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Obtaining Continuing Education

* Continuing education is available for physicians (MD, DO, ND), physician

assistants, nurses (RN, ARNP, LPN), and medical assistants.

Successful completion of this continuing education activity includes the
following:

o Attending the entire live webinar or watching the webinar recording

o Complete the evaluation after the live webinar or webinar recording

o On the evaluation, please check Yes if you're interested in contact
hours and please specify which type of continuing education you
wish to obtain

Please note: CE certificates are NOT generated after evaluation
completion—CE certificates will be sent by DOH within a few weeks
after evaluation completion

Expiration date is 6/29/2024.
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Continuing Medical Education

This activity has been planned and implemented in accordance with the accreditation requirements and
policies of the Accreditation Council for Continuing Medical Education (ACCME) through the joint
providership of the Federation of State Medical Boards, Washington Medical Commission and the
Washington State Department of Health. The Federation of State Medical Boards is accredited by the
ACCME to provide continuing medical education for physicians.

The Federation of State Medical Boards designates this live activity for a maximum of 1.0 AMA PRA

Category 1 Credit™. Physicians should claim only the credit commensurate with the extent of their
participation in the activity.



Continuing Education

This nursing continuing professional development activity was approved by Montana Nurses
Association, an accredited approver with distinction by the American Nurses Credentialing
Center’s Commission on Accreditation. Upon successful completion of this activity, 1.0
contact hours will be awarded.

This program has been granted prior approval by the American Association of Medical
Assistants (AAMA) for 1.0 administrative continuing education unit.
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Disclosures

Dr Helen Chu receives research support from Gates Ventures, NIH, CDC, Gates Foundation,
DARPA, Sanofi-Pasteur, Cepheid and serves on advisory boards for Abbvie, Merck,
Pfizer, Ellume, and the Gates Foundation.

Dr Helen Chu has served as a co-investigator on studies funded by Pfizer, Novavax, and Glaxo
Smith Kline.
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Zoom Housekeeping
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Chat

Show Captions

* Team shares information here * Click to enable automatic
closed captions

&
~
Reactions

» Use for audience participation

* Submit questions to * Click top-right arrow to hide
presenter and team participant reactions
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Participants : Chat Share Screen Record Show Captions  Reactions
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About the Power of
Providers Initiative

* Support and equip health
care providers to serve as
trusted sources of COVID-
19 vaccine information
for their patients and
their communities

* Respond to member
requests for resources

* Work together to
increase vaccine rates
across the state
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Who can join POP?

Current Membership
* 4,500+ individuals
* 400 health care organizations
* 90 different health care roles
* Over 20 partnering health
care associations

'guh ' ¥

Any health care provider who ‘
engages with the people they

:serv.e .about COVII?j19 vaccinations more at doh.wa.gov/ioinpop.
is eligible—the ability to educate

and refer is as important as Fill out thg mem.be.r. 5'8”“0
administering the vaccine! form to join the initiative.

Visit our website to learn
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https://www.doh.wa.gov/pop
https://fortress.wa.gov/doh/opinio/s?s=POP
https://fortress.wa.gov/doh/opinio/s?s=POP

Current Resources

* Webpage to order
free patient

* New resources, . i
handouts, timely and relevant gg?i;isé:;nlgi'her
posters, : updates for resources for
d!cshcurs;:o? grglfles, members providers serving
other materials « Featuring POP Spanish-speaking

doh.wa.gov/form/ member stories in populations
pop-shop Provider Spotlights doh.wa.gov/popesp
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https://doh.wa.gov/form/pop-shop
https://doh.wa.gov/form/pop-shop
https://doh.wa.gov/form/pop-shop

Current Opportunities

* Learn about topics .

* Multi-disciplinary related to COVID :&Z;Sg;ﬁ
group of POP vaccine from engaged in
members who speakers who work conversations with
inform and help in health care

guide our work providers across

* To learn about the state to learn
upcoming topics, about your
register, and view experiences,
recordings, visit challenges, and
doh.wa.gov/pop feedback for DOH
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Peer-to-Peer
Webinars

* Health care providers share
expertise and knowledge with
one another

* DOH provides meeting space
only, not content

Effectively Engaging Communities .
series with Dr Michelle Andrasik: POWER OF PROVIDERS

Peer to Peer knowledge sharing webinar series

Vel HEALTH

e April 19: Building Relationships and
Establishing Trust

* May 10: Addressing Vaccine
Hesitancy ——
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Today’s Presenter

Dr Helen Chu MD, MPH

Professor of Medicine at the University of
Washington.

Earned her M.D. at Duke and her M.P.H at
UW.

Research focus is on preventive
interventions against influenza, RSV and
emerging respiratory viruses, including
SARS-CoV-2. She was a Multiple Principal
Investigator of the Seattle Flu Study,
which first identified COVID-19
community transmission in the United

Interested in defining clinical and
immune correlates of protection against
respiratory viruses and describing
mechanisms of maternal-fetal immunity
against respiratory viruses.




University of Washington
Research Updates on
Long COVID

Helen Y. Chu, MD MPH
Professor of Medicine
University of Washington
March 29, 2024

Washington State Department of Health
Webinar for Power of Providers

UW Medicine SCHOOL OF PUBLIC HEALTH

SCHOOL OF MEDICINE
UNIVERSITY of WASHINGTON




Disclosures

| received research support from Gates Ventures, NIH, CDC,
Gates Foundation, DARPA, Sanofi-Pasteur, and Cepheid and served on
advisory boards for Vir, Abbvie, Merck, Pfizer, Ellume, and the Gates

Foundation.

| have served as a co-investigator on studies funded by Pfizer, Novavax,
and Glaxo Smith Kline.

These studies were funded by the Gates Foundation and NIH.



Outline

* Definitions, risk factors, and clinical
manifestations

e Results from research studies at the
University of Washington

e New clinical trials



Terminology

e Differentterms

* NIH: Post-Acute Sequelae of COVID-19 (PASC)
« CDC: Post-COVID Conditions (PCC)
* Long COVID

* Long-haul COVID

WHO definition: usually three months from the onset of the COVID-19 with symptoms that
last for at least two months and cannot be explained by an alternative diagnosis

CDC definition: symptoms developing during or after COVID-19 infection, but are present
four or more weeks after infection with no alternative diagnosis

 |CD-10: U09.9 - Unspecified Post-COVID Condition



Long COVID Overlaps with Post-Viral Syndromes

e Ebola, SARS, MERS survivors have similar patterns of persistent
symptoms
o Persistent shortness of breath, fatigue, reduced quality of life and
mental health problems after SARS-CoV-1
Chronic fatigue in survivors of MERS in 48% at one year
o Post-Ebola virus syndrome of fatigue, joint and muscle pain (70%),
headache (48%), ocular problems (14%)

e Overlap with myalgic encephalomyelitis/chronic fatigue syndrome
after viral illnesses like Chikungunya, Lyme or Epstein-Barr virus
infection

o Fatigue and myalgias
o Problems with memory/concentration

Nalbandian, Nature Medicine 2021
O’Sullivan, Clinical Medicine 2021
Scott, EID 2016



Long COVID is a multi-organ systemic inflammatory disease

()

NEUROLOGIC PSYCHIATRIC
Brain Fog - MOST COMMON Depression & MOST
Persistent Loss of Smell/Taste Post Traumatic Stress Disorder COMMON

Encephalopathy & Stroke Anxiety
Social Isolation
PULMONARY CARDIO-VASCULAR
Dyspnea & Cough - MOST COMMON Palpitations - MOST COMMON
Chest Pain Myocarditis & Pericarditis
Post-COVID ILD Heart Failure
CUTANEOUS GENERAL
Erythematous Rash MOST Fatigue & Myalgia - MOST COMMON
Urticarial Rash COMMON Joint Pains
Persistent COVID Toes Peripheral Neuropathy
Peripheral Limb Ischemia

Garg M, Int J Gen Med. (2021)



Acute COVID-19 Full recovery

>
Predictors
Demographic factors (age, sex)
Medical comorbidities (obesity, asthma, diabetes)
Acute COVID-19 severity/viral load
Social determinants Time
Vaccination status Symptomatic management
Evolving immune status?
Targeted therapeutics? /
Long COVID atintisod!
7’
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Viral antigen SARS-CoV-2-specific
persistence ‘ and autoreactive
) immune responses
C e .
Systemic and 2t} \ e .--"m Microvascular
tissue-specific = O ; > dysfunction
inflammation H ™ g “,q-,f
~— 8=
Human Dysbiosis
herpesvirus
reactivation

Multiple different
mechanisms
likely account for
the different
manifestations of
long COVID

Proposed contributing mechanisms Peluso & Deeks, Trends Immunology (2022);



Mechanisms of PASC

e \Viral persistence
e Reservoir of replicating virus with associated ongoing inflammation

e Cardiopulmonary disease: Virus-specific pathophysiologic changes,
microvascular thromboembolism, direct myocardial injury

e Autoimmune disease: Immunologic aberrations & inflammatory damage in
response to the acute infection

e Neurologic sequelae

o Microvascular ischemia & injury, immobility, metabolic alterations during critical illness

o Mimics post-chemotherapy brain with elevated CSF cytokines, myelin loss

Nalbandian, Nature Medicine, 2021



SARS-CoV-2 Viral Persistence

Distribution, quantification
and replication of SARS-CQV-2

In autopsy tissues:

* RNA copy number decreases
over time from initial
Infection.

* RNA persists to 230 days
* SgRNA persists to 76 days

Stein SR et al. Nature (2022);
https://doi.org/10.1038/s41586-022-05542-y
Slide courtesy of Jason Goldman, MD, MPH
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https://doi.org/10.1038/s41586-022-05542-y

SARS-CoV-2 Anti-Viral Prevention Strategy

—— JAMA Internal Medicine

Original Investigation

March 23, 2023

&

Association of Treatment With Nirmatrelvir and the Risk

of Post-COVID-19 Condition

Yan Xie, PhD"2; Taeyoung Choi, MPH'"2; Ziyad Al-Aly, MD23:43

Observational data... in high
risk outpatients (>281k
veterans)

Paxlovid given at the time of
Acute COVID-19 reduces risk of
Long Covid:

* Relative Risk of long COVID:
0.74 (95%Cl, 0.72-0.77)

Event rate, %

—
hJ

Any long COVID

18-
No treatment
154
9 Nirmatrelvir
6
3
0 - - |
30 60 90 120 150 180
Days

Xie Y et al. JAMA Internal Medcine (2023)
DOI: 10.1001/jamainternmed.2023.0743
Slide courtesy of Jason Goldman, MD, MPH

Components of long COVID

Cardiovascular

I
Dysrhythmia 0.73 (0.68t0 0.78) o :
Ischemic |
heart disease 0.71(0.63t0 0.79) H i
I
I
Coagulation and hematologic i
I
Pulmonary 0.61(0.51t00.74) e
embolism !
Deep vein |
thrombosis 0.72 (0.56 t0 0.93) -] i
I
I
Fatigue and malaise i
I
Fatigue !
and malaise 0.79(0.73t00.84) ) i
I
I
Gastrointestinal i
Liver disease 0.91(0.81t0 1.02) -
I
Kidney
Acute 0.67 (0.58 t0 0.77) b
kidney injury ’ : 00.
Musculoskeletal
Muscle pain 0.65(0.58t00.72) E |
Metabolic ‘
Diabetes 0.98(0.86 to 1.11) o
I
Neurologic
I
Neurocognitive |
impairment 0.74(0.67 t0 0.83) H i
Dysautonomia 0.86 (0.75t00.97) H 43
I
Pulmonary }
Shortness of breath  0.89 (0.83 to 0.95) |
|
Cough 0.96 (0.88 to 1.04) s
I
0 0.5 1.0

Significant Non-significant
[ significant  [] Non-significan Hazard ratio (95% CI)

1
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https://doi.org/10.1001/jamainternmed.2023.0743

Outline

e Results from research studies at the
University of Washington

e New clinical trials



January 21, 2020

First Patient With Wuhan Coronavirus
Is Identified in the U.S.

A man in Washington State is infected with a new respiratory

virus. Federal officials plan to expand screenings for the infection
at major airports.

'% Give this article F{> m




February 2020: UW study established to enroll individuals
haaryvi with COVID-19

* Blood samples from individuals recovered from COVID-19 were critically needed early in the
pandemic

* To see if vaccines can make the same immune response
* As the source of samples to develop therapies (monoclonal antibodies)
* To understand how long immunity lasts, and identify early markers of severe disease

* Transfer of human samples across international boundaries is challenging

. EarlE/ in a pandemic, research samples were scarce, route of transmission of SARS-CoV-2 was
unclear, and heightened infection control precautions were in place

 Seattle, WA was the location of the first U.S. case of COVID-19

We had an ongoing research study of adults with respiratory viral infections and were able
to work with our infection control, human subjects, and environmental health services
colleagues to start enrolling individuals with SARS-CoV-2 within days



haarvi

Hospitalized or Ambulatory AdultSWwiteREspiFetary Viral Infectisns

First Enrollment of
SARS-CoV-2 inpatient and

case reported in

the us cohorts begins

Feb April May June - Nov Dec Feb 2021 -
2020 2020 2020 2020 2020 Sep 2022

HARVI Study Index patient
launch enrolled in
HAARVI

. Study Milestones

. . Collection of i
Follow-up Begin collection | Begin enroliment
surve f post-vacci monovalent of a pediatric
VS of post-vaccine .
. ; vaccine booster cohort
introduced samples in both
samples
cohorts
*

- —] 1GOT 1GOT . .

bl — MY COVID-19 MY COVID-19

pel— VACCINE wxccms

ﬁ@
@@ 5}
| J

0 g

-

Enroliment of First COVID-19 Cc?s”t(-et():it\lfc;rlle(r)\f( Enrollment of
uninfected vaccines P Flu and RSV
control cohort COVID-19
: become booster vaccine cohort
begins available in the
U.S samples

Antibody escape: Greaney, Cell Host Microbe 2021

Comparison of vaccines: Cameroni, Nature 2021, Bowen Science 2022
Hybrid immunity: Rodda, Cell 2022
Omicron antigenic sin: Addetia, Immunity 2024



h arvi Enrollment and Follow-up

or Ambulatory AdultsitiREspirateRViral IRfeehsns

3‘ AR
c_—

¥ Discharge
Hospitalization from hospital

Enroliment & 60 S0 or 120 6
Acute Draw Day Day Day Menth Final Draw

i

Outpatient

Recruitment
SARS-COVN

Infection
Enroliment & 90 or 120 6
30 Day Draw Day Day Month Final Draw
D_
amn
Recruitment
Enrollment & 60 90 or 120 6
No pl’iOl’ Day O Draw Day Day Day Month Final Draw
SARS-CoV-2

Infection

Inpatients were enrolled
during hospitalization. Loss
to follow up in this cohort
was significant

The outpatient cohort was
enrolled 30 days after initial
infection. Some were
hospitalized during their
acute illness, but no acute
samples were collected

An uninfected control
cohort was concurrently
enrolled



hq!ql !rv- Collection of Symptom Data

ions
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ah

Previously infected
with SARS-CoV-2

Healthy Control

Enrollment

Symptom data is collected at enrollment, and 6-, 12-, 24-, and 36-months
post-infection or post-enrollment



Total Enrollment: 646

. -
- .
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Inpatients Outpatients Controls

50 489 107

Race Hispanic or Sex
Latinx

White

Asian
Other

Black or African American

American Indian or Alaska Native

Native Hawaiian or other Pacific Islander

0% 20% 40% 60% 80%




Hospitalized

Professor Jan Englund
Seattle Children’s

Enrolling the first US patient with SARS-CoV-2

-

or Ambulatory Adults with Respiratory Viral Infectio

ns

(no masks!)

Source of monoclonal antibody (Eli Lilly)
Moderna vaccine =2 clinical correlates of
protection

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Evaluation of the mRNA-1273 Vaccine
against SARS-CoV-2 in Nonhuman Primates

K.S. Corbett, B. Flynn, K.E. Foulds, J.R. Francica, S. Boyoglu-Barnum, A.P. Werner,
B. Flach, S. O’Connell, K.W. Bock, M. Minai, B.M. Nagata, H. Andersen,

HUMAN CONVALESCENT-PHASE SERUM

A panel of 42 human convalescent-phase serum
specimens were obtained from persons between
18 and 84 years of age who had mild, moderate,
or severe Covid-19 under institutional review
board-approved specimen-collection protocols
at the NIH Clinical Center (Bethesda, MD)
(ClinicalTrials.gov number, NCT00067054),
Aaron Diamond AIDS Research Center, Columbia
University (New York) (NCT04342195), and the
University of Washington (Seattle) (Hospitalized
or Ambulatory Adults with Respiratory Viral In-
fection [HAARVI] study and STUDY00000959).
Written informed consent was provided by all
participants. Participants had a history of labo-
ratory-confirmed SARS-CoV-2 infection roughly
1 to 2 months before they provided specimens.




* Systems Serology to Evaluate Early Signatures
hCK]I"VI Associated with COVID-19

Biophysical Profiling
IgG1 1gG2 I1gG3 IgG4
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Functional Profiling I=_ —

= . | O,

purification

0 — ]
\= = . —
9 £ ‘63 2 =
NKIFNy  NK MIP1B NK
complement Phagocytosis cytotoxicity secretion secretion Degranulation

Atyeo, Immunity, 2020



* Hospitalized
SARS-CoV-2 Plasma

haarvi :@3 N

Humoral profiling Spike specific responses

enriched in convalescent
individuals, nucleocapsid
responses in deceased
individuals

Convalescent Deceased
‘4_>
Spike protein Nucleocapsid

Atyeo, Immunity, 2020



"3 Heatmap showing pairwise correlation matrices of antigen-specific antibody
hqq rvi titers and effector functions for convalescent vs deceased

A 061 | Convalescent 1561 | g Deceased 1
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Atyeo, Immunity, 2020
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Hospitalized or Ambulatory Adults with Respiratory Viral Infections

Characterize the prevalence of ongoing symptoms in a cohort of
COVID-19 recovered individuals

Describe changes in quality of life and ability to perform
activities of daily living

Compare these findings with a concurrent cohort of healthy
controls



érw Long Term Sequelae of COVID: Methods Best

Hospitalized or Ambulat

o

80

Initial questionnaire
® Completed at time of enrollment (either in the hospital at time of illness, or at day 30 after
symptom onset at their first clinic visit)

® Assess acute symptoms

Follow up questionnaire completed 3-9 months after illness

® Persistent symptoms

® Activities of Daily Living
® Climbing stairs, transferring, grooming & personal care, toilet & bathing
® Household chores, managing personal affairs

® Medical care accessed
® Primary care, Urgent Care, ED, hospitalization

Quality of life - EuroQol visual analog scale (based on the Italian COVID study) Worst

health



-
hCIGI’VI Long Term Sequelae of COVID: Results

177 COVID-19 recovered individuals responded of 234 contacted (76%)
* 161 mild-moderate cases (150 outpatients, 11 asymptomatic); 16 severe cases (16
inpatients)
21 healthy controls

Completed survey median 5.5 months after illness

At least one persistent symptom reported by:
* 33% (n=49) of mild-moderate cases
* 31% (n=5) of severe cases

Persistent symptoms increased with age:
» 27% (n=17) of 18-39 year olds
* 30% (n=25) of 40-64 year olds
* 43% (n=35) of those aged 65 and older

Logue JK, Franko NM, McCulloch DJ, ... Chu HY. 2021. Sequelae in Adults at 6 Months After COVID-19 Infection. JAMA Network Open



*} One-third of patients with mild disease had
haaryv| persistent symptoms at 6-month follow-up

Hospitalized or Ambulatory Adults with Respiratory

E] Percentage of participants who reported COVID-19 symptoms during acute illness and at follow-up

| [l 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

1L, J|J|.J|_JI_J|_|L._|L..IL “_J_

Patients, %

Fatique Lossof Headache Trouble Muscle Sore Cough Runny Diarrhea  Ear pain Sweats Rash Chills or Feeling Nausea
sense of breathing  or body throat nose shivering feverish
taste or smell aches
Symptoms

Logue JK et al, JAMA Network Open (2021); DOI: 10.1001/jamanetworkopen.2021.0830
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heclth Food Fitness Wellness Parenting Vital Signs e LIVE TV Edition v Q @

Almost a third of people with 'mild' Covid-19 still |

— i s mmm

battle symptoms months later, study finds

g’ By Dr. Sanjay Gupta, CNN Chief Medical Correspondent

warcHlid Q

(© Updated 9:28 AM ET, Tue February 23, 2021

HEALTH AND SCIENCE

Dr. Fauci says new data suggests ‘long’
Covid symptoms can last up to 9 months

PUBLISHED WED, FEB 24 2021-12:03 PM EST UPDATED WED, FEB 24 2021-1:01 PM EST




!: . Long COVID Persists 24 Months after Infection
haarvi L

50 4

2 Gonimiotenti, o onty
m Control 24 Months M Infected 24 Months e 50% (56/1 1 2) of
‘0. participants experienced
symptoms of long COVID
= at 24 months
£ 30 1
g * Most common symptoms
s * Altered smell and
20 taste
* Fatigue
10- * Brain fog
| II I |I ‘ « 36% reported conditions
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= €he New Jork imes

The Coronavirus

Pandemic > Covid-19 Updates  Coronavirus Map an

New Research Hints at 4 Factors That May
Increase Chances of Long Covid

[f further study confirms the findings, they could lead to ways to
prevent and treat the complex condition.

% Give this article ~ m

Su, Cell, 2022



Overview of study design: two COVID-19 cohorts and
uninfected controls

A INCOV (209 patients, 525 draws)

ELISA
Proteomics  SARS-CoV-2- & Symptom Nasal 457 T1&T2(1-2 weeks)

Sln?le -cell protein
(454 proteins) auto- antibodies Survey swab EHR

Single-cell RNAse 92 surface Single-cell
HAARVI q CF? S BCR

Health who e transcrl tome roteins
% B B = o B - contro}'s 00 A 100 patients ( ' P ) p )
# % )& = el V Y V y 100dmaws Y8 dTY \Y4
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B hp o BN ekl IO me— = @8 sl S
X DX DX =T [ ¥ ) umap-1 A DXPX DXPX
Metabolomics Neutralizing ~ SARS-CoV-2 [ Single-cell secretome _Anti en-s ecific Bulk TCR
(1050 metabolites) antlbody tlters CMV%hleBe\/m\lla}remla - A\ R 32 cytokines) ~ TCR pencmg sequencm%
%« s Plasma ®.'® e eI0 A &
\ i '7'.:.‘9 V.1,
o, - @ - 5 Gﬁ J PBMCs @ @& N BRCLTE ) = H H H»x«
 Clinical and laboratory data Three time points * Single cell multi-omic

e Autoantibodies characterization

* Plasma proteomic and
metabolomic profiling

T1: Acute illness
T2: 1-2 weeks
T3: 2-3 months

Su, Cell, 2022



Early Factors Correlated with Long COVID

),0 Single cell ’*‘ ®

. 'l,' multi-omics "‘ Q I_)
i J ()

Plasma ‘ SARS-CoV-2 RNAemia

\Wr/ ' multi-omics & other virus viremia

PASC-
I anticipating *
; factors

Auto-
! antibodies !
i g
[ i
. : JL
i Viralload t .
‘ L Symptom surveys Autoantibodies &
lﬁl : & EHR SARS-CoV-2 antibodies
; Preexisting ‘ S C
3 cond|t|ons 2 ] Several poss;ble PASC symptoms s
309 COVID-19

Patients

Diagnosis Long COVID

Su, et al., Cell (2022) DOI: 10.1016/j.cell.2022.01.014

4 PASC-anticipating risk factors at
time of initial COVID-19 diagnosis:

Epstein-Barr virus viremia
SARS-CoV-2 RNAemia
Type 2 diabetes
Autoantibodies



https://doi.org/10.1016/j.cell.2022.01.014

EBV and SARS-CoV-2 viremia at initial diagnosis was
common, and associated with long COVID

F Viral load
%positive*avg. copy number/ml
© - 100 High proportions of individuals with SARS-CoV-2 and
£ 3k - 4l EBV at acute diagnosis
< < « 14% with EBV viremia
Z E + 25% with SARs-CoV-2 RNAemia
o\ 2k L < * Resolved by 2-3 months
. 50
> <
O
O 1k - =
% =]
> 0 ==
™1 T2 T3
m SARS-CoV-2 RNAemia
m EBV Viremia

m CMV Viremia



with specific long COVID conditions at 2-3 months

Investigated autoantibodies commonly
associated with systemic lupus C Autoantibody (T1), SARS-CoV-2 antibody (T3) and PASC

erythematosus

Gl, inability to exercise and sputum production
associated with autoantibodies

Many with autoantibodies at 2-3 months had
mature autoantibodies at early time points (i.e.
could autoimmune disease predate long

Cough (Resp. viral)

Respiratory viral

COVID) R kdek ke Anosmia/Dysgeusia
— *k% Neurological
Higher SARS-CoV-2 antibody was associated \§\<§\<§9\<§9\§ \gcg,oq’ Q\o'\ Q\e‘?%%%%}?“ log,(fold change)
with lower autoantibodies QIO Vs Y KL D0 [
NNV 06 06

SARS-CoV-2 nucleocapsid IgG associated with
neurologic symptoms
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NIH RECOVER Observational Study

Home Partners About Eligibility What is PASC? News Goals Screening Form

Welcome to the PNW Consortium

RECOVER
NIH consortium Study

with 40,000

participants

nationwide

Help us better understand the
long-term effects of COVID.

If you or someone in your family has had COVID, or are
feeling the long term effects of COVID, you might be able
to help us understand more about it and treat it. Even if
you have not had COVID, you might be able to help.

GET STARTED >

CIISB vy Gswenish €5 U 3 Providence
WASHINGTON

#j; RECOVER
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! Resaarching COVID to Enhanca Recowary

L

Study Aims

o« Characterize the incidence and prevalence of sequelae of SARS-

CoV-2 infection
o Acute infected cohort (<30 days since infection)
o Post-acute infected cohort (>30 days since infection)
o Uninfected controls

o« Characterize and describe the spectrum of clinical symptoms
o Define the biological mechanisms underlying pathogenesis of the
sequelae of SARS-CoV-2 infection



RECOVER Observational Study Components

RECOVER Study Components

RECOVER Cores
S UL Clinical Science Core Data Resource Core Biorepository Core
Coord. Center
Elements PN Qp&'
L)
= it = :

Tissue
Pathology

RECOVER EHR/ Health

Enrolling

RECOVER Pathobiology

Studies

Systems
Studies

Clinical Trials

Cohorts Studies

Clinical Platform with ~ ~40,000 participants g0 million+ records; ~ Mechanistic studies of 50+ tissue types
Multi-therapeutic domains ~4 million+ COVID cases pathogenesis

Data Resources

Mobile and Digital EHR / Other Real-

Clinical Imaging Health World Data

Pathology

recoverCOVID.org



Timeline of Study Activities for Participants enrolled
Into the prospective observational study

L ]
Baseline | 3m | 6m | 9m | 12m | 15m [ 18m [ 21m [ 24m | 27m | 30m | 33m [ 36m | 39m [ 42m [ 45m [ 48m |
Enrollment a

Tier 1-2 Consent

Identity

Visit

Comorbidities

COVID Treatment*
Medications

Change in Medications
Demographics

PASC Symptoms

Vaccination Status

Social Determinants of Health
Social Determinants Follow-up ° o ° o o o o o o o o ° ° o ° c
Alcohol/Tobacco )

Alcohol/Tobacco Follow-up ° ° ° ° ° o o o o o ° ° ° ° ° °
Disability °
Pregnancy o
Pregnancy Follow-up °
Tier 1 office visit

Biospecimens

Lab Results o

Tier 2/Tier 3 Tests

* COVID Treatment not collected on people without infection Legend

e Completed by research coordinator

e Completed by participant
Completed by research coordinator with
review/validation by participant



l

4295 Met World Health Organization criteria for
SARS-CoV- 2 within 30 d of infection enrolled
in the acute infected cohort

13754 Adults enrolled as of April 10, 2023

\J

7368 Met World Health Organization criteria for
SARS-CoV- 2 infection >30 d prior enrolled
in the postacute infected cohort

1375 Excluded

1319 Did not reach end of
> window for at least
1 visit 26 mo after index
56 Did not start protocol

A

296 Excluded

207 Did not reach end of
> window for at least
1 visit 26 mo after index
89 Did not start protocol

Y

Y

2091 Enrolled without infection in
the uninfected cohort?

744 Excluded
492 Did not reach end of

window for at least

1 visit 26 mo after index

> 219 On-study infection before

reaching end of window
for at least 1 visit 26 mo
after index

33 Did not start protocol

Y

2920 Reached end of window for at
least 1 visit 26 mo after indexP

Y

2248 Attended at least 1 visit 26 mo after
index and started symptom survey
17 Pre-Omicron wave
2231 Omicron Wave

7072 Reached end of window for at
least 1 visit =26 mo after indexP

Y

6398 Attended at least 1 visit 26 mo after
index and started symptom survey
3732 Pre-Omicron wave
2666 Omicron Wave

1347 Reached end of window for at least

1 visit =6 mo after index without an
on-study infection®

i

1118 Attended at least 1 visit 26 mo after

index and started symptom survey
292 Pre-Omicron wave (290 postacute cohort)
826 Omicron Wave (438 postacute cohort)

T. Thaweethai, et al. JAMA. May 2023 & https://recovercovid.org/sites/default/files/summaries/RECOVER-Identifying-Long-COVID-May-2023C.pdf




RECOVER: Development of a Definition of Postacute Sequelae

of SARS-CoV-2 Infection

o What are the defining symptoms of
Long COVID?

o Compared symptoms reported in

individuals who never had COVID
against those who had COVID at least
six months prior

o Evaluated 9764 individuals (89% SARS-
CoV-2 infection) enrolled before April
2023 with at least six months of follow-

up

A
About 1,000

participants who never had
COVID (uninfected)

The participants' average age was 47.

Gender [ Intersex
¥ less than 1%

Female
1%

About 9,000
participants who had COVID
before they joined the study

Race and Ethnicity

Asian

Black or African American
15%

Hispanic, Latino, Spanish

—
(=
b
[

White
59%

Mixed Race

I
w0
52

Other

il
=0
32

T. Thaweethai, et al. JAMA. May 2023 & https://recovercovid.org/sites/default/files/summaries/RECOVER-Identifying-Long-COVID-May-2023C.pdf



RECOVER: Development of a Definition of Postacute Sequelae

of SARS-CoV-2 Infection

o 10% of previously infected participants
developed long COVID

o Evaluated 37 symptoms: selected 12
symptoms with adjusted odds ratio 1.5 or
greater in those who had COVID, compared
to uninfected

o Individuals were more likely to have long
COVID
o First COVID infection before December
2021 (Omicron wave)
o Had more than one infection
o Did not receive the COVID-19 vaccine

Feeling tired and unwell that @,

gets worse after physical or
mental activity
(post-exertional malaise)

Feeling weak and
tired (fatigue)

)
AU
Brain fog O

Dizziness Qz}

Symptoms that affect the
stomach and digestion “&

(gastrointestinal symptoms)

Fluttering or pounding
heartbeats (palpitations) %

o Overall 12 symptoms best identified those with long COVID

Loss of sexual
desire or ability

Loss of, or change in,
taste or smell

Feeling thirsty

Long-term (chronic) cough

Chest pain

Unusual movements
(abnormal movements)

T. Thaweethai, et al. JAMA. May 2023 & https://recovercovid.org/sites/default/files/summaries/RECOVER-Identifying-Long-COVID-May-2023C.pdf



RECOVER: Development of a Definition of Postacute
Sequelae of SARS-CoV-2 Infection

« LASSO used to identify which Table 2. Model-Selected Symptoms That Define PASC
symptoms defined PASC and Their Corresponding Scores®
* Symptom score assigned by Symptom Log odds ratio Score
dividing estimated log odds ratio Smell/taste 0.776 8
by 0.10 Postexertional malaise 0.674 7
 For each person, total score is SenlieEE] LA 4
sum of scores for each symptom Brain fog® 0.325 3
reported Thirst 0.255 3
« Score threshold of 12 was FEL 0.238 2
optimal for separating those with Chest pain® 0.233 2
and without PASC Fatigue® 0.148 1
Sexual desire or capacity 0.126 1
Dizzines 0.121 1
Gastrointestinal 0.085 1
Abnormal movements 0.072 1
Hair loss 0.049 0




RECOVER: Development of a Definition of Postacute
Sequelae of SARS-CoV-2 Infection

A | Optimal threshold for identifying PASC positivity

16 PASC indeterminate PASLC positive

321
284
24 1

20+

164

17 4 Optimal threshold for
identifying PASC positivity

-'.-..-.

-
-
A

Uninfected classified as PASC positive, %

i . 3 . 5 ;}' é-1'1'1'3'|'5'1-?-1'g'1'1'1-'1'3'5
Cutoff score

T. Thaweethai, et al. JAMA. May 2023 & https://recovercovid.org/sites/default/files/summaries/RECOVER-Identifying-Long-COVID-May-2023C.pdf



RECOVER: Symptom frequencies among PASC-positive
participants for symptoms that contribute to the PASC score.

Smell or taste
Postexertional malaise
Chronic cough

Brain fog?

Thirst

Palpitations

Chest paind

Fatigue?

Sexual desire or capacity
Dizziness
Gastrointestinal
Abnormal movements

Hair loss

°
®
® Highest OR for infected vs.
® uninfected:
O
0 * Postexertional malaise (aOR 5.2)
® * Fatigue (aOR 2.9)
° * Dizziness (aOR 3.4)
° * Brainfog (aOR4.5)
° * Glsymptoms (aOR 2.7)
o
—e
®
0 l|0 2IO BIO 4|0 5|0 6|D ?ID 80 90 100

Frequency among PASC-positive participants, %

T. Thaweethai, et al. JAMA. May 2023 & https://recovercovid.org/sites/default/files/summaries/RECOVER-Identifying-Long-COVID-May-2023C.pdf



RECOVER: Patient-Reported Outcomes of quality of life, physical health
and ability to carry out physical activities decreases as PASC score

increases

Distribution of PROMIS Global 10 responses

PROMIS Global 10 Q2:
general quality of life

Excellent 29 17 13 12 6 4

Very good | 44 46 38 36 22 17

Good 21 30 37 36 41 32
Fair 5 6 10 14 25 33
Poor 1 0 2 2 7 14

0 1-2 3-6 7-11 12-16 =17
PASC score (quintile above 0), %

No. of 3951 1412 1106 1264 998 1033
participants

PROMIS Global 10 Q3:

general physical health
Excellent 15 6 4 4 1
Very good | 41 31 27 20 11 7
Good 31 | 43 | 42 | 41 34 | 26
Fair 10 18 24 29 42 41
Poor 1 1 4 6 12 26
iIJ 112 3-|6 7-|11 12116 le'/'
PASC score (quintile above 0), %
No. of 3951 1412 1106 1264 998 1033

participants

PROMIS Global 10 Q6: ability to carry
out everyday physical activities

Completely [CIINARN 500 47 | 27 | 15
Mostly 12 17 21 25 27 22
Moderately 6 9 14 20 28 30
A little 3 3 6 8 17 31
Not at all 0 0 0 0 1 1

0 12 36 7-11 12-16 217

PASC score (quintile above 0), %

No. of 3951 1412 1106 1264 998 1033
participants

T. Thaweethai, et al. JAMA. May 2023 & https://recovercovid.org/sites/default/files/summaries/RECOVER-Identifying-Long-COVID-May-2023C.pdf



|dentification of Postacute Sequelae of SARS-CoV-2 Infection (PASC)
Subgroups and Their Characteristics

Cluster 1: Smell or taste

Cluster 2: Postexertional
malaise, fatigue

Cluster 3: brain fog,
postexertional malaise,
fatigue

Cluster 4: fatigue,
postexertional malaise,
dizziness, brain fog,
palpitations

E Symptom profile clusters

1.0

0.8

<
o

Dissimilarity

0.2

—_—

©
-
1

S

1 2 3 4
Cluster
Higher frequency of pre-Omicron infections and
unvaccinated participants in Cluster 4 (most
severe)

T. Thaweethai, et al. JAMA. May 2023 & https://recovercovid.org/sites/default/files/summaries/RECOVER-Identifying-Long-COVID-May-2023C.pdf



Outline

 Definitions, risk factors, and clinical
manifestations

e Results from research studies at the
University of Washington

e New clinical trials



RECOVER-NEURO Clinical Trial

RECOVER-NEURO is focused on cognitive dysfunction symptoms associated
with Long COVID, which may include trouble thinking clearly or remembering
things (brain fog) and problems focusing on tasks. We want to better

understand how the virus that causes COVID-19 affects the brain and find

possible treatments to improve brain function for people with Long COVID.

RECOVER

Researching COVID to Enhance Recovery

&



RECOVER NEURO

Participants will be assigned by chance to one of these groups: @

BrainHQ BrainHQ BraLnHQ
+ +
) tDCS-
PASC-CoRE tDCS-active comparator

Participants will be in RECOVER-NEURO for about 6 months, including a 10-week study intervention
period. During this time, they will be asked to:

EFH /0
B o)

Visit the clinic 3 Complete brain Answer surveys Complete lab tests

times training sessions at about how they are and brain function
home for 10 weeks feeling tests



RECOVER-VITAL Clinical Trial

RECOVER-VITAL (viral persistence and reactivation, and immune
dysregulation) is focused on viral persistence, which is when the virus that
causes COVID-19 stays in the body and causes damage to organs or the
immune system (the body's system that fights off illnesses) to not function
properly. Researchers think that viral persistence may lead to Long COVID

symptoms.

#

RECOVER

Researching COVID to Enhance Recovery



RECOVER VITAL

Participants will be assigned by chance to one of these groups:

PAXLOVID ) )
PAXLOVID 15 days Ritonavir
(nirmatrelvir and ritonavir) + and placebo
25 days Ritonavir and placebo 25 days
10 days

Participants will be in RECOVER-VITAL for about é months.
During this time, they will be asked to:

& ‘8 (2 e

Visit the clinic4to 5 Answer surveys Take a study drug for Complete lab tests,
times about how they are up to 25 days, physical ability
feeling provided at no cost tests, and/or brain

function tests




Conclusions

* Long COVID is a multisystem condition that occurs in
approximately 10% of individuals with COVID-19 infection

* Certainrisk factors present at initial diagnosis, including EBV
viremia, SARS-CoV-2 RNAemia, diabetes, and autoantibodies are
associated with development of long COVID

e Certain distinct symptoms are associated with long COVID,
including post-exertional malaise, brain fog, fatigue and Gl
symptoms

* New research studies are attempting to better understand the
predictors of PASC, as well as potential preventions and
treatments



Thank you to the HAARVI participants who have participated in our studies for the past four years
N <
/ W VisiToR

\ CHECK-IN

Team HAARVI: Jennifer Logue, Helen Nguyen, Kino Watanabe,
Kristen Huden, Anna Elias-Warren, Ariana Magedson, Erica Clark,

Tiffany Mei, Nicholas Franko, Dylan McDonald



haarvi

Hospitalized or Ambulatory Adults with Respiratory Viral Infections

) ) N

< i
] () Q)
LT N,

Andy McGuire Leo Stamatatos Julie
McElrath

Barney Graham Galit Alter Rob Carnahan, Jim Crowe
NIH VRC Ragon Institute Vanderbilt University

Steve Elledge
Dan Barouch
Deb Fuller

Neil King

Wes Van Voorhis

Julie Jesse Bloom Mike Gale Jim Heath Josh sChifférJenny Lund David Veesler
Overbaugh



Research and clinical care

* https://www.chulab.org/participate-in-a-study
 Enroll in observational and clinical trials

* https://www.uwmedicine.org/specialties/post-covid-rehabilitation
* Access medical care at UW


https://www.uwmedicine.org/specialties/post-covid-rehabilitation




Other mechanisms: Autoantibodies

Immune-targeting autoantibodies are
Increased in patients with COVID-19:

e Acute COVID-19 associated with
increased autoantibody reactivities
including auto-Ab against:

a. Immunomodulatory proteins (cytokines,

chemokines, complement components
and cell-surface proteins)

b. Tissue-associated antigens

Wang EY, Nature (2021);

https://doi.org/10.1038/s41586-021-03631-y
Slide courtesy of Jason Goldman, MD, MPH
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https://doi.org/10.1038/s41586-021-03631-y

J Table 1. RECOVER Adult Cohort Demographic Characteristics by Infection Status at Enrollment

No./total (%)

Rural participant

Vac

AGLE /QGAG (5)Y

AS/1119 (AN

Infected Uninfected Uninfected with balancing weights
Fr¢ Characteristic® (n = 8646) (n=1118) (n=1109), %
Age at enrollment, y
Median (IQR) 45 (34-59) 55 (40-65) 45 (35-60)
No. 8637 1117 1109
Age category at enrollment, y
18-45 4389/8637 (51) 377/1117 (34) 51
46-65 3175/8637 (37) 502/1117 (45) 37
>65 1073/8637 (12) 238/1117 (21) 12
Race and ethnicity®
Asian, non-Hispanic 428/8558 (5) 73/1106 (7) 5
Black or African American, non-Hispanic 1220/8558 (14) 197/1106 (18) 14
Hispanic, Latino, or Spanish 1473/8558 (17) 119/1106 (11) 17
White, non-Hispanic 5027/8558 (59) 685/1106 (62) 59
Multiracial/multiethnic 305/8558 (4) 26/1106 (2) 4
Other 105/8558 (1) 6/1106 (1)
Sex assigned at birth
Female 6221/8602 (72) 711/1110(64) 72
Male 2377/8602 (28) 399/1110(36) 28
Intersex 4/8602 (<1) 0/1110 0
Vaccination status at index date®
Unvaccinated 3291/8538 (39) 161/1095 (15) 16
Partially vaccinated 154/8538 (2) 21/1095(2) 2
Fully vaccinated 4725/8538 (55) 860/1095 (79) 77
Date of last dose unknown 368/8538 (4) 53/1095 (5) 5
Cohort and prevalent SARS-CoV-2 strain
at Index
Acute pre-Omicron 17/8646 (<1) 2/1118 (<1) <1
Acute Omicron 2231/8646 (26) 388/1118(35) 33
Postacute pre-Omicron 3732/8646 (43) 290/1118 (26) 28
Postacute Omicron 2666/8646 (31) 438/1118 (39) 39
Medically underserved area
Yes 2369/8646 (27) 298/1118 (27) 28
No 6277/8646 (73) 820/1118(73) 72
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