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Définition OMS: affection posCOVID (Post

COVID condition)
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Les différents»états» du postcovid

Post-acute sequelae of SARS-CoV-2
Post-COVID-19 conditions
Post-COVID-19 syndrome

|

(

Post-hospitalization
syndromes

Examples
Post-ICU syndrome
Deconditioning

§ | ]

Exacerbation of pre-existing Incident medical New or worsened symptoms
medical condition diagnoses not explained by known

medical condition
rﬁ\s
(

Examples Examples Example
Worsened diabetes Pulmonary embolism Long COVID symptoms
Worsened lung disease Stroke
Worsened headache disorder Myocardial infarction
Worsened ME/CFS Autoimmune disorder

Pelusoet alCell2024



Définition des cas de COMIiinhg

Table 1. Components of Long Covid Definitions.*
U.s. CDC, U.K. NICE, U.S. OASH, WHO Adults, WHO Children, U.S. RECOVER, NASEM,

Elements of Disease Definition 2020 2020 2022 2022 2022 2023 2024°

Classification

Uses the term “long Covid"” Yes No Yes No Mo Mo Yes

Describes long Covid as a disease state No Mo Mo Ne Mo Mo Yes

Places long Covid among infection-associat- No Mo Mo No Mo Mo Yes
ed chronic conditions
ribution fo infection

Allows inclusion of asymptomatic, mild, or Yes MNo No No Mo Yes Yes
severe acute SARS-CoV-2

Requires proof of confirmed or probable infec- No No No Yes Yes MNo No
tion or requirement of SARS-CoV-2 test

Timing

States symptoms or conditions present for Mo Yes Mo No MNo Yes Yes
at least 3 mo

Indicates continuous or delayed onset of Yes Yes Yes Yes Yes Yes Yes
symptoms or conditions

Clinical features

Indicates long Covid is a single or multiple No Yes Yes No Mo Yes Yes
organ disease state

Includes new clinical features or exacerba- No No No Yes Yes Mo Yes
Llign of preexisting features

Mentions severity of symptoms Mo Mo Yes No Mo Yes Yes

Describes continuous, relapsing—remitting, No Yes Yes Yes Yes Yes Yes
or progressive nature of symptoms

Includes language on recovery timeline (can No No Mo No Mo Yes Yes
resolve or persist for months to years)

Patient-oriented features

Includes equity language MNo Yes Mo No Mo No Yes

Highlights effect on daily functioning No Mo Mo Yes Yes Yes Yes

Incorporates alternative diagnoses No No MNo No Yes Mo Yes

Indicates that diagnosis is a clinical judgment No No Yes No Mo Mo Yes
due to absence of proven biomarkers

Includes risk factors No Mo Yes No Mo Mo Mot

Ely E et col, [EnglJ Med, 2024



Définition des cas de COMIiinhg

BOX 1. 2024 NASEM LONG COVID DEFINITION*

Long Covid is an infection-associated chronic condition that occurs after SARS-CoV-2
infection and is present for at least 3 months as a continuous, relapsing and
remitting, or progressive disease state that affects one or more organ systems.

Long Covid manifests in multiple ways. A complete enumeration of possible signs,
symptoms, andldiagnosable conditions of long Covid would have hundreds of entries. I

Any organ system can be involved, and patients can present with the following:

- Single or multiple symptoms, such as shortness of breath, cough, persistent
fatigue, postexertional malaise, difficulty concentrating, memory changes, recurring
headache, lightheadedness, fast heart rate, sleep disturbance, problems with taste or
smell, bloating, constipation, and diarrhea.

- Single or multiple diagnosable conditions, such as interstitial lung disease and
hypoxemia, cardiovascular disease and arrhythmias, cognitive impairment, mood
disorders, anxiety, migraine, stroke, blood clots, chronic kidney disease, postural
orthostatic tachycardia syndrome and other forms of dysautonomia, myalgic
encephalomyelitis—chronic fatigue syndrome, mast-cell activation syndrome,
fibromyalgia, connective-tissue diseases, hyperlipidemia, diabetes, and autoimmune
disorders such as lupus, rheumatoid arthritis, and Sjogren’s syndrome.

Ely E et col, [EnglJ Med, 2024
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Prevalencales
symtpoemset
attribution aux SARS

Co\2

ECDC+/Sero- ECDC+/Sero+ OR aOR*
N=3534 N=494 [95% ClI] p [95% ClI] 4]
At least one persistent symptom 1364 (38.6%) 213 (43.1%) 1.21[1-1.46] 0.05 1.14 [0.91-1.42] 0.25
IDysgeusia/anosmia 65 (1.8%) 64 (13.0%) 7.94 [5.54-11.39] <0.0001 6.83 [4.47-10.42] <0.0001 '
Cardiothoracic complaints
M 118 (3.3%) 13 (2.63%) 0.78 [0.42-1.35] 0.41 0.70 [0.33-1.31] 0.29
mea 134 (3.8%) 35 (7.1%) 1.93[1.32-2.81] 0.0008 1.69 [1.07-2.60] 0.02 '
Thoracic pain 85 (2.4%) 19 (3.9%) 1.62 [0.95-2.63] 0.06 1.15 [0.61-2.06] 0.65
Palpitations 74 (2.1%) 16 (3.2%) 1.57 [0.87-2.64] 0.11 1.23 [0.63-2.26] 0.53
Pains
Backpain 356 (10.1%) 38 (7.7%) 0.74 [0.52-1.04] 0.10 0.78 [0.52-1.15] 0.22
Arthralgia 364 (10.3%) 48 (9.7%) 0.94 [0.68-1.27] 0.69 1.02 [0.69-1.46] 0.92
Myalgia 206 (5.8%) 28 (5.7%) 0.97 [0.63-1.43] 0.89 0.82 [0.49-1.31] 0.42
Headache 119 (3.37%) 23 (4.66%) 1.40[0.87-2.17] 0.15 1.11 [0.64-1.85] 0.69
Digestive complaints
Nausea 17 (0.5%) 0 (0.0%) - - - -
Diarrhoea 51 (1.4%) 6 (1.2%) 0.84 [0.32-1.82] 0.68 0.61 [0.21-1.48] 0.31
Constipation 75 (2.1%) 7 (1.4%) 0.66 [0.28-1.35] 0.30 0.38 [0.11-0.99] 0.08
fAbdominal pain 126 (3.6%) 11 (2.2%) 0.62 [0.31-1.10] 0.13 0.51 [0.24-0.96] 0.05 ‘

Other complaints

Asthenia <0.0001
Cognitive complaints 190 (5.4%) 45 (9.1%) 176 [1.24-2.45) 1.47 [0.98-2.16]
Fever 17 (0.5%) 2 (0.4%) 0.84 [0.13-2.94] 0.82 0.68 [0.10-2.84] 0.64
Cranial nerves abnormalities 9 (0.3%) 0 (0.0%) - - - -

¥ Sensory disorders 126 (3.6%) 7 (1.4%) 0.39 [0.16-0.78] 0.02 0.40 [0.16-0.85] 003 |
Talk abnormalities 22 (0.6%) 4 (0.8%) 1.30[0.38-3.42] 0.63 1.00 [0.21-3.41] >0.99
Auditive disorders 107 (3.0%) 9 (1.8%) 0.59[0.28-1.12] 0.14 0.62 [0.25-1.32] 0.26
Dizziness 45 (1.3%) 10 (2.0%) 1.60 [0.76-3.07] 0.18 1.54 [0.65-3.35] 0.30
Vertigo 7 (0.2%) 0 (0.0%) - - - -

I Sleep disorders 556 (15.7% 56 (11.3% 0.68 [0.51-0.91 0.01 0.69 [0.49-0.95 0.02
Skin disorders 136 (3.9%) 13 (2.6%) 0.68 [0.36-1.16] 0.18 0.61 [0.29-1.15] 0.15

Robineau et col, Lancet rétpalthEurope, 2022
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Sante Publique France(22/03/28/04/22)
0% (3.74.2) de la population adulte

Table S3. Profiles of WHO defined PCC and self-reported long COVID (confirmed SARS-COV-2 of more than 3 months, N= 1,095 and 573)

50
WHO defined PCC  Self-reported long COVID
Sex Women 664 (61) 363 (63)
Age 18-24 years 107 (10) 53(9)
40 25-34 years 304 (28) 158 (28)
35-44 years 213 (19) 107 (19)
- 45-54 years 194 (18) 112 (20)
E 55-64 years 153 (14) 81 (14)
o 30 > 65 years 124 (11) 62 (11)
i Education Less than secondary 217 (20) 142 (25)
o Secondary 242 (22) 122 (21)
. Tertiary (1-3 years) 392 (36) 195 (34)
E 20 Tertiary (>3 years) 244 (22) 114 (20)
v Living alone 200 (18) 98 (17)
as Employment status Paid employment 788 (72) 409 (71)
i Unemployed 39 (4) 24 (4)
Retired 243 (22) 126 (22)
Other inactive 25 (2) 14 (3)
Occupation Company manager, entrepreneur 33(3) 21(4)
0 Senior manager, professional 232 (21) 119 (21)
0 3 6 9 12 15 18 21 24 Middle manager, teacher 162 (15) 85 (15)
Office employee 370 (34) 190 (33)
. . . X Manual worker 31(3) 18 (3)
Time since infection (months) No occupation, retired or studying (inactive) 268 (24) 140 (24)
Workplace SARS-CoV-2 Yes 325 (30) 205 (36)
Attrl butlono exposure No 607 (55) 299 (52)
. Don't know 164 (15) 70 (12)
Symptoms Fatigue 779 (71) 366 (64)
Shortness of breath 412 (38) 247 (43)
Cognitive dysfunction/impaired memc 418 (38) 247 (43)
Tinnitus 215 (20) 147 (26)
New onset allergies 81(7) 49 (9)

Coste et col, Infect Didow, 2023 Caracailloret col, J Infect, 2023



Deuxieme éetude (Aout Novembre 2022): 4% (9&
Cl: 3.64.5)de covid long(WHO)

Proportion ofindividualspresentingimitations ofactivities(Global Activity Limitation Indicator) in WHO post
COVIEL9 condition (PCCipfectednon PCC andeverinfectedgroups. N (%) analgeand sexadjusted

prevalenceatios
PCC infected non PCC never infected
N (%) N (%) PR* (95% CI) N (%) PR* (95% CI)
GALI
Not Limitec 222 (60.0) 4178 (78.2) 1 3548 (73.6) 1
Limited 207 (40.0) 1168 (21.8) 2.30 (1.822.90) 1276 (26.4) 2.31(1.832.93)

Distribution of WorldHealthOrganisation posCOVIEL9 condition (WHO PCC) and infectiaasordingo
epidemicwaves strainsand variants
All infectionsreportedwith dates

(N=7,157) WHO PCC (N=430)
Epidemic  Predominantstrainor
wave variant N % N %
1 Wuhan 789 11.0 44 10.2
2 Wuhan 472 6.6 27 6.3
3 Alpha, Beta, Gamma 794 11.1 39 9.0
4 Delta 937 13.1 92 21.3
5 Omicron BA1 1,541 21.6 86 19.9
6 Omicron BA2 1,296 18.1 79 18.5
7 Omicron BA% 1,328 18.5 63 14.8

Coste et col CMI 2023



Differentdefinition, different estimates
rangingfrom 2.5% to 12%
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Coste et col CMI 2023



Step3: evolution du covid long:
0 P2ASa LI2dzNJ f Q



Proportion of respondents with

post-acute COVID-19 condition (N

4,529)

Resultdrom populationbased
cohortstudyfor digitalhealth
researchn GermanyDigiHerqg
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A. Considering vaccination status, not variant (VN=4,529) crude HR 95%CI adjusted HR? 95%CI
Vaccination status prior to infection (ref: not vaccinated, n=1,593)

Received one dose (n=136) 1.09 0.77 1.55 1.10 0.78 1.56
Received two doses (n=692) 1.51 1.31 1.73 1.50 1.31 1.72
Received booster dose (r=2.108) 1.94 1.73 %17 1.89 1.69 2.12
B. Analyses stratified for virus variant crude HR 95%CI adjusted HR* 95%CI

B.1 Omicron variant only (N=2, 564)

Vaccination status prior to infection (ref: not vaccinated, n=114)

Received one dose (n=48) 0.59 0.31 1.09 0.56 0.30 1.04
Received two doses (n=322) 0.87 0.63 1.22 0.82 0.58 1.14
Received booster dose (n=2,080) 0.99 0.74 1.32 0.94 0.70 1.27
B.2 Delta variant only (N=605)

Vaccination status prior to infection (ref: not vaccinated, n=175)

Received one dose (n=43) 0.98 0.56 1.74 0.92 0.51 1.66
Received two doses (n=359) 0.93 0.68 1.28 0.92 0.66 1.29
Received booster dose (n=28) 0.66 0.27 1.61 0.61 0.25 1.48
B.3 Alpha variant only (N=651)

Vaccination status prior to infection (ref: not vaccinated, n=595)

Received at least one dose (n=56) 0.80 0.43 1.47 0.85 0.46 1.58
B.4 SARS-CoV-2 wildtype or Alpha variant (N=1, 360)

Vaccination status prior to infection (ref: not vaccinated, n=1,304)

Received at least one dose (n=56) 0.77 0.41 1.43 0.84 0.44 1.57
C. Considering variant, not vaccination status (V=4,529) crude HR 95%CI adjusted HR 95%CI
Dominant virus variant at time of infection (ref: SARS-Cov-2 wildtype or Alpha, n=1,360)

IW:M)S) 103 T3 o4 1.0 T3 701
Omicron (n=2,564) 2.24 1.99 2.52 2.20 1.96 2.48
Sex (ref: male; n=1,239)

Female (n=3,290) 0.81 0.73 0.90

- )
30-39 (n=737) 0.79 0.66 0.94
4049 (n=956) 0.59 0.48 0.72
50-59 (n=1,328) 0.60 0.50 0.72
6069 (n="763) 0.64 0.52 0.78
>70 (n=246) 0.62 0.46 0.82
ducation level (ret: high; n=2,555)"

Low (n=155) 0.99 0.74 1.34
Medium (n=1,738) 0.91 0.82 1.01
Not available (n=81) 0.72 0.46 1.13
Net household income in € (ref: <2.250; n=918)

2.250 to <4.000 (n=1,680) 1.06 0.93 1.21
>4.000 (n=1,519) 1.24 1.08 1.42
Not available (n=412) 1.05 0.87 1.26

Pfrommeret col, Infection 2024




Longitudinalanalysidrom long coviacohort:
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Step4: définir le covid long en
utilisant des donnees
epidémiologiques?



associations ofvmptomsgclustering

A: Relative contribution of the highest ranked symptoms to each cluster

Ustervedel e £FEL

Cluster v-delta-B, N: 142

B Hoarse voice

H Sneezing

l Dyspnoea
==Earache
m Sore throat

IRhinorrhea
ESeveresDyspnoea

—Blisters———__ . S
SO[eness) = s S

—Red Welts
mSkimBurmming,
==Rashes

W PersistentiColigh

il Fatigue

Ppizziness

,quli e’
I Severe Fatigue

1yalgias)
mlymphopathia
Wrsbdominalipa

=Diarrhoea

B: Ranking of symptoms per cluster based on z-score

Cluster alpha-A, Cluster alpha-B, Cluster alpha-C, Cluster alpha-D, Cluster alpha-E, Cluster alpha-F, Cluster alphaG,
N: 43 28 N: 23 N: 17 N: 16 N: 15 N: 13

Hoarse voice &
Anosmia I
Dysosmia
Low appetite |
Dyspnoea
Tinnitus
Persistent Cough
Brain Fog
Sore throat
Rhinorrhea
Sneezing
Headache
Abdominal Pain
Fever
Chills
Lymphopathia
severe Dyspnoea
Earache
Eyes soreness
Rashes
Skin Burning
Mild Fatigue
Dizziness
Palpitations
Delirium
Blisters
Severe Fatigue
Depression
Diarrhoea

-.-
[
| |

Myalgias
Chest Pain
Red Welts
Hair loss
0 1 2 0 1 2 1
Z-score Z-score Z-score

=}

2 2 0 1 2 1 2

4
2Z-score 2Z-score 2Z-score Z-score

o
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Symptom Grouping

- Upper Respiratory - Cardiorespiratory

[0 Abdominal

- Central Neurological

I immune related/ Cutaneous E= Systemic/Inflammatory

Canas et col, Lancet digitaéalth 2023
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Robineau et col, ngtublish



Définir parles symptomes

ALes plus prévalentstoutes causes: Asthénie, céphalées, anosmie,
dyspnees, myalgies/douleurs thoraciques et toux

ALes plus associées au SARS2: Anosmie, dyspnée, asthénie,
plaintes cognitives, douleurs, Malaises post effort, insomnielg
f QKdzY SdzNK 2 aeVYLJisyYSa O NRAZ2t 23A

APrésentation «yndromiques> des symptoémes:
Al Y RNRPYS RQKELISNBSYUATfI GAZ2Y
AEvolution des associations de symptdémes au cours du temps?

AlAly, Nature Med, 2022

Wangaet col, MMWR, 2021

Nehmeet col AnninternalMedicine2021
Robineau et col JAMA open 2022
TaquetPlosmedicine2021

Servier et col, 1JID, 2023
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Biomarqueurs du COWDNg

Long COVID
VS
Recovered

Long COVID
VS
Healthy

Multiple symptoms

VEGF
PDGF-BB
IL-17 D-dimer
L2 = ywF:Ag
IP-10 VWF:pp LDH
CCL3 sTM

Factor VIII:C

IL-6
IL-4
TNF-o Hemoglobin
IFN-y SVEGFR

CCL2

Ferritin
Albumin

Ab

Fibrinogen

Hs TnT

ColAZ  NT-proBNP
IGFBP-4

Col3A1 a-SMA
miRNA21

sICAM-1

Neurological symptoms Pulmonary symptoms

Lai et col Front. Med 2023



Biomarqueurs du COWUDNg

Multiple symptoms

VEGF
L oRaCOMIE o ~AAIR PDGF-BB

Attention:
R Pas de distinction entre forme hospitalisée et non hospitalisée
Pas de discussion portant sur la cinétique
empéche de distinguer:
-, A2YF NJjdzSdzZNBE £ @A&aSS LINRPy2aidaA \
- U A2YF N)jdzSdzNE RQF ARS | dz R A HSE

IFN-B

IL-1a
AST
' ALT

Er— Hs TnT ColA2  NT-proBNP
SICAM-1 IGFBP-4 Col3A1 0-SMA
miRNA21
Neurological symptoms Pulmonary symptoms

Lai et col Front. Med 2023



Biomarqueurs probablement dependant des
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Physiopathologie

Biological mechanisms of Long COVID

Research testing

Therapeutics
for evaluation

Acute infection
(prevention)

<

COVID-19 testing
Viral dynamics

Vaccination
COVID-19 antivirals
Monoclonals
Metformin
Anti-inflammatories
Anti-platelet drugs
Anticoagulants

Blood antigen
Blood PCR
Tissue biopsy

Vaccination
(therapeutic)
COVID-19 antivirals
Monoclonals

Post-acute
inflammation

Blood markers

immunology
Proteomics
Radiographic
imaging
PET imaging
Tissue biopsy

JAK/STAT inhibitors
Interleukin inhibitors
Inflammasome
inhibitors
Checkpoint
inhibitors
Rapamycin

Autoimmunity
Y=

: >
~ . \\(’———&W

Blood markers
(e.g.. ANA)
Autoantibody
testing
B cell testing

wiG
Plasmapheresis
B cell depletion

Thrombosis

Blood markers
(e.g., fibrinogen,
D-dimer)
“Microclot” assays

Anti-platelet drugs
Anticoagulants
Thrombolytics
Plasmapheresis

Latent virus
reactivation

-~ =]
o W

i‘r
TEFEgL: T

EBV PCR
EBV serology
EBV cellular assavys
VZV assays
HHV-6 assays

Antivirals (e.g.,
ganciclovir)
EBV cellular

therapies

Dysbiosis and
gut translocation

o :

g

Microbial markers
(e.g., B-glucan,
LPS, zonulin)
Fecal microbiota

Probiotics
Larazotide
Fecal transplant

Mitochondrial
dysfunction

o

Mitochondrial
proteins
Reactive oxygen
species
Muscle biopsy

Amino acids
N-acetylcysteine
Metformin

Pelusoet al Nat com 2023




Persistance virale

Zuoet al Lancetnfectiousdisease2024



