache * Anxiety/depression

¢ Abdominal symptoms

Taquet et al. (2021) PLOS Medicine 18(9): 1003773,
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Fig 2. Comparison of Long COVID-19 and Influenza
T-180 days Tollow-up
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Fig 5. Spider plots summarizing the HRs for each long-COVID feature in
subgroups based upon sex, age, and severity of COVID-19.

AbooMuSl Symploms Ancety Dapeesson

Thale vs Female.
Aol roathing

Cogritive sumploms ChastTivoat pain

atique Fain
ns.

Headache Myaigia

Abdominal symptoms AnxietyDepeession

Hospitalization vs No Hospitalization

Aonormal treathing

atigue Pain

Headachs Myaigia

Abdomal sympioms AnxielyDepeossion

"RG0 A5+ v5 AQE T0-40
Abnemal breatring
Cogritive smpioms

Farigua Pain

ChesuThvoat piin

Headache Myaigia

‘Abdominal symptams. AnsietyDepressian

ITU admission vs No ITU admission
Abormal breathing

Cogniive svmpsoms Chess/Thioat pain

Fatigue.

Headache. gk

Abdaminal symptoms  Ansety/Degression

Taquet et al. (2021) PLOS Medicine 18(9): e1003773.
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of Cardiovascular Disease is High

The Burden

Stroke
Corsbrovascular
A
st
iraton
S
tachycanda
" Sivws
Oyshythmis o carda
Ventrcuiar
armyhmas
Al futter
Parcarai
R
heart
o) Myocardss
Acule coronary
dnease
Myocarda
e Ot
L] e
cardomyopathy
Angra
Hoan faikurs
Pion-scherme:
Other  candomyopathy
cantiac
HOrder  Cardiac arrest
Cardiogens
‘hock
Pumanary
Thombotie  Deep ven
onorders  meomooan
Supertcial ven
rombca

TH'TI“TF‘“[[[‘T

Cerebrovascular

Dysrhythmia

Inflammatory
heart
disease

Ischemic heart
disease

Other cardiac
disorders

Thrombotic
disorders

MACE

Any
cardiovascular
outcome

B Non-hospitalized
lized

Lo

o

061 3

150 50 150 300

o

2 P
MR (95% CI)

s 0
Burden per 1000
persons (5% C)

B Hospitalizs Burden per 1000
5 icu RES%CD persons (95% CI)
‘5 Al-Aly et al. One-year Risks and Burdens of Incident Cardiovascular Disease in COVID-

19: Cardiovascular Manifestations of Long COVID, Preprint, October 2021

37

The Burden of Disease is High

Hazard ratio
(95% confidence
interval) ¥

Incident rate per 1000 at 6-
months in COVID-19 group
(95% confidence interval) *

Incident rate per 1000 at 6-
months in comparison group
(95% confidence interval) ¥

Excess burden per 1000
at 8-months (95%
confidence interval) ¥

1.59 (1.46, 1.73)

1.20 (1.19, 1.21)

22.77 (20.90, 24.81)

946.69 (94494, 948.41)

14.38 (13.19, 15.68)

913.48 (911.11, 915.81)

8.39(7.09, 9.58)

33.22 (30.89, 35.58)

Cohort Outcomes

COVID-19 Death

VS,

VHA users * Outpatient
encounter

Hospitalized

COVID-19 Desth

VS,

hospitalized

seasonal encounter

influenza t

1.51(1.30, 1.76)

1.12(1.08, 1.17)

87.92 (76.11, 101.47)

990.32 (988.50, 991.90)

59.13(51.07, 68.41)

983.95 (981.28, 986.30)

28.79 (19.52, 36.85)

6.37 (4.01,9.03)

Al-Aly et al. “High-dimensional characterization of post-acute sequelae of COVID-19,” in Nature, June 2021
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CC: 39yoW with headaches, palpitations

Which is a risk factor for our patient to develop PASC?

Age

. Gender

. Severity of initial COVID presentation

Whether received COVID-specific antiviral therapy
BMI

moo® >

39
CC: 39yoW with headaches, palpitations
Which is a risk factor for our patient to develop PASC?

A. Age
B. Gender
C. Severity of initial COVID presentation
D. Whether received COVID-specific antiviral therapy
E. BMI
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CC: 39yoW with headaches, palpitations

Which is a risk factor for our patient to develop PASC?

Age

Gender

Severity of initial COVID presentation

Whether received COVID-specific antiviral therapy
BMI
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What predicts symptom persistence?

Study of 1733 patients discharged post-COVID and assessed symptoms 6 months post
infection

* Patients requiring ventilatory support (NIV, HFMC, IMV), compared to those who did
not require supplemental oxygen were
* More likely to have any symptoms, fatigue and muscle weakness
* More problems with mobility, pain, discomfort, anxiety/depression
* Reduced distance walked

* Patients requiring supplemental oxygen, compared to those who did not, showed
* Reduced odds of symptoms
* Reduced odds of fatigue/muscle weakness

How do you differentiate symptoms from deconditioning/post-ARDS/post-ICU from PASC?

Huang, et al, “6-month consequences of COVID-19 in patients discharged from hospital: a cohort study.” Lancet. 2021; 397:220-32
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Risk Factors for 6 Month Consequences of COVID-19

Age associated with
worse diffusion
impairment
OR 1.27, p=0.035

Age not associated
with anxiety or
depression

Age associated with
worse CT scan
findings
Beta -4.0, p=0.0032

Age associated with
fatigue and muscle
weakness
OR 1.17, p=0.008

Huang, et al, Lancet. 2021; 397:220-32
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Risk Factors for 6 Month Consequences of COVID-19

Women are more
likely to have
diffusion impairment
OR 2.22, p=0.0071

Women are more
likely to have anxiety
and depression
OR 1.8, p<0.001

Trend towards
women having more
change in CT findings

Beta 6.69, p=0.06

Women are more
likely to have
fatigue/muscle aches
OR 1.33, p=0.016

Huang, et al, Lancet. 2021; 397:220-32
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Does initial severity predict symptom persistence?

Study of symptoms at 6 months found that

* Sleep difficulties, hair loss, smell disorder, palpitations, joint pain,
appetite, taste disorder, dizziness, diarrhea, vomiting, chest pain,
rash, myalgias, usual activity problems, pain or discomfort, quality of
life not different between groups

* Most PFT parameters not different based on severity of acute illness
* Most CT scan findings not different based on severity of acute illness

Huang, et al, “6-month consequences of COVID-19 in patients discharged from hospital: a cohort study.” Lancet. 2021; 397:220-32
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Persistent symptoms perhaps unrelated to severity of illness...
...but associated with age, sex, and frailty
Table 2: Relationship between respiratory outcomes and disease severity
Abnormal chest x-ray Distance at 6BMWT Maximal Borg at 6MWT
OR (95% CI) P value B coefficient (95% Cl) P value B coefficient (95% Cl) P value
Disease Severity
Non-admitted 1.0 (reference) nfa 0 (reference) n/a 0 (reference) n/a
Admitted, non-ICU 2.6(0.5-14.0) 0.26 -23.6 (-69.4 - 22.2) 0.31 -0.15(-1.3-1.0) 0.79
Admitted, ICU 4.9(0.8-30.1) 0.08 -27/1(-85.2-31.0) 0.36 -0.56 (-2.0-0.9) 0.45
Age 1.0(1.0-1.1) 0.39 -1.8(-3.4--0.3) 0.02 0.01 (-0.03 - 0.04) 0.78
Sex, Female 1.1(03-3.9) 0.85 -47.1(-83.4--10.7) 0.01 0.95(0.04-1.9) 0.04
CFS 09(04-21) 0.81 -47.4 (-73.0--21.8) <0.001 0.65(0.01-1.3) 0.048
6MWT = six-minute-walk test, OR = odds ratio, ICU = intensive care unit, CFS = Clinical Frailty Score
Townsend et al. Annals of ATS. 2021
46

CHALLENGES TO THE MANAGEMENT OF POST-COVID SYNDROME - 10.16.21

24



How long do symptoms last?

a. Probability of having symptoms after T b. Symptom severity score over time c. Average number of symptoms over time
1
v No symptom Mild Severe 18
0.8 ‘o- 05 Very mild Moderate  Very Severe
0.96 3 5 16
094 é 04 / Q E
2092 ] g s
= 2 03K c= Not recovered in <90 days
0 09 g Q 12
[ [ v £
0 088 S o, o5
9 e > Ehw
y o
a = - v o
084 8 o é 8
0.82 E o Recovered in <90 days
5 10 15 20 25 30 35 IS £ I £ £ 0% 53 £ I 2 2 %
N I N
=2 2 2 2 2 2 =52 2 2 2 2 2
Weeks of illness (T) Time (since iliness onset) Time (since illness onset)

Davis et al, “Characterizing Long COVID in an International Cohort: 7 months of symptoms and their impact,”
medRxiv. 2021 Apr 5 https://doi.org/10.1101/2020.12.24.20248802 Preprint
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Plausible mechanisms

* Persistent viral reservoir? Viral fragments?

* Clotting-related damage to multiple organ systems?
* Alterations in host microbiome/virome?

* Oxidative stress?

* Auto-immune or immune dysregulated response to the virus?
* Myocarditis
* Neuroinvasive/neurotrophic inflammation
* Disrupting neuroendocrine signaling

Adapted from Proal and VanElzakker, “Long COVID or Post-acute Sequelae of COVID-19 (PASC): an Overview of Biological
Factors that May Contribute to Persistent Symptoms,” in Frontiers Microbiol June 2021:12(698169).
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Differential diagnosis based on symptoms and

biological plausibility

© 5

* Anxiety
Depression *  Myocarditis
PTSD e Cardiac
Stroke Ischemia
POTS
Syndrome

Viral pneumonia
Secondary Infection
Pulmonary Fibrosis
Pulmonary Embolism
Paralyzed diaphragm

* Deconditioning e DVT
* Fatigue

-~/

Nalbandian et al. Nat Med. 2021
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MOCA
HADS * EKG Pulse ox + Vascular
PCL-5 *  Orthostatic blood CXR ° GMWT. . duplex
Neurocognitive pressure CT scan (+/- contrast) * Rehabilitation/PT/OT . C'T’Ape
testing * Troponin *  Full PFT
Psychological * BNP 6MWT
evaluation « TTE
MRI
Nalbandian et al. Nat Med. 2021
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There are no current COVID-specific therapeutic options

51

So what do we do for patients?

Hematology

Consider extended
thromboprophylaxis for
high-risk survivors based on

shared decision-making -

T

Renal

Early follow-up with
nephrologists after discharge for
patients with COVID-19 and AKI

Pulmonary/cardiovascular

Symptom assessment through
virtual/in-person follow-up at
4-6 weeks and at 12 weeks

post-discharge

Dyspnea/persistent oxygen requirement

Consider MWT, PFT, chest X-ray,
PE work up, echocardiogram and
HRCT of the chest as indicated s

Neuropsychiatry

Screening for anxiety,
depression, PTSD, sleep
disturbances and cognitive
impairment

COVID-19 clinic

Primary care

Consideration of early rehabili
Patient education
Consider enroliment in clinical
research studies
Active engagment with patient
advocacy groups

vk W

Multidisciplinary care in a post-
COVID-19 clinic or with a provider
familiar with the disease process

Practice evidence-based medicine
Do no harm
Validate patients fears/concerns

Refer your patients for research and
clinical trials

Nalbandian et al. Nat Med. 2021
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Clinic Models

( RECOVERY: CompREhensive Post-COVID CentER at Yale
B R
Pul Planned Tr
= Pulmonary consultation . 3,6,and 12 mo or *» Transition to primary care
mmm . jective sx assessment as needed per saverity
« Pulse cximeter & incentive -Aml?clxmnpmmwy + Extrapulmonary consultation NG .
spirometry training ST i continue RECOVERY clinic
Initial Diagnostics Behal * Phenotype consistent with
m“m * Repeat imaging (HRCT) :PTP IOI Tmml:-?n specific disease process —
therapy evaluation ':Fr"mm'“”m :’P‘W"l"mw
= * Repeat Lung function testing seasa program !
* Swallow evaluation « PFT &6MWT at 3, 6, 12 mo wu\gdg:'.g-.
Coordination Visit 2 (face-to-face) « CPET for d pati . "
?zmgohmm * Ongoing puimonary care " vascular disease) !
7 * PT/OT assessment
. * Subjective sx assessment * VQ or CTA chest
Outpatients (ongoing sx) * Neurocognitive screening * Transthoracic Echo
* Referral by outpatient * Mental health screening + Cardiac event monitoring
provider, occupational » Additional * Functi rdli ging
medicine provider, health involvement * Neurocognitive testing
system COVID-19 hotline, L L
self
o Multi-disciplinary discussion of active cases
Translational research efforts
Revision of clinic processes to meet patient needs and evolving evidence

Lutchmansingh et al. Chest. 2021

Clinic Model
5 Psychiatry
Psychology
a
Pulmonary PACT el
Homecare (Providers, RN, = 7 eurology
(RPM Program) Telemedicine i
£ Pharmacists, CHW) 3 //
y 2 :
InpatientTeam ani ~” Primary Care
(Provider, Case peega KN Provid
7 Coordinator &S A Nephrology Fover
Managers) 3 N
\ (RN <
\ Homecare PM&R PACT "
(Other) (Providers, 5~ Hematology
(RNs, Therapists) Therapists) X N
N Hepatology
o Otolaryngology
Brigham et al. The American Journal of Medicine. 2021
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Cardiology.
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Ongoing Problems for PASC

* Infrastructure problems

* Not enough interest/expertise in PASC

* Logistical problems
* Who should see these patients?

* How should patients be triaged?

* Knowledge problems
* Who will have PASC? For how long?
* There is no known treatment for PASC.

* Not enough providers, clinic space, or appointments to accommodate new patients

* How do we identify patients most likely to benefit from long term care?

* Good clinical practice will come through large RCTs, but access is a challenge

56
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A Pathway Forward for PASC

* A systematic approach to follow up post COVID-19 illness
* Phone based or virtual screening
* Initial visit (virtually if needed) with PCP
* Systematic assessment of patient's needs
* Referrals if necessary to post-COVID clinics or specialists

* Provide the support/infrastructure for multi-disciplinary clinics

* Reward and incentivize trainees to do primary care and care for
patients with PASC

* Research funding for ongoing investigation into mechanisms
underlying PASC and interventional trials
* NIH RECOVER initiative, among others

57

Current drug trials

* Antifibrotic therapy (LYT-100)

* Nintedanib (stopped for adverse events)

* Naltrexone and NAD+

* Niacin (Vitamin B3)

* Montelukast

* Anticoagulation to treat VTE associated with COVID
* COVID-19 vaccine itself as treatment for PASC?

58
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Vaccination to Treat Long COVID?

response rates

NYTimes, March 17,2021

Some Long Covid Patients Feel Much
Better After Getting the Vaccine

effect on patients with continuing issues, but scientists are
intrigued and beginning to study the phenomenon.

* In early spring 2021, circulating reports on social media suggested
vaccination might partially alleviate PASC symptoms

* On March 17, 2021, the New York Times published about this

* By April 2021, Akiko lwasaki, Eric Topol, and others started a clinical trial
of vaccination for Long COVID patients, reporting preliminary ~30-40%

= .
g L4

! Y

238§

It is too soon to tell whether the shots have a broad beneficial — ‘

“I've heard from people who say they no longer have
‘brain fog,’ their gastrointestinal problems have gone
away, or they stopped suffering from the shortness of
breath they've been living with since being diagnosed
with COVID-19," says Akiko Iwasaki, PhD, who is
focused on generating hard data on vaccinated long-
haulers.

59

Preventing Long COVID

* Preventing COVID infection is the best way
to prevent Long COVID

* Currently >90% of COVID cases occur in

unvaccinated persons

* Breakthrough infections do occur, but are less
severe and less fatal

In a study of 1,497 vaccinated Israeli HCW
* 39 (2.6%) had breakthrough infections
* 19% had persistent symptoms for >6 weeks

Bergwerk, et al NEJM 2021 Jul 28. doi: 10.1056/NEJM0a2109072.

Covid-19 Breakthrough Infections
in Vaccinated Health Care Workers
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COVID Treatments in development

* Merck & Co. and Ridgeback Biotherapeutics called molnupiravir,
* Pfizer, known as PF-07321332
* AT-527, an antiviral produced by Roche and Atea Pharmaceuticals
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There's more to life than COVID-19

FIRST « INION

Collateral damage occurs when doctors
and patients wear ‘Covid-19 blinders’

By RESHMA GUPTA / MAY 4, 2020

Concurrent epidemics:
e HIV/STIs
* Depression
* Substance use disorders
* Influenza

https://www.statnews.com/2020/05/04/collateral-damage-occurs-when-doctors-and-patients-wear-covid-19-blinders/
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In Summary

* It is common for symptoms to persist after SARS-CoV-2 infection

* If symptoms persist more than 4 weeks after COVID infection, this is
called Post-Acute Sequelae of SARS-CoV-2 infection (PASC)

* No specific therapy for PASC; make sure you evaluate for other
common complications/mimics
* Particularly important to assess for clotting problems: DVT, PE, strokes
* Consider enrolling your patients in a study or observational cohort

* Prevention is best: get vaccinated as soon as you are able and
encourage others to as well!

63
Tips for Staying Safe During COVID-19

(or the next emerging infection)

Personal Hygiene & Practices Public Health Authorities
Handwashing/Ha.nd sanitizer 9> % p Isolation/Quarantine
Cough/Sneeze etiquette Control mass gatherings/travel
Stay home when sick Hospitalize
Avoid sick contacts — Contact/Droplet Precautions
Seek medical assistance — PPE

— ICU, mech vent support
Clear & Fast Communication
— Prevent public panic
Diagnostics
Vaccines
Therapeutics
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THANK YOU

Meagan Deming, MD, PhD
Andrea Levine, MD, MHS
Linda Chang, MD, MS

Institute of Human Virology & Center for
Vaccine Development and Global Health
University of Maryland School of Medicine
COVID-19 Providers, Patients, Researchers,

First Responders and Data Fanatics

eleanor.wilson@ihv.umaryland.edu
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NOTES:



l’ﬁMaryland

DEPARTMENT OF HEALTH

Office of Pharmacy Services

201 W. Preston Street, Baltimore, MD 21201

Toll Free: 1-800-492-5231 TTY: 1-800-735-2258
https://mmcp.health.maryland.gov/pap/pages/paphome.aspx
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