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Hépitaux de Lyon

H5N1 : Diagnostic et surveillance

Bruno LINA

CNR des virus respiratoires, Institut des Agents Infectieux des HCL, Hopital de la Croix Rousse, Lyon

Virpath, Centre International de Recherche en Infectiologie, INSERM U1111, UMR CNRS 5308, ENS, UCBL, Lyon



Détection chez les oiseaux jan 25
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HPAI detections =
o A(H5N1), domestic birds (470) * A(H5N3), wild birds (1) [ A(H5Nx), domestic birds (S) * A(Not typed), wild birds (1)
*  A(H5N1), wild birds (316) ®  A(H5NS), domesticbirds (3)  *  A(HS5Nx), wild birds (25) Author- EFSA
®  A(H5N2), domestic birds (2) *  A(H5NS), wild birds (45) ®  A(H7NS), domestic birds (1) Data sources. ADIS, WOAH

Date updated: 06/12/2024



Etat des lieux du risque : le franchissement de la barriere d’espece

Etude conduite par Herst S et al en 2012.

La transmission aérienne du H5N1 nécessite

au minimum la présence combinée des mutations
HA Q222L,G224S et PB2 E627K

Science. 2012 June 22; 336(6088): 1534-1541.




# of Human Cases
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Past Reported Global Human Cases with Highly

Pathogenic Avian Influenza A(H5N1) (HPAI HGN1) by
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Niveau de risque estime (CDC atlanta) 2023

Risk
Emergence Impact Assessment
Dot Influenza Virus Score Score Year
A A(H1N1) [A/swine/Shandong/1207/2016) 75 6.9 Jul-20
B A(H3N2) variant [A/Ohio/13/2017) 6.6 58 ul-19 > .
J IRAT Virus Emergence and Impact - Average Risk Scores
C A(H7NS)[A/Hong Kong/125/2017) 6.5 7.5 May-17 10.0
D A(H7N9) [A/Shanghai/02/2013] 6.4 7.2 Apr-16 9.0
E A(HON2) Y280 lineage [A/Anhui- 6.2 59 Jul-19 80
Lujiang/13/2018] ..C &
F A(H3N2) variant [A/Indiana/08/2011] 6 45 Dec-12 o K, @ D b
(o]
G A{H1N2) variant [A/California/62/2018 5.8 5.7 Jul-19 § 6.0 e Ll $ o o8
o )
H A(HON2) G1 lineage 56 5.4 Feb-14 E so @' 7]
[A/Bangladesh/0994/2011] s Q ) F
4.0 Te®
@ A(HSN6) clade 2.3 4 4b 5.3 6.3 Oct-21 Voo ©*R
[A/Sichuan/06681/2021] 3.0 u
W
] AHSN1)Clade 1 [AMVietnam/1203/2004] 5.2 6.6 Nov-11 - o
K A(H5N6) [A/Yunnan/14564/2015] - like 5 6.6 Apr-16 ‘o
L A(H7N7) [A/Netherlands/219/2003] 46 5.8 Jun-12 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
@ A(HSN8) clade 2.3 4 4b 46 5.2 Mar-21 Emergence
[A/Astrakhan/3212/2020])
@ A{H5N1) clade 2.3 4 4b [A/American 4.4 51 Mar-22

wigeon/South Carolina/AH0195145/2021]




Impact

Niveau de risque estime (CDC atlanta) juin 2024
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Influenza Risk Assessment Tool (IRAT)

@ A{HTN9) [A/Hong Koeg/125/2017]
@ A{HM9) [A/Shanghai/02/2013]
A(HSNG) [A/Yunnan/14564/2015] — like ACHSNT) Clade 1 [A/Vbetnam/1203/2004] @AHINT) [A'swine/Shandeng/1207/2016]
® @ |, ick6) dade 2.3.4.4b [ASichuan/08681/2021]

A{HSN1) Clade 2.3.4.4b [A/mink/Spain/3691-8_22VIR10586-10/2022) @ HON2) Y280 lineage [A/Anhul-Lufiang/13/2018]
HSN1) clade 2.3.4.4b {A/Texas/37/2024A) ge [A/Anhui-Lufiang
A(H10KE) {A/}iangxl-Doaghe/346/2013] @ @A) i f
AHTND) [A/Netherlands/219/2003] & .Ammz) variant [AN(alifernia/62/2018] l(HMI)vanant {A/Ohio/13/2017]
1
A(HSN) clade 2.3.4.4b [A/American wigeoa/South Carelina/AH0195145/2021] @ @ aisiig) dlade 2.3.4.4b [A/Astrakhan/3212/2020) A[HIN2) 61 lineage [A/Bangladesh/0994/2011]

ACHSNE) [A/gyrfalcon/Washingten/41088/2014]

AMHSN1) [A/American green-winged tealmmmgton/wsmso/zoub R . / MH‘SMI variant [A/ladiana/08/2011]
AH7NS) [Afturkey/lndiana/1573-2/2016] @ H5u2) e o

AHING) [ chicken/Tennessee/ 1700147220171 @ @ @ (13K2) [A/canine/lllinois/12191/2015]
ALHINS) [A/chicken/Tenmessee/17-007431-3/2017]

O MHTNT) [A/dack/New York/1996]

0.5 1 1.5 2 2.5 3 35 4 4.5 5 55 6 6.5 7 75 8 85 9 95 10
Emergence



Virus comparison by risk element score

HSN1 Clade 2.3.4.4b Virus Comparison by Risk Element Score
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Zones clef de I'adaptation des RBS pour H5 (suivi des clades 2.3.4%)
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Structural Determinants for Naturally
Evolving H5N1 Hemagglutinin
to Switch Its Receptor Specificity

Kannan ) ! Karthik ! Nathan W. Stebbins,! Akila Jayaraman,' Arvind Krishnan,
V. Sasisekharan,’ and Ram Sasisekharan'*

nginoaring, Rosoarch,
Singapore-MIT Afiance for Research and Technology, Massachusetts Institute of Technoiogy. 77 Massachusatts Avonus, Gambridgs,
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poultry (green) detections collected between September 23 and November 8",
2024. Bootstrap values over 90% are displayed on the nodes. Scale bar is substitutions per site.

Situation HA en 2024, cas BC (clade 2.3.4.4b — D.1.1 late)

T NEW ENGLAND Access

JOURNAL of MEDICINE Hospices Ci
SPECIALTIES v  TOPICS v  MULTIMEDIA v  CURRENTISSUE v  LEARNING/CME %  AUTHORCENTER PUBLICATIONS v Q
CORRESPONDENCE f X in B

Critical Illness in an Adolescent with Influenza
A(H5NT1) Virus Infection

Published December 31, 2024 | DOI: 10.1056/NE|Mc2415890 | Copyright © 2024 REPRINTS

Supplementary Figure 2. Concatenated whole genome phylogeny of HPAI A(H5N1) clade 193 159
2.3.4.4b, genotype D1.1 viruses from human cases identified in British Columbia, Canada and 1 Feature 4
Washington state, United states (red), contextualized by B.C wild bird (black) and Feature 3 156 %

Ser-159  YAsn-160
Gly-1

s-156

Ao ColerbaPHL 2030004
Al _Goceo BCANDHL. 26612024

ACHHING_GoMMDLANPL- 2578074
0 ACasi g GomeBCANPHL 25602024
Pr— um-ncwvwx 25762024

E186 (E190) — 28% allele frequency for E186D

Q222 (Q226) — 35% allele frequency for Q222H g

‘
Ated_Tabed_Mows DCANPIL-290072024
ASrow Coeo‘a:mivt 29612024
0C

Thr-219 asn-186)] ) BT N S P
' ~ / Thr-13

Featur

]

Pro-221_ |
f“ Bam mm-mr\uwn TITIN04
ACarase_GoosBCAIVPHL 25787004

ACach GN!@K:WVW\ A0 I[ ‘
L AtSnon L3
nkumm_omacwvwn wou Lys_
ACaching_GooseBCANPHL 25612024 ‘244 *207
G
O

Wegnd_TealBCAVPHL 2200212
Gowen, Visged Tea) BCANPHL-2 S0 . 2210
O

ANcatem_§ Pk BC AR S nie
ARTWOCAN_ VRN DCANPIL- 73522004
% " w_&«u:nwuss\m¢
) AArerc WAgeon DL ANPIL 2!
ARes_Toted_Hewh SCANPIL- 75132004 *242 ‘2“
" Cacking_Goomn BC! o
Goom/ DCANPIL-25

144 145

A.!‘Ar-a- Goose BLAIVII - ?W'XQ(

p-95

AD1 1_GenoFLU

0000 oo 0om Q000 0004 0005




Situation HA en 2024, cas L (clade 2.3.4.4b — D.1.1 early

Addsiny_cowMichigan’4_(13783-0102024 | 20240507 (Newly addec) (Cow milk)
Addsiny_cowMichigani4_113783-D002024 | 20240507 (Newly addec] (Cow milk)
ATTY_CoWNMCIgan'2S 137830082024 | 2024-05-07 (NeWly 80te) (Cow mimk)
Asiny_cowMicrigan’34_T13785-0012024 | 20240507 (Newly added] (Cow milk)
H Adsiny_cowlicrigani24_T13785-0122024 | 2024-05-07 (Newly added] (Cow mitk)
Addairy_cowmBCNganI_13755-I03004 | 2024~05-07 (Newly sadlad) {Cow malk)
AdBry_CowRACHGan’4 11 STES-04/2034 | 2024-D5-07 (Mewly ackdac) (Cow milk)
Aty | 24024
A 1 =30 (Cow mil)
Adairy_cowgaha/Bi-ME-D15/2024 | 2024-05-24 {Cow milk)
Aidsiry_cowiianoBi-MF-005/2024 | 2026-07-03 (Cow mlk)
Avtary_cowiiaha/Bi-ME~(21/2004 | 024-06-24 {Cow milk]
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Autres facteurs d’adaptation : le role des proteines internes

Selected host-adaptive mutations with known effects on polymerase activity and/or host range restriction.

Gena OriginfSubtype Mutation Effact
FB2  Avian various subltypes EE2TK Owercomes restriction of replication of avian 1AVS in mammalian calls |26
Axian H5M1 DFO1M Increased polymerase activity in mammalian cells, incraasad lethality in
mica 4041
Human pandamic H1M1 G5A05, GF Caonfers efficient viral replication to pandamic H1MN1 viresas in human and pig
C581R coells [32 47]
TSEE| Enhanced polymerase activity and viral replication in mammalian cealls [418]
Avian HTNS and H5M1 UE5E1K, KS26R Increases the efficiency of viral replication of avian viruses in mammalian
cells [32 85 86|
Hurman pandamic H1M1, avian T2HA Enhanced polymerase activity of 1AV in mammalian calls and in mice [49];
H5M1 [clada 2.3.4.4b) precursor for the acquisition of a mutation at position 226 of HA that confars
recognition of an o2 B-linked SA recaptor [50]
Human pandamic H1M1 E158G Enhanced polymerase activity in human cells, increased morbidity and mortality
in mica 27]
FB1  Awvian H3M2 T = Increased replication in mammalian cell culturs, increased pathogenicity in
mica [74
Avian HINB 552406 Increased replication in mammalian cell culture, increased replication in guinaa
pigs and ferrets, and increased airbome transmission in famats [75)
Human pandamic H1M1 S2160G Enhanced viral epidemiclogical fitnass by increasing the freguency of adaptive
mutations |75
PA Avian H5M1 E18G, 5388H, Increased polymerass activity in human cell culture, increased replication in
Ad48E mica [55]
Hurman pandamic H1M1 Tas, G1885, Increased polymerase activity in mammalian cells |57)
L33GM
T5525 Increased polymerase activity in human cell culture, increased pathogenicity in
mica (54
Low-pathogenicity avian HEN2 Ta7, E349G Enhanced polymerase activity in mammalian cells |£5]
MP Avian viruses Fa1aviy Evasion of BTN3A3 suscaptibility (avian-specific host factor) [50]
Y52HMAM BEvasion of MP-313F susceptibility to BTM3A3 |20 (BTM3A3-rasistant ganotyps
MP-313W5%Y andfor S2HADM)
Avian HTMN7 M318K Increased afficiency of vBMNP nuclear transport in human calls [43]
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Manifestations cliniques

Les symptoms de la grippe aviaire peuvent apparaitre rapidement, et peuvent étre:
— Température élevée, frissons
— myalgies
— cephalées
— Toux avec essoufflement

D’autres symptoms peuvent étre observés:
— Conjonctivite (plus frequent pour H7, mais décrit pour H5N1 B3.13)
— Diarrhée
— Nausées, vomissement
— Fatigue
— Douleur abdominales
— Douleur thoracique
— Saignements du nez et des gencives
— convulsions (more frequent in H5 infected cases)

Le délai d’'incubation est de 3 a 5 jours apres exposition



Prise en charge diagnostigue cas suspect

» Faire le diagnostic avec des prélevements adaptes
— Combiner prélevements VAS et VAI avec des écouvillons non inactivants (culture a prévoir)
— Faire une écouvillon conjonctival si tableau de conjonctivite aigue

« Organiser le diagnostic biologique
— Ne pas utiliser les TROD (cible NP)
— Le diagnostic de criblage « influenza de type A » est possible avec la plupart des tests PCR grippe humaine
— Faire le sous-typage H1, H3 et H5 si possible
— Prevoir des charges virales dans les différents secteurs
— Prévoir la culture virale (BSL-3 en CNR)
— Prévoir le séquencage sur échantillon primaire (minimun Ha, Na, PB2)
— Prévoir des échantillons itératifs (suivi charge et séquence)
— Si asymptomatique, coupler avec transcriptomique et serologie
— Organiser un suivi sérologique H5

Reco HCSP et COREB



LABO H5 (CNR + ESR), janvier 2025

« Capacités diagnostiques :
— CNR Lyon, Paris, Felix Guyon, Guyane (IPG)
— Labos ESR

-
o

Guadeloupe

Martinique

Besancon

Mayotte

EEEd @

La Réunion

Marseille

Date demande

Hopital Date contact |contréle

Henri Mondor

CHU Rouen 18/12/2024 18/12/2024
CHRU Nancy 19/12/2024 19/12/2024
AMU 19/12/2024 20/12/2024
Pitié 19/12/2024 06/01/2025
Purpan 19/12/2024 19/12/2024
Bichat 19/12/2024 19/12/2024
CHU Lille 19/12/2024 19/12/2024
CHU Angers 19/12/2024 19/12/2024
CHU

Martinique 20/12/2024 20/12/2024




PCR labos hospitaliers et de ville

Centre National de Référence Virus des Infections

{ ‘INSTITUT
PASTEUR Respiratoires (dont la grippe et le SARS-CoV-2)

7 janvier 2025

Note sur la capacité de détection des virus H5Nx
par les dispositifs de PCR détectant la grippe disponibles en France

« Travail CNR ANSM
(note du 7 janvier 2025)

3 nouvelles réponses
- positive (Elitech)
- incomplete (Eurobio, PE REVVITY )

Fabricant

Nom du réactif

Référence

Cepheid

Xpert Xpress Flu/RSY

Xpert Xpress CoV-2/Flu/RSV plus

XPRSFLU/RSV-CE-10

XP3COVZ2/FLU/RSV-10

BioMerieux SA

Influenza A/B R-GENE®

SC2/FLUA/FLUB/RSV R-GENE®

71-040

424433

BioFire Diagnostics, LLC.

FilmArray Pneumonia Panel plus
BioFire Respiratory Panel 2.1 plus (RP2.1plus)

BioFire SpotFire Respiratory/Sore Throat (R/ST) Panel

RFIT-ASY-0142 (6-pack kit)
RFIT-ASY-0143 (30-pack kit)

RP2.1plus: 423740 (30-pack kit)

R/ST Panel: 423485 (30-pack kit)

Altona Diagnostics AltoStar Inflenza S&T AS0161543
QlAstat-Dx Respiratory SARSCoV-2 v2 691214
QUIAGEN, GmbH
CllAstat- Dx® SARS-CoV-2/FluA/B/RSV Panel 691216
Luminex Molecular Diagnosties, Inc.  |NxTAG® Respiratory Pathogen Panel (NXTAG RPP) 1051C0449

SEEGENE Inc

AllplexTM RV Master Assay
AllplexTM SARS-CoV-2/FluA/FIUB/RSV Assay
AllplexTMRespiratory panel 1

AllplexTM Respiratory panel 1A

RV10307X, RV103632
RV10259X, RV103492
RP9801X, RPS702Y, RP101752

RP9O702X, RPI702Y, RP102312

Roche Molecular Systems, Ine.

cobas® SARS-CoV-2 & Influenza A/B v2

cobas Influenza A/B & RSV / cobas SARS-CoV-2 & Influenza A/B

10033401190

08160104190 / 092111011590

GenMark Diagnostics, Inc cobas® eplex respiratory pathogen panel 2 9556486001
Abbott Molecular Ine Alinity m Resp-4-Plex AMP Kit 09N79-030
Becton Dickinson and Company BD Respiratory Viral Panel for BD MAX™ 445215

5D BIOSENSOR

STANDARD™ M10 Flu/RSV/SARS-CoV-2

11FLU10A / M10-CVFR-01

Hologic

Assays Panther Fusion Flu A B RSV

Panther Fusion SARS-CoV-2 Flu A B RSV

AW-16162-001

AW-29624-001




Prise en charge cas suspect

» Organiser le suivi
— charges virales itératives (contexte clinique)
— Seéguencage itératifs
— seérologie H5
* Traitement symptomatique
— Antipyrétiques
— Oxygénothérapie si nécessaire
— Corticothérapie (?)
« Traitement antiviral (le plus t6t possible, mais pas de restriction de délai de mise en ceuvre)
— Inhibiteurs de la neuraminidase (Oseltamivir)
— Association possible avec Favipiravir ou Baloxavir-Marboxyl

Reco HCSP et COREB



Clinical

Data for Patients from 3 Indonesian Clusters of H5N1 in 2005

Table 1. Clinical Data for Patients from Three Indonesian Clusters of HSN1 Virus Infection in 2005.*

Day of lliness
Chronic  at Hospital
Sex Conditions Admission

Patient
No. Age

Symptoms

and Signs Findings on Admission

Absolute
Respiratory Total White- Lymphocyte Platelet

Temperature Rate Cell Count Count Count

yr °C

1A 8 F None 7 Fever, 7 days; 38 40
cough, head-
ache, nausea,
vomiting

breaths/min per cubic millimeter

1780 445 185,000

1B 1 F None 7 Fever, 7 days; 388 25 4200 NA 221,000

cough, 2 days;
rhinorrhea
and diarrhea,
3 days; dys-
pnea, 1 day

1C 33 M History of 7 393 34 2310 NA 146,000

cigarette
smoking

Fever, cough,
shortness of
breath, diffi-
culty breath-
ing, abdomi-
nal pain

Fever, 7 days; 39 42
rhinorrhea,
cough, short-
ness of breath,
hypotension

2A 37 E None 7 2980 NA 208,000

2B ] M None 9 Fever, 9 days; 388 34 7600 2356 313,000

sore throat

3A 21 M History of 5 5000 850 145,000

cigarette
smoking

Fever, cough,
5 days

3B 5 M Fever, rhinor- NA NA 2900
rhea, cough,
headache,

5 days

None 5 1421 138,000

ic 4 M Fever, rhinorrhea, 37 30 7600 4256 373,000
cough, 2 days;

all symptoms

resolved 3

days before

admission

MNone 5

Maximum
Temperature

Chest
Radiography

Bilateral in-
filtrates

Bilateral in-
filtrates

Bilateral in-
filtrates

Bilateral in-
filtrates

Not done

Bilateral in-
filtrates

Not done

Mild bilater-
al inter-
stitial
and peri-
hilar infil
trates

* NA denotes not available.

Time from
Onset to Death
or Discharge

Corticosteroid
Therapy

Oseltamivir
Treatment

Mechanical

Ventilation Outcome

Yes (on hospital day
2, illness day 8)

Yes (on hospital day
2, iliness day 11)

Yes (on admission,
iliness day 7)

Yes (on admission, Yes (on illness day
illness 10, started on 75
day 7) mg twice daily

orally for 1 day)

No Recovery

Yes (on illness day
7, started on 75
mg twice daily
orally for 5 days)

Recovery

No Recovery

Yes (on illness day
5, started on 35
mg twice daily
orally for 7 days)

Recovery

N EnglJ Med 2006; 355:2186-2194



Results of H5N1 Lab Tests from Indonesian Patients in 2005.

Table 2. Results of Laboratory Testing for HSN1 Virus Infection from Patients in Three Indonesian Clusters in 2005.*
Days aﬂer —
Patient Onset Specimen H5N1 Case
No. Age Sex Collected Specimen Rapid Test} RT-PCR (HA/H5): MN Titer ~ H5NI1 Virus Isolated  Classification
yr
INDO WHO WHO
1A 8 F 17 Nasal and throat swabs, N N, N N, N 1:320 No Confirmed
serum
20 Serum — — — 1:640 —
1B 1 F 11 Serum — — — N — Probable
1C 38 M 7 Nasal and throat swabs, N, N P,P P, N N Yes; AfIndo/5/2005 Confirmed
serum (from throat swab)
10 Nasal and throat swabs, N, N N, P N, P N No
serum
2A 37 F 7 Nasal and throat swabs N, N N, P N, P N No
10 Nasal and throat swabs, N, N§ N, P, P N, N, P 1:80 Yes; A/Indo/6/2005 Confirmed
tracheal aspirate, (from tracheal
serum aspirate)
2B 9 M 4 Nasal and throat swabs, N, N N, P N, P N No Confirmed
serum
15 Serum — — — 1:30 —
3A 21 M 5 Throat swab, serum N, N P P N No Confirmed
16 Nasal and throat swabs, N, N N, N N, N 1:640 No
serum
22 —_ — — —_ 1:1280 —
3B 5 M 5 Nasal and throat swabs, N, N N, N N, N 1:20 No
serum
101 - o .- —_ 1:320 — Confirmed
3C 4 M 1 Nasal and throat swabs N, N N, P N, P = No Confirmed
8 Nasal and throat swabs, N, N N, P N, P N No
serum

* HA denotes hemagglutinin, MN microneutralization, INDO Indonesian laboratory, WHO World Health Organization H5 Reference Laboratory, N negative, and P positive. A dash indi-
cates that the indicated test was not performed.

T Only nasal- and throat-swab specimens were analyzed by the rapid antigen test. - .
1 HA/HS refers to H5 hemagglutinin-specific primers and probes. n g e y - -

§ Tracheal aspirate from this patient was not analyzed by the rapid antigen test.




Suivi Charges Virales :
valeur predictive de la décroissance et risque d’apparition de résistances

Table 1. Patients’ Characteristics and Clinical and Virologic Outcome, g
A Patient 1, died
Virus Detectable H274Y in N1 Oseltamivir Patient 2. died
Age (yr)/ at End of at End of 2 resistang SR
Patient Sex Admission® Treatmenty Treatmenty Clinical Outcome g 7 j ' © Patient 3, died
= Oseltamivir-
Day of 2 A resistant Patient 4, died
Date lliness & S Oseltamivir- / J Patient 5, survived
° 6 resistant
1 13/F January 2005 2 Yes Yes Died on 8th day of illness 3 g S Patient 6, survived
<o = <
2% 35/F January 2005 6 NA NA Died on 7th day of iliness by g =1 A Patient 7, survived
= i
3 16/F December 2004 7 Yes NA Died on 20th day of illness E E 5 ; Patient 8, survived
b
4 18/F January 2005 6 Yes Yes Died on 20th day of illness E‘-E
S
< 26/F January 2005 4 NA NA Survived b E 4
Q.
6] 8/F January 2004 8 No — Survived S S
7§ 23/M  February2004 7 No i Survived g R =~
3+ " e
8 22/M February 2004 6 No — Survived = - i
4 Oseltamivir therapy \
" g v 0 T T T T
#* All patients started oseltamivir treatment on the day of admission, 3 4 5 6 7 8 9 10 1
T NA denotes not applicable owing to insufficient follow-up. ) .
T Patient 2 was the mother of Patient 1. Days since Admission
§ This patient has been described previously.?

N Engl J Med 2005; 353:2667-2672




Synthese

Le niveau de circulation des H5Nx est tres éleveé et différents lignages sont observes

Ces lignages ont étendu leur spectre d’infection chez les oiseaux et des mammiferes

Ces virus restent faiblement transmissibles aux mammiféres en dehors d’expositions massives

Il existe une situation particuliere chez les vaches laitieres aux USA (clade B3.13, et D1.1)

Un portage « silencieux » a été observé (detection sans séroconversion, forme paucisymptomatique)
Des formes clinigues sont mineures (conjonctivites) ou tres symptomatiques sont observées

Le diagnostic de certitude nécessite un prelevement sous glottique, ou des conjonctives

Le suivi est indispensable (charges virales, séquencage, serologie)
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