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Introduction

Public Health OntaridPHQ is actively monitoring, reviewing and assessing relevant information related
to Coronavirus Disease 2019 (COYH) caused by severe acute respiratory coronavirus 2 (SARQ).

This rapid review concentrates on results from systematic reviews and-ametigses, updating the

evidence on the prevalence of PACS, PACS symptoms by organ system and risk factors for developing
PACS. The update includes more matalyses and primary research with larger sample sizes and
includes a new section reporting on timapacts of PACS on daily living. This rapid review replaces
Persistent Symptoms and Pgstute COVIR9 in Adults; What We Know So Féhpril 9, 2021}.

KeyMessages

T

The definition of and diagnostaiteria forpostacute COVIE9 syndromgPACSare not yet
well established Thisrapid reviewconsidered PACS as persistent or rs@guelaegpresent3 or
more weeks aftersevere, mildly symptomatic or asymptomaB8ARSC0o\2 infection

Pooledmeanprevdenceresults for any experience ®ACSextracted from nine systematic
reviews,ranged from 3%-80%

Pooled mean prevalence results for specific PACS symptoms were exinabid available
from 32 systematic reviewSymptons andprevalence resultsariedwidely across reviews
however some ofhe most commonly reportedymptoms includediatigue; shortness of breath;
anxiety;depresion;sleep disordercognitve and memory impairments; and negative impacts
on quality of life (QoL)Ihe most commonlyreportedrisk factors fordevelopingPACSvere
increased disease severity during acute SEB¥2 infection and female sex.

Few included studies used control groups of individuals not infected with-SARS (e.g.,
healthy controlspatientswith alternativediagnoses). These studies consistently found overall
greater ratesor riskof persistent symptomsonsistent with PAC&nong patients with COVID
19 comparedo symptoms irthose without COVIR9. Further casecontrol studies would help
disentargle the impact of public health measures, other confounders and -£AR3 infection

on symptoms consistent with PACS.

Results across reviews and studies waithltiple follow up periodslid not consistently indicate
if prevalence oPAC®r PACS sequeld@mcreased, decreased or remained stabler time

Overallwhile ongoing research is needed to better characterize PACS characteristics and prevalence,
this body of evidence indicates PACSasradition experienced by a substantralmberof

individualswith previous SARGoV2 infection. Care for patients with PACS will likely place added
stresses on healtbare and social support systems, including increased emergency department visits,
outpatient care, inpatient care and rehabilitation involving ndifciplinary teams.
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Background

Thereare ongoingdiscussions and research into what constituBsCand how to definghis condition
There arealsoa number of names used to refer persistent symptoms after the acute phaseao$ARS
CoV2 infection including* | ong COMIO,I"D “spyonsdtracut@ €OVIL & poysridr o me, ”
and ‘aqute setjuelae of SAR®V2 infectin *? the term PACSVvill used throughout this document.
Nalbandian et al. (2021) describBdCas persistent symptoms and/or delaysgmptomsof SARS
Co¥2 infection b esymptordondef RAESRHasbedn definad elsewhersigas and
symptoms that develop during or aftSAREC 02 infection, continue for more than 12 weekand are
not explained by an alternative diagna&fsThe Ontario COVHR9 Sciencé@dvisoryTable (2021 have
reported that while aconsistentcasedefinition has not been establisheBAC®&ncompasses many
potential sequelae of infection with SARS\2 which may persist for @eks to months, andan
develop after severe, mildly symptatic or asymptomatic SAR®\2 infections’ Toensure a broad
assessment of PACS and Pa&tfielae, we will consider PAC$assistentor new symptom®r
sequelagpresent3 weeksor moreafter SAREC0V2 infection

In a science brief by the Ontario COMMDSciencédvisoy Table (September, 2021he authors

estimated that57,000 to78,000 people in Ontario have experienced PAGHg this estimate could

vary widelydependingon what case definition is appli€dn order to plan for a potentiahcrease iruse

of healthcare resources postOVIEL9, the healthcare system needs to understaRPdCS inecovering
patients.Knowledge of the risk factors associated with the development of PACS may be able to assist
with followingindividualsat risk of further morbidity and direct resources appropriately.

The purpose of this document is to examthe prevalence o0PACSymptomsand sequelaand
explorerisk factors fordeveloping PACS

Methodsand Scope

In considering feasibility, scope,daneed for responsivenesgie chosea rapid review as an
appropriate approach tounderstanding the persistent symptomsPACSA 1apid review is a knowledge
synthesis where certain steps of the systematic review processmaitted (e.g.,duplicate screning,
quality assessmenth order to be timely?

PHO Library Servicesnducted pdated Iterature searclesin MEDLINE-ebruary 11, 2022 National
Institutes of Health COVADO Portfolio (PreprintsjFebruary 11, 2022 EmbaseRebruary 15, 2022and
Global Health/Scopug-ebruary 15, 2022 The search was informed by the previous search strategy,
with the addition ofupdated SARSC0\2 variant of concern (VO@rmsand COVIEL9 vaccination
terms to ensuraup-to-date concepts were capturefsearch strategies available upon reqye$te
seached PubMed oMarch 15, 2022for additional articles of interest.

EnglisHlanguage peereviewedand nonpeer-reviewedstudiesthat describedpersistent symptoms

after the acutephase ofSARSC0V,2 infectionwere included Studies did not have to specifycases of
SAR&0V2 weretest-confirmed to be included, and did not need to specify if cases were symptomatic,
asymptomatic, bspitalized or not hospitalizedVe restricted the search to articles published after the
previous searciiMarch 1, 202). Thi rapid review concentrated on evidence from systematic reviews
and metaanalyses, supplemented by primary literature where appropriate.

Where prevalence data were reported for multiple epdintsafter SARS0\2 infection, we repored
prevalence fothe latest followup period.Pooled prevalence estimates for PACS or PACS sequelae were
extractedfrom systematic revies We did not check for overlap of primary studi@srossreviews

therefore somestudies may have contributed to more than one includediew.We excluded
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systematic reviews that conducted their literature searches before 2DRg.to the substantial increase

in available literature since the last version of this synthesis, atidnit the volume oprimary studies
included weonly indudedprimarystudieswith at least10,000 participants Unless otherwise stated

and to limit the number of relatively rare symptoms, we only included symptoms reported in at least
10% of patients in a study. Studies were restricted to those with gdtiénts greater than 17 years of

age. Several symptoms were potentially associated with multiple organ systems; however, we reported
these symptoms with the organ system where they were most often reported in the literature (e.qg.,
chest pain in cardiovaatar section) While signs (e.g., diagnostic tests and biomarkers) were not strictly
scoped out, the focus dhis synthesisvas to describe symptormend patientimportant sequelaefter

the acute phase dBAREC0VL2 infection.

This document does not repioon the indirect impacts of pandemic public health measures on{ong
term sequelae; e.g., impact of social distancing on mental health or the consequences of deferred health
care on chronic disease managemerite impact of seeking health care/use of hbalare resources as
a result of PACS symptoms was not in scope of this relneaddition, thissynthesisdoes not address
the management of patients with loAgrm sequelagthe underlying mechanisnfsr the emergence of
sequelae, or sequelae related tieatment of SARE 02 infection(e.g., postintensive care unit [ICU]
admission, invasive mechanical ventilation, therapeutics). For information orepagt COVIR9 in
chil dr en, plPostAcsite COVEL® an®Mullisystem Inflammatory Syndrerm Children
(MISC)¢ What We Know So Féupdate in progress)Finally, the impact of vaccination on PACS is not
in scope of thisynthess, howeverisaddresed inPHO knpact of Vaccination on Pescute COVHL9
Syndrome (PAC&What We Know So Ft

Prior to posting, PHO subjestatter experts review aknowledge productsAs the COVHR9 outbreak
continues to evolve and the scientific evidence rapidly expandsirtiormation provided in this
documentis only current as of thdate ofthe respective literature searches

Search Findings

We screened 7,263 articles identified frampdateddatabase searches: MEDLINE (n=2,893 articles),
Embase and Global Healifi=3,223, Scopugn=756), and National Institutes of Health COMI®
Potfolio (Preprints) (n391). After screeningfull-text review,and reassessment of the previously
included evidence with updated inclusion critefge included32 systematic reviews and metnalyses,
and 18 primary research articlefNineof the 50 (18%)total articles were norpeerreviewed preprints.

Over half (19/32) of the includedsystematiaeviews conducted metanalyses, ath approximately one
third (11/32) reported on multiple followup periodsln terms of setting during the acute phase of
COvID19 iliness, rast reviews examined a mix ofgatients and outpatients (232), few examined

only inpatients (3B82) or outpatients (1/2), and onalid not report the acute illness settiniyo reviews
limited inclusiorto studies wth non-COVIBL9 contrd groups, making it challenging to attribute PACS
symptoms only to previous SARSV2 infection.Fiveof 32 included reviews were nepeer reviewed
preprints1+1°

Primary studies were conducted in the United States (US) 8L1ttie United Kingdm (UK) (3/8),
Denmark 2/18), France (1/18pr included multiple countries (18). Most studiesincludeda mix of
participants who were inpatients or outpatients during acute CEGML2/18), three assessed only
outpatients, one assessed only inpatieatsdtwo did not report the settingFourteen of 18 studies
assessed symptoms consistent with PACS among patient with @O\l among comparator groups
of patients without COVHR9 infection, however théypes ofcontrol patients varied across studies
(e.g., healthy controls, patients with influenz&purof 18 primary studies were nopeerreviewed
preprints1619
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Please refer to Appendix Aable landTable Zor additional characteristics of included studies.

It is mportant to note theconsiderableheterogeneity across included studies. Studieed different
follow-up periods and different time point® determinefollow-up periods; e.g., time from hospital
discharge, time from positive SARBV2 test, and time from symptom onset in acute stage of disease.
Reported symptoms,icome measurekriteria, andpopulations(e.g.,severity of illness during acute
SARE0V2 infection) also varied widely across sties.As noted abovethe definition, diagnostic

criteria and official name for this new condition are not yet establisibag to this significant
heterogeneity and the evolving nature of this condition, determining exact prevalence estimates for
PACS anBACS sequelae (i.e., through matalysis) was not considered appropriate for this rapid
reviewor this body of evidencéWe ainedto provide an overall understanding of the breadth of PACS
sequelae, identify common sequelae and possible PACS riskstactor

Thus,to summarizehe mean/median pooled estimatesxtracted from hetengeneous systematic
reviews we first reported the range dll identifiedpooled mean/median prevalence results (e.g.-5%
75%). Tien, for each outcomeve identified theinterquartile range of (IQR) of all poolettan/median
prevalence results, along with the number of systematic reviews informing that outcomedeligptive
approach was used to demonstrate the wide range of results in the available literature redatteid t
topic, along with a central range (i.e., IQR) to describe a more focused range of available results.

Prevalence of RCS

Reviews

Resultganged widely acrosi systematic reviewthat reportedon the pooled mearprevalenceof any
PACS symptoni$132028 Al reviewsexcept ongi.e., \an Kessel et al., 2022 assessed only outpatiéhts)
includedboth hospitalized and notospitalizedpatientsduring acute COVHDI ilinessMostreviews
specifiedminimum follow-up times of 34 weekspost-acute SARE0V2 infection; however, several
reported on longer followup periods

1 Nine reviews reported a pooled mean prevaleli@nge of followup period for one or more
PACSymptom(s)80% (4-110days)* 56% $21 days);? 56% B0-180days)?’ 73% (>30
days)?°53% (>84 days262% (>84 day<},59% (>90 days$,51% (120 day8s)and 54% (180
days)?2 Of thesenine results, theangeof pooled prevalence estimate#as51%-80% and the
IQR wa$4%-64.75%

1 Three reviews reported a range of mean prevalence results from included primary studies but
no pooled result5%-80% (>21 day<y,10%-35% (>21 day¥)and16%-87% (>21 day$!

Foursystematiaeviewsreportedon PACS prevalee at multiple followup points122223 Evidence
across reviews is insufficient to determingitvalenceconsistentlyincreased decreasd or remained
stable over time.

1 Chen et & (2021) (preprint) reporte@ pooledmeanprevalencefor any PACS symptomés)
least 28 days after acute infection, aatfour follow-up periods pooled mearprevalence, 95%
confidence interval€l): overall (43%, 35%3),30 days (36%925-48), 60 days (24%, 439), 90
days (29%, 57)and 120 days (51%42-59) 1!

1 Reyes Domingo et al. (2021) (preprirgported onPACS prevalence @to follow-up periods
(pooled mearprevalence, 95% CH-12 weekg61%, 4476) and>12 week53%,41-65) 12
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1 Jennings et al. (2021) reporteth PAC®revalence at two follovwup periods4-12 weekg59%,
range: 1487) and>12 weekg62% range: 1889)23

1 Groff et al. (2021) reportedn PACS prevaleneg three followup periods(pooledmedian
prevalence, QR) 1 month (54%, 3-69), 25 months (55%, 34-8$5.5) and 6 months (54%, -337) ??

PrimaryLiterature

Threeprimarystudiesreported on the overall prevalence of PACS symptamssequelaén adults

which were largely in agreement with the included systematic reviews and-aretlysesalso
demonstrating a considerable range of prevalence estim&&s°A UK studyby Whitaker et al. (2021)
(preprint)included508,707 participants anti9%of thoseselfreported previous COVHDRillness 38%
reported one or more symptomgersisting beyond 12 weeks an8% experienced at least three
symptoms beyond 12 week&Taquet et al. (2024) conducted astudy of 273,618 COWI® survivors in
the USand found37% experienced at least one PACS symptedm3onths after diagnosisand that
patients with COVIRA9were at significantly greater risk of persistent symptoms compared to patients
with influenza(hazard ratio [HR]: Z, 95% ClI: 1.62.67)%° Chevinski et al. (2021) reported thait 31—

120 days followup among 27284 inpatients withCOVIBLY, 7%newly experienced at least one dive
identified PACS®onditionggroups ofconditions respiratory (e.g., shortness of breath), nervous system
(e.g., altered mental status), urinary tract infection, cardiovascular (e.g., tachycardia) and nonspecific
chest pairt® Similarly, aong 44,48%®utpatients withCOVIBL9, 7.7%newlyexperienced at least one of
10 dentified PACS conditions/groups of conditions: respiratory symptoms, abdominal padatheand
digestive/abdominal symptoms, nonspecific chest pain, nervous system symptoms, headache (including
migraine), circulatory symptoms, fluid and electrolyte disorders, malaise and fatigue, nausea and
vomiting, and urinary tract infections.

An additiond study by Matta et al. (2@ investigatedassociations between seléported COVIEL9
illness(i.e., belief that onavas previously infected) and persistdPACSymptomsat least 8 weekafter
infection, as well as betweetest-confirmed SARS0V2 infection and persistent symptom¥.The study
included26,823 participants of the general population in France. Belief in a previous inféati®h4)
wassignificantlypositively associatedith 15 of 18 persistent physical symptorsdds ratios [ORS]
ranged 1.416.6) whereas testonfirmed SARE0V\2 infection(n=1,091)was only positively associated
with one persistentsymptom(anosmia OR: 8).

Prevalenceof PACSymptomdy Organ System

Across the included reviewauthors addressed variety of PACS symptoms and outcomes. To maintain
focus on more common outcomes, we reported on symptdinag appear in at least 10% of participants
and in at least 25% of the reviews addressing the relewegan systemln some cases, prevalence

under 10%were reported for symptoms in individuatviewswhen that symptom appeareftequently
across most includeckviews Please refer té\ppendix ATable 1 and 2for characterstics of included
studies and toAppendix BTables3—7 for symptom prevalence details for all organ systems deedrib
thisrapid review
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Neurdogical andVental Health OQutcomes
REVIEWS

Thetotal range ofpooledmean/medianprevalence resultextracted from systematic reviewsr the
most commonly reported neufogicalsequelaeare describedbelow, followed by the IQRA total 0f26
includedreviews reported prevalence results for neurological sequelae, the nusabeeviewsthat
contributedresultsto specific sequelaé.e., number of extracted pooled mean/median prevalence
results)are listed followingthe range and IQR

T
T

=A = =

T

Memory impairment range: 11%57%, IQR: 16987% 17 reviews
Cognitive impairment range:29%-57%, IQR: 15925.5%,12 reviews
Concentration impairmentrange: 3%85%,IQR; 12%24%,17 reviews
Smell dysfunctionrange: 6%27%,IQR: 11%18.5% 23 reviews
Headacherange: 4%44%, IQR: 9949.5%, 22 reviews

Taste dysfunctionrange:4%-23% IQR:8%- 14%,21 reviews

A total of 22 includedystematiaeviews reportedpooled mearmedian prevalenceresults formental
healthPACSequelae:

T
1
)l
1

Anxiety: range:11%6-34% IQR: 19%28.75%_22 reviews
Depressionrange:8%-33% IQR: 19%28.75%_22 reviews
Sleepdisorder. range:11%-53% IQR: 18.5%34%,21 reviews

Posttraumatic stress disorder (PTSDaNnge:1%-57% IQR: 12.25%1.8.75%,14 reviews

We included @ght key systematiaeviewsthat had relativelarge total sample sizes ¢ 20,000)and/or
that specificallyinvestigatel neurological omental healthoutcomes

1

Chen et al. (2021) (preprint) conducted a systematic review and-argéysis (searched to

August 12, 2021) examining PACS symptoms at least 28 days after acute illness across 40 studies
and 886,388 patients! Common reurological symptomsppoled mearprevalence95% Q|

were memory problem$13%, £18), conceiration and confusion (9%-87), loss of smell (8%
5-12)loss of taste (8%,4.3) andheadachg5%, 3-8). Common mental health symptoms were
sleepproblems (13%,-&8),anxiety (0%, 6-16) and depressioflL0%, 521).

A systematic review and me&mnalysis (searched to October 2021) conducted by Alkodaymi et
al. (2022) included 63 studies and 257, p4ients®2 Neurological symptomwere reportedat

3-6 months, 6-9 months, 912 months and>12 monthsafter acuteSARE 02 infection.
Estimates were not reported (NB)all follow-up periods for all symptoms. Estimated
prevalence of PACS symptoms w@yeoled mearprevalence [95% GiHifficulty concentrating
(22% [15-31], 22% [840], NR NR), cognitive disorder (14% {31], 15% [627], NR NR),

headache (12% {20], 14% [#~23], 10% [4-17], NR), loss of smell (9% 4], 15% [1622], 12%
[1-30], NR) andloss of taste (8% {35], 13% [818], 6% [+13], NR). Mental health symptoms
includedsleep disorder (24% {84], 29% [1545]; NR 30% [1350]), anxiety (2% [6-43]; 23%
[13-33]; NR NR) anddepression14% [233]; 23% [2226]; NR; NR
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1 A systematic review and metmnalysis by Premraj et al. (2022) (searched to August 1, 2021)
examined neurpsychiatricsequelae irpatients withCOVIBEL9, and included 19 studies and
11,324 patients® Neurological gmptomsincluded pooled mearprevalence, 95% Qdyain fog
(32%, 955), memory issues (27%,-33H), attention disorder (22%, 284), loss of smell (12%,
7-17), taste dysfunction (11%5-%7) and headache (10%-21). Mental health symptoms
included sleemisturbances (31%, $83), anxiety (23%, 133) and depressiorlf%,7-21).

The authors investigated thduration of PACS neuropsychiatric symptoms and foussl ¢d
smell, taste dysfunctioand cognitive dysfunction did not change significantly ftbeimid-
term (3-6 months) tothe longterm (>6 monthsjollow-up. However, anxiety and depression
increased substantially in tHengterm compared to miderm follow-up.

1 Ceban et al. (2022) conducted a systematic review (searched to June 8, 2021) arahaletis
examining &tigue and cognitive impairmeim patients after acute COWD infection, follow
up periods ranged from 2.8 to 11.2 montHsThesystematic revievincluded 81 studieghe
meta-analysis for cognitive impairment includé8,232patients. Thepooled prevalenceof
cognitive impairment 12 weeksost-acute infection wa22% (95% CL7-28).

1 Fernandezle-lasPefiaset al. (2021) conducted a systematic review and rreatalysis
(searched to May 21, 2021) of 35 studies 28¢#38patients® The authors examined headache
as an acute COI® symptom and as a PACS symptom at 30, 60, 9¢k8@idays after ade
infection. Thepooled mearprevalence (95% CI) béadacheafter COVIEL9 infection was 10%
(5.4-18.5 at 30 days, 16.5%.6-39.7) at 60 daysl0.6%4.7-22.3) at 90 days, and 8.4%.6—
14. 8) = Therd wad mosignificant difference in headacbiveen hospitalized and nen
hospitalized patients. Regardless of hospitalization status, time had a significant effect, with
headache prevalence gradually decreasing over time (the slight increase at 60 days was not
found to be significant).

1 In a systemat review (searched to March 202df)57 studiesand 250,351 patrticipants, Gradt
al. (2021) assessed PACS symptahisast 30 days after acute infectidhThe most common
neurocognitive symptoms werg@ooledmedian frequencylQR difficulty concentrating (23.8%,
20.4-25.9),memory deficits (18.694,7.3-22.9), cgnitive impairment (17.194,4.1-30.5),
distorted taste (11.2%6.7-18.9) andloss of smell (13.49%,9-19.0).Common mental health
outcomesincluded gemralized anxiety (29.6%4.0-44.0), sleep disorder (20%,19.2-30.3),
depression (20.494,9.2-21.5 andPTSD (13%,7.3-25.1).

1 A systematic review and metmnalysis (searched to February 20, 2021) by Badenoch et al.
(2022) investigated persistent neuropsychiatric PACS symptoms across 51 studies and 18,917
patients assessed at least 20 days after acute CQ¥ibfection®® Common neurological
symptoms wereooled mearprevalence, 9% CI) cognitive dysfunction (20.226,3-35.7),
smell dysfunction (11.4%, 825.6), taste dysfunction (7.4%, 4171.4) and headache (6.6%,
3.6-12.0). Common mental health outcomes were sleep problems (27.4%-32143, anxiety
(19.1%, 13.326.8), PTSD (15.7%,924.1) and depression (1®46, 7.521.5).

1 Ina systematic review and metmalysis (searched to January 1, 2021) of 15 artaoids47,910
patients LopezLeon et al. (2021) reported on the lotgym effects of COVHD9 14-110 days
after acute infectior?* The most commomeurologicakymptoms werefooled mean
prevalence95% C)headache (4%,13-78), attention disorder (2%,19-36), taste dysfunction
(23%,14-33), smell dysfunction (21,%2-32), memory loss (26,0-0.55),andhearing
lossf/tinnitus (186,10-20). The most common mental health outcomes wareiety (136,3—
26), depression (¥2,3-23) and sleep disorder (%4,3-24).
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Details of thepooled mean/mediamprevalencemeasureseported inadditionalincluded reviews can be
foundin Appendix BT able3 and Tabk 4.

PRIMARY LITERATURE

Elevenargeobservational pimary studiegn >10,000 participantsgxamined neurological or mental
health PACS symptorasd sequelagwhich were in agreement with the included systematic reviews
and metaanalysesNinestudiesused non-COVIEL9 infectedcomparatorgroups and two assessed
symptoms only irpatients withCOVIBL9.

Severof the studies that used ne@OVIBL9 comparatorgroups also examined symptoragnsistent
with PAC®ver multiple followup periods!®1719.29.3037.3 hese studies founpatients withCOVIBL9
experiencel some neurological or ental healthsequdaeto agreaterdegree tharpatients without
COVIBEL9; however, these differencesended to decreasever longer followup periods. For example,
Coleman et al. (2021) (preprint) examiheew onset mental illness among 638,12dtients wth
COVIEL9 and 87,96%atients withoutCOVIBRL9 diagnosed witheither another respiratory tract
infection, bone fracture or urolithiasié.Followup periods were 24120 days and 12865 days after
infectiorvillness. COVIEL9 patients had greatesverallincidence(%) and significantlyrgater risk(HR

of any psychiatric illnes8.8%, HR1.3,95% CI1.2-1.4) and anxiety2%, HR1.3,95% CI1.1-1.4) in the
21-120 day followup period compared t@atients withoutCOVIBEL9 (incidence of 3% and 1.6%,
respectively)In the 121365 day fdow-up period,patients withCOVIBL9 were not at significantly
higherriskof any mental disorder, mood disorder or anxiety disorder comparezbturol patients
without COVIEL9. Chevinski et al. (202#jd not findsignificant differences between COVID patients
and controls for anxiety, depression or PTSD at the longest felfpperiod (90-120 daysy?® Theyfound
that patients with COVH29 remained at higher risk (OR, 95% CI) of neurocognitive disorders (25, 1.4
4.5) and other specified nervous system disorders (115216) compared to controlat 90-120 days
follow-up. Fve other observational studies similarly found increased rates of neurological or mental
health outcomes amonpatients withCOVIBL9 compared taontrolsin shorter followup periods, but
less oftenfor longerfollow-up periodsof up to12 monthg16:19.30.37.38

Twostudies withnon-COVIBL9 comparison groups examined ndvospitalised paitipants andollow-

up times wereapproximatdy 6 months postinfection, these had contrasting resulf$*°Al-Aly et al.
(2021) investigategymptoms consistent witiPAC&mong users of the US Veterans Health
Administration and foundhosewith COVIBL9 (n=73,435) to have excess burdehillnesscompared

to patients withoutCOVIEL9 (n=4,990,835) for the outcomes: sleayake disordersnervous system
signs and symptoms, trauma/stresslated disorders, anxiety and feaglated disorders, nervous
system disorders, headache and neurocognitive disoréfeksstudy in Denmark by Lund et al. (2021)
found patients withCOVIBL9 (n =10,498)were not at a significantly increased risk of anosmia,
headache neurological disease, neuropathies, psychiatric iliness, depression, anxiety or prescription
antipsychotics, compad to those withoutCOVIBL9 (n =80,894)*

Taqguet et al. (202b) and Wang et a(2022 assessed symptoms orilypatients withCOVIBL9 at follow

up periods of 168 days and-&010 days, respectivefy:*2Taquet et al. (202) found approximately a

third of patients had a neuropsychiatric diagnosis (33.88%) Cl: 33:84.1) at followup and 12.8% (95%

Cl: 12.413.3) receivd a neuropsychiatric diagnosis for the first time. Mood, anxiety or psychotic disorder
were reported for the first time in 8.6% (95% CI:-8@3) of patients*! Prevalence estimates faxommon
neurological or mental health outcomes reported by Wang et al. Zpgenerallyfell within the

prevalence ranges from review evidence ddsedi above, for eampleheadache (20%), confusion (5%),
problems with smell or taste (5%), anxiety (258&pression (24%) and insomnia (11%0).
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Respiratory
REVIEWS

A total of 21 systematic reviews reportpdoled mean/mediarprevalenceesults for common
respiratorysequelae. The number oéviews that reported results for specific symptoms are listed
following the range and IQR.

1 Dyspneashortness of breath)range:14%-71% IQR: 25%36%,21 reviews
1 Coughrange:6%-59% IQR: 11%19%,21 reviews

1 Nasal congestiontange: 26-20% IQR: 6.5%16.5%,7 reviews

1 Sputum:range:1%-59% IQR: 5.75%12.25%]12 reviews

Sixkey systematic reviewsicludedrelatively largesample sizesn(>20,000)and/or specifically
investigatedthe respiratory system

1 Chen et al. (2021) (preprint) conducted a systematic review and-areéysis (searched to
August 12, 2021) examining PACS symptoms at least 28 days after acute illness across 40 studies
and 886,388 patients Dyspnea was the onlyommon(i.e., prevalence >10%gspiratay
symptom (13%95% CI9-19), cough occurred less commonly (7%, 95%-8): 5

1 Alkodaymiet al. 022 included 63 studies argb7,348patients in their systematic review and
meta-analysis, and reported common respiratory PACS symptomsandnths, 69 months,
9-12 months and >12 months after acute CO¥YfDinfection pooled meamrevalence [95%
Cl]):dyspnea (25% [1B4],25% [26-30], 21% [14-28], 31%[17-47], respectively and cough
(15% [1621], 12% [620],6% [+12],NR respectively.>?

1 Long et al. (2021) conducted a systernaiview and metanalysis ofl6 studies and 4,478
patientswith COVIEL9to investigate persistent symptoms and pulmonary function at least 30
days after discharge from hospit4f.Common persistentespiratory symptomsncluded
dyspnea (33%, 223) and cagh (17%, 1422).

1 So etal. (2021) conducted a systematic review and raetlysiof 15 studies ad 3,066
patients followed ugbetween 1 and months postSARE 0V infection?’ The aithors
investigated radiologal and functional lung outcomegghepooled mearprevalence (95% CI) of
anycomputerized tomograph{CT) abnormality was 55.7% (4%20.1), and ofinypulmonary
functiontest abnormality was 44.3% (3225.4).

1 Ina systematic reviewf 57 studies an@50351 participants assessed at least 30 days after
acute COVIR9, Groff et al. (2021) examined various PACS symptb@@mmonrespiratory
signs and symptoms includ€gooledmedian frequency, IQRlyspnea (29.7%, 14-27.0),
cough (13.1946.3-22.6), incrased oxygen requirement (65.088.3-76.1), pulmonary diffusion
abnomalities (30.3%, 22-B8.5), ground glass opacification (23.1%, 1913.0)and restrictive
patterns onspirometry (10.0%, 6-24.1).

1 In a systematic review and megaalysis of 15 articlesnd 47,910 patientd_opez_eon et al.
(2021) reported on the lonterm effects of COVHR9 (mean follow-up: 14-110 daysf*
CommornrespiratoryPACS synmipms were pooled mearprevalence, 95% CI) dyspnea (24%,
14-36) andcough (19%,-734).
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Details otthe pooledmean/medianprevalencemeasureseported inadditionalincludedreviewscan be
foundin Appendix BT ableb.

PRIMARY.ITERATURE

Eightprimaryobservationaktudiesexaminel respiratory PACS symptorasd sequelagsevenused
non-COVIEL9 mmparison groups and one assessed symptoms orggtisnts withCOVIBEL9. The
primary studies were in agreement with the included sysétic reviews and metanalyses.

Fourstudiesused norCOVIBL9 comparator groupand examined respiratory symptone®nsistent

with PAC®ver multiple followup periods!®2°2937All four suggested greater respiratory symptom
prevalence irpatients who hadCOVIEL9 compared tdhose who did notat some point during follow
up. Threestudies indicatd attenuation of respiratory symptom risk or prevalence over time and one
foundthe risk of dyspnea did not reduce over tin@hevinski et al. (202&xaminedsymptoms
consistent with PAC& four follow-up periods 1-30, 3160, 6190 and 96120 days?® Patients who

had COVIBL9 had significantly increased oddshalvinggeneral respiratory signs and symptoms (OR:
1.4, 95% CI: 1-0.8) at the longest follovup period compared tocomparators who did not have COVID
19. There were more sigiicant differences betweepatients withCOVIBL9 andcontrol patientsfor
respiratory outcomes in earlier followp periods (e.g., pneumonigloweverthesewere not
significantly different from theontrolsby the final followup. Taquet et al. (2024) examined273,618
COVIEL9 survivors and a matched cohort of 114,4dfuenzapatients in the US One respirabry
outcome was reported at-1180daysfollow-up in patients withCOVIBEL9 andinfluenza respectively
(prevalence,95% CIHR: abnormal breathing (18%, 18.0-18.9 versis9.79%4 9.5-10.0, HR: 2.0 When
results were limitedo 90-180 daydollow-up (i.e., excluding any outcomes from the acute infection
period), the prevalence odbnormal breathing reduced overall, but remained a greater risk for patients
with COVIEL9relative to patients with influenzé.1% 8.6-9.5 versust.7%,4.5-4.9, HR2.0). Sgrensen
et al. (2022) (preprint) assessed symptorossistent with PAC& 6, 9 and 12 months after SARS8V2
test.’® Thase who tested positive were at greater risk dyspnea across all folleup periodsthan those
who tested negativehowever overall prevalend@o)of dyspnea and risk differen¢®D)in COVIEL9
versus controlgppeared to gradually declirever time 6 months (6%, RD: %), 9 months (5.4%, RD:
4.9) and12 months (4.8%, RD: 4. Estiri et al. (2021donducted a retrospective cohort study involving
96,025 norhospitalized patient records, 22,475 of those (23.4% positive SARS0V/2 test results’”
Respiratory outcomes significantly associated with a preV8ARS 0V/2 infection included (OR, 95%
Cl) gyspnea (36 months: 1.4, 1.221.64; 6-9 months: 1.5, 1.091.93) and pneumonia {& months: 17,
1.28-2.16; 69 months: NR).

Threestudies with noRCOVIBLY comparator groupassessed respiratory symptorognsistent with
PACSfter acute infectiorbut not & multiple follow-up periods3®4%44At follow-up, patients with

COVIBEL9 tended to experience more respiratory symptoms tipatients withoutCOVIBL9. AFAly et

al. (2021) and Ayoubkhani et al. (2021) reported any respiratory signs/symptoms and any respiratory
disease, respectively, occurred at higher rategdtients with COVIBEL9 compared t@atients without
QOVID193#4Lund et al. (2021) found patiesivith COVIEL9 were not atsignificantly increased risk of
pulmonary diseaser cough compared tpatients withoutCOVIEL9, but were asignificantly increased
risk felative risk [RRP5% ClI) of dyspnea.(Q, 1.622.48), use of tbnchodilating medicationsL(2,
1.01-1.48) ancuse of shorta ¢ t i -aggnis@ 2.3, 1.09-1.60)*°

Wang et al(2022 assessed symptoms ratients withCOVIBL9 at 56-110 days followup, from 23,505
patients and 299,140 clinical notésThe prevalence of common respiratory symptogeseraly

aligned with the ranges from review evidence described abdyspnea (20.8%), cough (17.5%) and
wheezing (11.9%). Less common symptoms were nasal congestion (7.1%) and sore throat (6.4%).

PostAcute CO\D}-19 Syndrome (PACS) in Adults 11



Cardiovascular
REVIEWS

A total of 21 systematic reviews repodgpooledmean/medianprevalenceesults for common
cardiovasculasequelae

9 Pericardial effusionrange: 9%27%, IQR: 12948%, 4 reviews
9 Palpitations range: 5%62%, IQR: 9.7944%, 13 reviews
1 Chest painrange:5%-89%% IQR: 8%16%,21 reviews

Fivekey reviewsdncluded sample sizegeater than20,000 participantsind/or specificallyassessethe
cardiovasculasystem

1 A systematic review and me&nalysis (searched to October 2021)Alkodaymiet al. (2022
included 63 studies andbZ,348patients with COVD-19.%2 CardiovasculaPACSymptoms are
listed in order ofpooled mearprevalence [95% CI] at8 months, 69 months, 912 months
and>12 months after acutS AREC0\2 infection: effort intolerance (19% {B85], 45% [2667],
NA NA) palpitations (14% [&25], 14% [8-21], NA NA) and chest pain (11%-{&6], 12% [8-18],
8% [5-11], NA).

1 Chen etal. (2021) (preprint) conducted a systematic review and-areddysis (searched to
August 12, 2021) examining PACS symptoms at least 28 days after acute illness across 40 studies
and 886,388 patient$t Cardiocvasuclar symptomsuch agachycardia (7%, 95%: G-18) and
chest pain (5%, 95% Ck7} were prevalent in less than 10% of patients.

1 Ramadan et al. (2021)vestigatal cardiac sequelae of COVID in a systematic review
(searched to February 12, 2021)35 studies and 52,605 patientsMedian followup time was
28 days, results were synthesized qualitativeélfre pooled meaprevalence of all reported
clinical diagnoses (e.g., myocarslitnyopericarditis, pericardisi, myocaridal infarction) were
less thanl0%. The median prevalence of chest pain was 17.5% (rarg@).0

1 In a systematic reviewf 57 studies an@50351 participantsassessed at least 30 days after acute
COVIEL9, Groff et al. (2021) examinedriousPACS symptont$d Commoncardiovasculasymptoms
were (pooledmedian, IQRchest pain13.3%6,8.8-17.8)and palpitationg9.3%,6.0-10.8).

1 In a systematic review and megmalysis of 15 articlesnd 47,910 patientd_opez_eon et al.
(2021) reported on the lonterm effects of COVHR9 (mean followup: 14-110 daysf*
Commoncardiovasculasymptoms weregooled meamprevalence, 95% Cbhest pain (1%o,
10-22), tachycardia (1%,9-14) andpalpitations (11%,-6L7).Myocarditiswas reprted in 1%
(04) of patients with PACS

Detdls of thepooledmean/medianprevalencemeasures reportedéh additionalincluded reviews cahe
found inAppendix BTable 6
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PRIMARY.ITERATURE

Eightprimaryobservational studies examined cardiovascular symptoamsistent with PAGSeven
used norCOVIBL9 comparison groups ar@he assessed symptoms onlypatients withCOVIBL9. The
primary studies were in agreement with the inclutigystematic reviews and metmalyses.

Twostudiesused norCOVIBEL9 comparatolgroups and examined cardiovasculsequelaeover

multiple follow-up periods!®2?°thevinski et al. (202I8xamined27,589%hospitalizedmatched pairs and
46,857non-hospitalized matched pairs 430, 3160, 6190 and 968120 days followup. Patients with
COVIELY, compared tahose withoutCOVIEL9, had significantly increased odds of developing acute
pulmonary embolism@R:2.3,95% CI1.1-4.8) at the longest available folleup time.In earlier follow
up periods, therevereincreased risks afther cardiovascular outcomes (e.g., chest pain, hypertension,
and myocarditisin patients with COVHR9; however, thesewere not sigificantly differentat the final
follow-up period.Sgrensen et al. (2022) (preprint) examined 61,002 SZdRZ-posdtive patients and
91,878 SARG0\V2-negative patients at 6, 9 and 12 months folloyy in Denmark?® Chest pain was the
only cardiovascular symptom reported, and prevalence (%) arpatignts withCOVIBL9 was not very
high, but there was greater risk (RD) amgadients withCOVIBL9 compared to patientaithout
COVIEL9: 6 months (3.1%, RD:12, 9 months (2.7%, RD8Land12 months (2.7%, RD: 1.7).

Fivestudies with noARCOVIBL9 comparator groups assessed cardiovascular symptomsistent with
PAC®ut did not do saat multiple followup periods3’*49.4445\ost results across these studies
indicated greater risk amongatients withCOVIBL9 thanthose withoutCOVIEL9 for developing
cardiovascular symptoms over various follaw periods. For exampléyoubkhani et al. (2021)
conducted a retrospeote cohort study of 47,780 patients discharged from had@ind 47,780 matched
controls* Mean followup time was 140 days. The rate of a major adverse cardiovascular event being
diagnosed was 3.0mes(95% ClI. 2:8.2)greater inpatients withCOVIBL9 versuspatients without
COVIBEL9. Estiri et al. (2021) reportechediovascular outcomesat 3-6 months followup that were
significantly associated with a previous COY®nfection inalded (OR, 95% CI): chest pdir8(1.09-

1.48 andpalpitations (.4, 1.221.64)3" Lund et al. (2021fpund SAR€0\,2-positive individuals were

at significanty increased risk of venous thromboembolism (RB::95% CI: 1.02.86), but were nott

a significantly increased risk of heart failure, stroke/transient ischemic attack or cardiovascular disease,
compared to SARSoV/2-negative individual4®

Onestudy assessed symptoms onlypatientswith GOVID19. Wang et al. (202) examined 23,505
patients withCOVIBL9 and 299,140 clinical notes from-8.0 days after their positive SARBV2

test, to develop a lexicon of PACS symptdhdommon cardiovascular PACS symptoms included chest
pain (L2.5%) and palpitatins (10.3%), which align relatively closely with the prevalence ranges from
review evidence described above.
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Other Symptoms
REVIEWS

A total of 25 systematic reviews reportpdoled mean/mediarprevalenceresults forother common
PACS sequelae

1 Fatigue range:23%-87% IQR: 32%18.25% 25 reviews
Arthralgia (joint pain) range: 9%55%, IQR: 13922.5%17 reviews
Hair lossrange:7%-29% IQR: 11%20.75% 15 reviews

Myalgia(muscle pain: range:6%-51% IQR: 11%23.5%16 reviews

=A = =4 =4

Decreased appetitendweight loss range: 36-31% IQR: 7.5%13.75%11 reviews
Fve key reviews included large sample siaes/or specifically investigated select organ systems

1 Chen et al. (2021) (preprint) conducted a systematic review and-areéysis (searched to
August 12, 2021) examining PACS symptoms at least 28 days after acute illness across 40 studies
and 886,388 patientst Common PACS symptonm®¢ledmeanprevalence, 95% CI) were
fatigue (23%, 1:238) and joint pain (13%;-29). The pooled prevalence results foryaigia, fair
loss, decreased appetite, diarrhea and fedat not exceed 10%

1 A systematic review and me&nalysigsearched to October 202by Alkodaymi et al. (2022)
included 63 studies an2b7,348patientswith COVIBL9.%2 Common symptomat 3-6 months,
6-9 months, 9-12 monthsand>12 months after acutenfectionwere (pooledmean
prevalence 95% Chatigue (32%22-44], 36% [2746], 37% [1662)]), joint pain (14% [427],
23%[15-31], 15% [8-23], NA), myalgia (12%+{22], 19% [#%35], 8% [3-14], 22% [6-46]),
diarrhea (10% [221], 5% [211], NA, NAand hair loss (9% [20], 10% [222], NA, 12% [24]).

1 Groff et al (2021) conducted a systematic revieVs7 studies and 25851 survivors of COVID
19who were assessed at least 30 days afrta SARE 0V2 infection?2 CommonPACS signs
and symptoms includefbooledmedian frequency, IQRatigue or muscleveakness (37.5%,
25.4-54.5), general pain (32.4%, 2238.4),hair loss (20.8%, 1723.4),myalgia (12.7%, 5-6
21.3), flu-like symptoms (10.3%, 4-59.2) and joint pain (10.0%, 6-19.0).

1 Ceban et al. (2022) conducted a systematic review (searchéan® 8 2021) and me&nalysis
examining &tigue and cognitive impairmeim patients after acute COWD, followup periods
ranged from 2.8 to 11.2 month€ 81 studies were included in the systematic reviawdthe
meta-analysis for fatigue include?b,268patients. The proportion of fatiguat 12 weeks post
acute infection was 0.32 (95% CI: 0@37).

1 In a sgtematic review of 15 articles and 47,910 patiethtspezLeon et al. (2020reported on
the longterm effects of COVHR9 (mean followup: 14-110 days§* The most common
persistent symptorafor other organ sgtemswere (ooledmeanprevalence, 95% Btigue
(58%, 4273), hair loss (25%;1: 1+43), arthrdgia (19%, Cl:-B4), sweats (1796-30),
nausea/vomiting (1694,0-23), digestive disorders (12%,-18),weight loss (12%/-18), skin
problems (12%,-718), general pain (11%5-18) and fever (11%-85).

Detals of thepooledmean/medianprevalencemeasuregeportedin additionalincluded reviews cahe
found in Appendix Blable 7
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PRIMARY LITERARE

Nineprimary studies examinedther symptomsconsistent with PAG8ightused norCOVID19
comparison groups and orassessed symptoms onlypatients withCOVIBL9. Due to widely varying
symptoms andutcomes measures, results are reported for eaehlyg. The primary studies were
generallyin agreement with the included systematic reviews and rrastalyses.

Fourstudies used not€OVIBL9 comparator groups and examined symptoamsl outcomegonsistent
with PAC®ver multiple followup periods.

1 hevinski et al. (2021) examin€@RACSynptoms at four followup periods(1-30, 3160, 6190
and 96-120 dayyamong 27589hospitalized matched pairs and 46,857 Awwspitalized
matched pairg® Non-hospitalized patients witlCOVIBL9 had significantly increased od@@R,
95% ClIpf developingmalnutrition (2.Q 1.1-3.5), bacterial infectior(1.6, 1.12.2), septicemia
(1.9, 1.22.9), urinary tract infection (4, 1.0-1.8), pressure ulcer (3.0, £6.1)andgout (2.2,
1.1-4.5)at the longest available followp compared tcmon-hospitalizedpatients without
CO\VD-19. There werssignificant differences betwegpatients withCOVIBL9 and those
without COVIEL9 forother outcomes irearlier followup periods (e.g. nausea/vomiting,
diabetes mellitus with complication, fever, fatigubowever, these were not significantly
different from the matched comparators by the final follay.

1 Estiriet al. (2021examined22,475non-hospitalized patient recordOutcomes were assessed
at 3-6 and 69 months after acute infectioff. Chronic fatigue syndrome was significantly
associated with a previous COVID infection at both followup times (OR, 95% Cl}:@months
(2.6, 1.22 2.10) and 69-month (2.0, 1.333.11). Type 2 diabetes mellitus was significantly
associated with previmSARE 0\ 2 infection at 3-6 months followup (1.4, 1.221.64),no
results were reported for-8@ months followup.

1 Sarenseret al. (2022) (preprint) examined 61,002 SARS2-posgtive patients and 91,878
SARE0V2-negative patients at 6, 9 and 12 montladlow-up in Denmark?® Symptom
prevalence (%) amongatients withCOVIBL9 andRDcompared to controlsvere reported for
fatigue/exhaustion (6 monthst2.3%, RD8.8; 9 months:11.2%, R8.5; 12 months9.9%, RD:
7.0) andreduced strength in arms/legs (6 montt&8o, RD5.2; 9 months5.6%, RD4.7; 12
months:5%, RD4.0).

9 Taquetet al. (202h) conducted a cohort study in the US with 273, Giients withCOVIBL9
and a matched cohort of 11449patients diagnosed with influenza who were followed up to 6
months after infection®

T Including results froni—180 days follow-up (i.e., including the acute infection periqd)
prevalenceof other outcomesn those withCOVIBL9 and influenzasespectively, were
(prevalence95% CIHR: abdominal symptoms (17.3%, 16-87.8 versud.1.4%, 1P2-117,
HR: 16), fatigue (126%, 122—-13.0 versu$%.8%, 6.67.0, HR: 1.9 general pain (12%,
11.712.5 versus.3%, 8.18.6, HR: 15) andmyalgia (3.7%, 3-8.9 versu.2%, 2.12.4,
HR: 17).

1 Outoomes reported in th&®0-180 dayfollow-up period (i.e., excluding the acute infection
period)in patients with COVHR9 and influenza, respectivelyere (prevalence, 95% ClI,
HR) abdominal symptoms (1%, 10.1611.22 versu$.8%, 6.647.06, HR: 16), fatigue
(6.4%, 5.996.79 versus.7%, 3.583.89 HR: 1.8 general pain (8.5%, 8.08.00 versus
5.5%, 5.335.72 HR: 1.5and myalgia (2%, 1.822.28 versud.3%, 1.1#1.36 HR: 17).

PostAcute CO\D}-19 Syndrome (PACS) in Adults 15



Fourstudies used not€OVIBL9 comparator groups but did not assess outesitonsistent with PACS
over multiplefollow-up periods.

1 A-Aly et al. 2021) investigated symptoms among users of the US Veterans Health
Administrationincluding73,435patients withCOVIEL9 and4,990,835atients withoutCOVID
193°The authors reported several outcomas30 days posinfectionassociated with COVAL®
infection compared to no COD infection, measured axcess burden per 1,000 persons
(95% Cl)musculoskeletal pain (13, 9.89-17.71) fatigue (12.6, 11.2413.93) disorders of lipid
metabolism (12.3, 8.18.6.24), diabetes mellitus (8.2, 6-395), obesity (9.5, 7.581.37),
esophageal disorders (6.9, 4:8807), abdominal pain (5.7, 3-7.62),musde disorders (5.7,
4.60-6.74) anemia (48, 3.53-5.93), gastrointestinal disorders 632.154.88) and dysphagia
(2.8, 1.793.76).

1 Ayoubkhani et al. (2021) conducted a retrospectiobort study of47,780patients withCOVID
19 discharged from hospitahd 47,780 matched controls with no COMMinfection? Mean
follow-up time was 140 day3.he rate (95% CI) of being diagnosed with chronic liver disease,
chronic kidney disease, and diabetes were 2.842@), 1.9 (1.42.1) and 1.5 (1-41.6) imes
greater, respectively, ipatients withCOVIBL9 than in patients without OVID19.

1 Bowe et al. (2021) investigated kidney outcomes an®@®@16 survivors of COVID (5.2%)
and 1,637,467 noinfected controls (94.8%6).Median followup times wee 164 days for
patients withCOVIBL9 and 172 days fahose withoutCOVIEL9. Patients withCOVIBLY were
found to be at higher risk all measured renal outcomes compared to controls, includiig (
95% Clacute kidney injuryl1.9, 1.862.04),estimated glomerular filtration ratedecline(eGFR)
>30% (13, 1.14-1.37), eGFR declirg0% (1.4, 1.371.51), eGFR declir®0% (1.6, 1.541.74),
end-stage kidney diseaq8.0, 2.49-3.51) andnajor adverse kidney even(s.7, 1.58-1.74)

9 A cohort study by Lund ei. (2021) conducted in Denmark included488non-hospitalized
SARS 0V2-positivepatientsand 80,894 SARSo\/2-negativecontrols* Followup ranged
from 2 weeks to 6 month$®atients withCOVIEL9 were not found to be at significantly higher
risk of developing acute kidney disease, diabetes mellitus, fatigue especific pain compared
to those withoutCOVIEL9.

One studyassessed symptoms onlypatients withCOVIBL9. Wang etal. (202) examined records

from patients in the US, focusing on clinical notes from130 days after their positive SARBV2 test,

to develop a lexicon of PACS symptdis. total, 23,505atients withCOVIBL9 and 299,140 clinical

notes were used to calculate the frequencyRACS symptoms. CommEri0% prevalencesymptoms

included pain (43.1%), joint pain (21%), nausea/vomiting (19.9%), myalgia (19%), gastroesophageal

reflux (18.6%), bk pain (16.9%), fever (14.7%), swelling (14.7%), bleeding (14.7%), weight loss (14.2%),
abdominal pain (14.1%), dizziness (14%), weakness (12.3%), constipation (11.9%), skin lesion (11.95) and
rash (11.4%).
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Impacts ofPAC®n Daily Living

Reviews

A total of14 systematic reviewseported pooledmean/median prevalenceesults estimatinghe
impactsof PAC®n daily living

T
T
T
T

T

Decreased quality of lif¢QoL). range:309%-59% IQR: 40.5%7%,6 reviews
General pain and discomfortange:13%-66% IQR: 28%37.25%9 reviews
Impaired activity and functionrange: 17%63%, IQR: 27.75%47%,8 reviews
Mobility decline:range:7%-68% IQR: 18.75%34%,8 reviews

Difficulty with self-care range: 6%-68% IQR: 8%29.75%,5 reviews

Threekey reviews included large total sample siaed/or investigated daily living dpoLoutcomes
across studiethat useda validated tool (e.g., EGDSLE Q- VA S

T

Groff et al (2021) conducted a systematic reviefs57 studies and 25851 survivorassessed

at least 30 days after acute infecti@hCommondailyimpairments related to PACS included

(pooledmedian frequency, IQR)mpairmentin general functning (44.0%, 23-462.6), mobility
decline (20.2%, 14-30.6% and reduced exercise tolerance (14.7%, 1€.8.9).

Jenning®t al. (2021) conducted a systematic revi@garched to April 2021f 39 studiego
examine PACS symptoraisdimpactson QoLat two follow-up periods, 412 weeks and >12
weeks after initial infectior® Thepooledmeanprevalence ofQoLimpacts measured with the
EQ5D-5L tool,were decreasedQol @-12 weeks40%,>12 weeks57%), decrease in usual
activities §—12 weeksNA,>12 weeks23%), mobility issueg{12 weeks51%,>12 weeks:
32%), pain or discomfort{£12 weeksNA,>12 weeks36%) and issues with selére 412
weeks:NA,>12 weeks10%).

Malik et al. (202) conducted a systematic review and metaalysis to examine symptoms of
PAC&nd impacts of PACS omfition across 12 studies and 4,828 patients, foHopvtimes
ranged from 36180 days'® An owerall pooledmeanprevalence resulivas reported for poor
QoL measuredby theE Q - \fjdeSionnaire where higher scores represent better subjective
health: 59% (95% CA42-75). Additiorally, authors pooled prevaleneesults of individual
factors i n ttiomair&lQghds forés kepresenensore problemvgh the
specified factor): mobility (36%40-67), personal care (8%;21), usual activities (28%2:65),
pain/discomfort (42%28-55) and anxiety/depression (38%d,9-58).

Detdls of thepooled mean/mediamprevalencemeasuregeported inadditionalincluded reviews cate
found in Appendix Ciable 8

PrimaryLiterature
None of the included primary studies reported on daily functionin@okoutcomesrelated toPACS
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Risk Factordssociated with PACS

From three metaanalyses aneightprimary studies, thenost commonly reportedisk factors for
developing PACS®/here over 50% of the studies found a significant resudte:

1 Increased disease severity during acute infecti@ 11 studies with significarfindings
1 Female sex6/11 studieswith significant findings

Aspects of age, emorbidities, preexisting conditions and racgere less commonly associated with
predicting the occurrence of PACS.

Reviews

Threesystematic reviewperformedmeta-analyseon potentialrisk factors fodeveloping PACB434°
Two of these metanalyses noted an increased risk of PACS for those with incrdessdeseverity
during the acute phase of disease (2/3 studies) followed by female sex (1/3stlidi@systematic
review and metaanalysis by Premraj et al. (2022) (searched to August 1, 2021) examined
neuropsychiatric sequelaa mid-term (3-6 monthg and longterm (>6 monthg follow-up, and included
19 studies withL 1,324 patients In contrast to the other two reviews, results showeatignts who
were hospitalized during acute infection were less likely than-hospitalized patients to develop loss
of smell,anxiety,depressiontaste dysfunctionfatigug headache, myalgiand sleep disturbance at
the 3-6 monthfollow-up, however lospitalization was significantly associated with increased-poste
memory issuesCohorts with >20% of patients admitted to the ICU haudgherprevalence of anxiety
and depression compared to cohenvith <20% of patients admitted to the ICU.

Five gstematic reviews addressed potentigdk factors associated with developing PACS; however,
these systematic reviews did not perform metaalyseg!2:345051These systematic reviews highlighted
primary literature studies that identified several risk factors, includiligr age, femalsex

hospitalization during acute illness, dyspneaidg acute illnesssymptom load during acute illness and
comorbidities.These systematic reviews additionally highlighted inconsistency in factors that contribute
to increased risk of PAAS.a publication by the Ontario COVID Science Table, the primary risk

factors fordeveloping PACS weirecreasedacute-disease severity, highody mass indexXemale sex

and increasingge’

Primary Literature

In eight primary studies investigating the risk factors associated with developing PACS, the main risk
factors identified were in@aseddisease seerity during the acute phase of disease (B/&male sex

(5/8) and having prexisting caditions or cemorbidities (4/§.18192930.37.38525djcations ofncreased
disease severitincludedmeasures of hospital admission, ICU admission, mechanical ventilation, need
for supplemental oxygergnd thenumber and types of symptoms during acute infectibna cohort

study, using th&JS Deartment of Veterans Affairdatabase, Xie et al. (2021) investigated PBCS
181,384 peoplavho had COVH29 compared to 4,397,509 nenfected controls The risk of

developing at least one PACS symptom increased with disease severitgdttargduring acutephase
used as groxyfor disease severijyafter 6 months nonhospitalized 41 per 1,000 patients; 95% CI:
38.842.3), hospitalized¥581,000; $% CI1153-164) andICU (227/1,000; 2-239). The most

prevalent PACS symptoms were shortness of breath, sleep disorder and chest pain. The median age of
patients was 67.1 years (IQR: 534.5) 905% were male and 76.6% were white.

Please refer to Appetix D,Table9 for all risk factors reporteth the studies described above.
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Limitations

We acknowledgehat 18%of the research articles in this rapid review were rpeer-reviewed, preprint
articles. Considering the rapid emergerase dynamic naturef the COVIEL9 pandemic, the volume of
preprint research is expected given the need for rapid dissemination of 8aides used different
follow-up periods and used different time points for determining folap periods; e.g., time from
hospital discharge, time from negative test, and time from symptom onset in acute stage of disease.
addition, as the followup periodincreased, the sample size of patiegenerallydecreased; therefore,
we likely oveirepresent relatively shorterm sequelae

The expected limitations associated with systematic reviews and-aredyses apply to our rapid

review as well. First, we ditbt include norEnglish studies and we possibly missed additional articles of
interestin other languagesSecond, welid not check systematic reviews for overlafncluded primary
studies, therefore primary studies may have appeared in more tharirmhededreview. Thirdly, the

high levels of heterogeneity in systematic reviews and ragtalyses made it difficult to compare

findings between studiesand likely the result of primary studies being mostly observational in nature
with variable followup petiods Fourth, systematic reviews and metmalyses did naalwaysinclude

overall demographics of study population, including mean/median age of patients, sex proportions and
ethnic/raceinformation.

A limitationof this rapid reviews that symptomscorditions, and levels of functioat baseline or

before SAREC0VL2 infectionwere often unknown. Without preCOVIEL9 clinical assessmerasid

control groups it is difficult to attributePACSymptoms solely to COI®. There was no consistent
definitionof* PACS&4nd we accepted aacttdhsympomsinanest studiéstiti o n s
was not possible to determine the proportion of cases that RALC Symptomsor sequelagbut who

had completely recoverddin contrast to those with ongoing synguhs from a lack of complete

recovery from infectiorfpatients with continued SARSV2 present in the bloojl The impact of

seeking health care/use of health care resources as a result of PACS symptoms was not in scope of this
review, however would be usd to investigate in future work-ew studies examined PACS symptoms
over several followup periods, making it difficult to understand how long specific PACS symptoms last.
Among systematic reviews and medaalyses, along with primary studi¢lsere wasno standardizabn

of symptom definitionsaand diagnostic criteriée.g.,validated seHreported questionnaires versus clinical
assessmensincluded studies wertikelybiased towards studies where patients were tested byPRR

for SARE0V2 infection.A bias towards positive test subjects means underrepresentation of those
without access to testing, those with asymptomatic infectosrmild infection and those withbarriers

to accessing healthcar®lost systematic reviews and metmalyses, along withrimary studies, used
subjective assessments of symptoms, which magffectedby recall bias.

Few studies includedon-COVIBL9 comparator groupsand among those studies the comparator
groups were heterogeneous (e.g., healthy controls, patients withenza or other norCOVIBL9
diagnoses)lt remains uncleathe extent to which somgersistent symptoms are due to public health
measureqlockdowns, physical distancingre-existing conditionperceived infectioror other potential
confounding factos, rather thanSARSC0\2 infection itself further casecontrol studies would help
disentangle the contribution of publitealth measures and infection &ymptoms consistent witRACS
In additionto public health measuredCU admission, invasiwgchanical ventilation, corticosteroids,
and other medical treatments may contribute emtcomes consistent witPACSand not necessarily
due tothe infection itself. In addition, the majority of patientgith COVIBEL9 who werestudied were
hospitalized ad likely had more severe disease, leading to higher prevaleneAG8ymptoms. The
prevalence estimates reported this review may not be generalizable togdtients withCOVIBL9.
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Conclusionaind Public Health Implications

The literature identifiedhat approximately 50% of patientsith COVIEL9 mayexperience PACShe
most commonly reportedequelaeaffectedmultiple organ groupsnegative effects on mental health
were also among commonly reported sequelaed contributed to alecreased qualityf life, noting
that the results were highly heterogeneoumpactson mental health, respiratory function and quality
of life have been observed followirgher viral disease$:or example, following historical influenza
pandemics, Severe Acute Respirgt&yndrome (SARS, caused by SARE) and Middle East
Respiratory Syndrome (MERS, MERS'), common lonrterm consequences includddtigue, shortness
of breath, decreased quality of life aadixiety>#*® In a systematic review and megmalysis of 28
studies of hospitalized patients with SARS or MBR®ths after admissior2 months after

dischargg, Ahmed et al. (2020) reported that over 25% of patients experienced reduced lung function,
reducedcapacity to exercise, PTSD, depression and an¥Xiety.

Care for patients with PACS will likely place added stresses on the ba@dthnd social support
systems, including increased emergency department visits, outpatient care, inpatient care and
rehabilitationinvolving multidisciplinary teant$?! Given the wide variety of persisteaymptomsand
sequelae associated with PAGhlights the need for mukldisciplinary cargguidance is currently being
developed for the assessment and management of patients with FAC®ere will need to be

ongoing research and study to further chaterize PACS2%” Funding will be necessary to support
multidisciplinary maels of care for the large number of patients with PACS in Ontario.

Furtherlongitudinal, standardized, casmntrol and large prospective cohort studies aeeded to
characterize the prevalenad PACSPACS symptoms and thisk factors for developinBACSSome of
the research needs include:

1 Refining and dveloping a standardized definition of PACS

Developing standardized definitions of PACS symptomsesmectivediagnostic criteria
Further researclinto the risk factors associated with developingG&\

Comparison of PACS atined sequelae of other respiratory infections

Determining baseline, pranfection comorbidities

Determining the duration of PA@&d PACS symptoms

Determining the biological and physiological processes contributing to PACS
Determiring the impact of medical treatments on PACS

Determining if PACS and PACS symptoms differ among variants of concern (VOCs)

= = =4 -4 -4 - -a _-a -2

Determining if vaccination status has an impact on the development of PACS
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Appendix B. Summaries of PA@&@om Prevalence by Orgary§em

Table3: Pooled mean/mediarprevalence of rurological sequelae in PACRYiews n=26)

FirstAuthor
Aiyegbusi®
Alkodaymt?
Anay#&®
Badenock?
Cabrera Martimbianct
Cebar*
Cheri!
Dela-RosaMartinez®

Deef®

Fernandeze-Las
Pefiag®

Groff?
Harr®

Hoshijima*

Concentration
impairment

NA
22
23
NA
57

NA

27

85

NA

24

18

12

Smell
Dysfunction

14

12

11

11

26

NA

14

13

NA

13

19

Cognitive
impairment

NA
15
15
20
57
22
NA
NA
19
NA
17
NA

NA

Memory
impairment

NA
NA
12
NA
57
NA
13
23
16
NA
19
19

14

Headache

18

10

14

39

NA

20

23

16

Taste
Dysfunction

7

22

NA

12

16

NA

11

14
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Concentration Smell Cognitive Memory Taste
ARl impairment ‘ Dysfunction ‘ impairment impairment Headache Dysfunction

Igbal* 24 17 NA 17 12 18
Jafar? NA 27 NA NA NA NA
Jenning® 11 10 15 35 17 8
Khraisat® NA NA NA NA NA NA
Long?® NA 11 NA 35 15 10
LopezLeort* 27 21 NA 16 44 23
Malik*® NA 20 NA NA 21 NA
MichelirP? 3 15 NA 18 5 14
Nasserié® 22 11 17 28 NA 9
Natarajart® 20 15 29 18 11 12
Premraj® 22 12 NA 27 10 11
ReyesDomingd? 9 13 29 11 9 7
VanKesseF NA 20 10 NA 38 20
Range (0. studies) 3-85 (17) 6-27 (23 15-29 (12 11-57 (19 4-44 (29 4-23 Q1)
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Table4: Pooled mean/mediarprevalence of matal health sequelae in PAC&yiews n=22)

FirstAuthor
Alkodaymi?

Anay&®

Badenock¢

Cabrera Martimbianct
Cheri!
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Deef®
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Khraisat®

Long?®

LopezlLeort*

‘ Anxiety

23

25

19

25

10

33

22

30

22

11

29

34

22

33

13

‘ Sleepdisorder

30

19

27

53

13

29

32

27

12

26

44

33

35

27

11

Depression

23

25

13

25

10

19

21

20

23

12

20

32

21

33

12

Posttraumatic stressdisorder

NA

43

16

57

NA

NA

14

13

NA

NA

NA

18

20

NA

PostAcute CO\D-19 Syndrome (PACS) in Adults

37



Michelirp? 19 18 8 9

Natarajart® 28 22 22 12

ReyesDomingd? 32 15 17 18

Range (v. studies) 11-34 Q2) 11-53 1) 8-33 (22 1-57 (14
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Table5. Pooled mean/mediarprevalence of espiratory sequelae in PAC&yiews n=22)

FirstAuthor
Aiyegbusi
Alkodaymt?

Anay#&®

Cabrera Martimbianct

Cherit

Dela-RosaMartinez?

Deef®
Groff?
Harf©
Hoshijima*
Igbal*
Jenning®

Long?®

LopezLeort*

Malik*®

Dyspnea

32

31

35

61

14

35

35

30

18

25

39

40

33

24

40

‘ Cough

18

17

59

19
16

13

19
11
22
17
19

23

‘ Sputum
NA

NA

12

59

NA

20

NA

NA

13

NA

‘ Nasal congestion
NA

NA

17
NA
16
20
NA
NA
10
NA
NA
NA
NA

NA

Sore throat

NA

NA

12

11

NA

12

NA
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Nasserié 36 17 NA NA NA

Reyes Domingd 18 7 10 1 3

Van Kessél 71 43 NA NA NA
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Table6. Pooled mean/mediarprevalence of ardiovascular sequelae in PAQ8Yiews n=21)

Author Myocarditis Chest pain Palpitations Pericardial effusion
Aiyegbusl NA 15 NA NA
Alkodaymt? NA 8 14 NA
Anay#&® 10 16 12 27
Cabrera Martimbianct NA 89 62 NA
Cheri! NA 5 NA NA
Dela-RosaMartinez3 1 13 NA 9
Deef® 20 14 13 13
Groff?? NA 13 9 NA
Han'® NA 5 5 NA
Hoshijima* NA 17 11 NA
Igbal* NA 17 NA NA
Jemings® NA 10 20 NA
Long? NA 7 11 NA
LopezLeort* 1 16 11 NA
Malik*® NA 10 NA NA
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Nasserié NA 13 NA NA

Ramadaf? NA 25 NA 15

Van Kessél NA 24 NA NA
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Table7. Pooled mean/mediarmprevalence ofother-organsystem sequelaén PACSréviews n=25)

. .| Hair . Decreased appetite or Diarrhea or Conjunctivitis or red
Author Fatigue | Arthralgia Myalgia ) PP - J Fever
loss weight loss vomiting eye
Aiyegbusi® 47 20 NA 25 NA 6 NA NA
Alkodaymt? 41 15 12 22 NA 5 NA NA
Anay&8 46 16 18 16 8 10 3 9
Badenoch? 24 NA NA NA NA NA NA NA
Cabrera 64 55 29 51 NA 33 14 20
Martimbiancd®
Cebari* 32 NA NA NA NA NA NA NA
Cheri? 23 13 7 6 6 3 NA 2
DR 49 77 20 27 7 7 14 4
Martinez3
Deef® 45 14 19 14 31 4 9 30
Groff? 38 10 21 13 NA NA NA 1
Harr® 28 26 7 10 NA NA NA NA
Hoshijima* 45 13 10 11 10 6 NA 12
Iqbal“ 48 NA NA NA NA NA NA 7
Jenning® 44 13 20 34 13 8 NA 8
Long?® 47 12 24 13 14 3 NA 2
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Author ‘ Fatigue ‘ Arthralgia Il: zg ‘ Myalgia \3:;2:1;22 appetite or ’ 5;?,::2,?: or ’ ;(l);junctivitis orred | coer
LopezLeort* 58 19 25 NA 12 16 6 11
Malik*8 64 24 NA NA NA NA NA NA
Michelirrt 31 9.4 14 11 18 10 2 1
Nasseie?® 40 NA NA NA NA NA NA 1
Natarajar® 29 28 20 13 5 15 NA 3
Premraj® 37 NA NA 18 NA NA NA NA
Rad® 52 NA NA NA NA NA NA NA
Reyes Domingé 25 10 7 9 8 5 2 1
SancheRamirez® 38 NA NA NA NA NA NA NA
Van Kesséi 87 NA NA NA NA NA NA 22
Range (no. studies) (223;;3 ! 9-55(17) (712)9 ?12)1 6-31 (19 3-33(19 2-14(7) (112;3
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Appendix CSummary of tdies onlmpacts to Daily lzng

Table8: Pooled mean/mediarprevalence of thempacts to daily livingn PACSréviews n=14)

Author

Anay#&®

Cabrera
Martimbiancd®

Cebar*

Deef?®

Groff?

Igbal*
Jenning®
Malik*®
MichelirP?
Natarajart®
Premraj®

Reyes Domingé

SancheRamirez®

Decreased quality of
life

NA

NA

NA

NA

NA

51

57

59

37

NA

NA

30

Impaired activity and
function

NA

50

63

NA

44

NA

23

28

NA

NA

NA

17

36

Mobility
decline

NA

68

25

20

NA

32

36

NA

15

NA

22

NA

General pain and
discomfort

30

66

NA

30

32

NA

36

41

NA

13

28

28

NA

Difficulty with self-
care

NA

NA

68

NA

NA

NA

10

NA

NA

17

NA
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Van Kessél NA 33 NA NA NA

Range (n studies) 3059 (6) 17-63 (8) 7-68 (8 1366 (9 6-68 (5)
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Appendix D. Summary ofdRFactors forDevelopingPACS

Table9. Risk factors contributingo PACSreviews n=3; primary studies n=8)

Number of mtients
with COVID19
(controls)

First Author
(country)

Systematic reviews
and metaanalyses

Lond? (multiple) 4,478

Premraf® (multiple) 11,324

Rad?® (multiple) 9,362

Primary literature

Chevinsk? (US) 74,446(74,446)

Estri®” (US) 22,475(73,550

Jovanosk? (US) 57,748(NA)

Klase?® (UK) 35,827(386,15()

SIS 61,002(91,879

(Denmark)

TaquetA®* (US) 273,618(114,449
i 8

Whltal_<eﬂ- 53,309 (NA)

(preprint) (UK)

Minimum follow-up since
symptom onset or
discharge(days)

30

90

12

30

90

90

30

180

30

Factors associated withn increased risk of developing one or moRACS
symptoms

Increased disease severity
Increasedlisease severity

Female sex

Increased disease severity

<65 years old

Increased disease severifigmale sexincreasing age (184 years for mental
health), non-Hispanic and whiténon-Higpanic only for cardiovascular
sequelae)increased preexiting conditions or canorbidities

Increased preexiting conditions or canorbidities

Increased disease severity; female sex

Increased disease severifigmalesex and decreasing age for mental health
sequelae male sex and increasing age for respiratory sequelae

Increased disease severifigmale sexincreased preexisting conditions and
co-morbidities
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_— Increased disease severifigmale sexincreased preexisting conditions and
XieB® (US) 181,384(4,397,509 30 days co-morbidities

Increased disease severityring acute phase of ilineskospital admission, ICU admission, supplementary oxygen, more symptoms during acuteRpease
existing conditions and emorbidities: high/low BMI, asthma, previous mental health condition
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