
Journée Grippe Aviaire du 14 Mai 2007

Virologie moléculaire
• Champs :

– Détection des virus influenza et Newcastle
– Caractérisation moléculaire
– Etude de la fonction de gènes

• Dans projets CIRAD : 
– FAO LoA
– MESURES D’URGENCE
– GRIPAVI
– RIVERS
– PORTFASTFLU



Journée Grippe Aviaire du 14 Mai 2007

• Ecologie virale :
Flux de virus, de gènes (virus influenza)

• Formation et transfert technologique

Objectifs Gripavi
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• Outils
– Diagnostic rapide et haut débit
– Virologie classique et moléculaire
– Bioinformatique et analyse phylogénétique

• Questions de recherche:
– Caractérisation moléculaire des virus influenza et 

Newcastle africains (faune sauvage, domestique et 
environnement) par rapport aux virus européens : 
approche sur les flux 

Outils & méthodes
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• Etat des lieux
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Influenza A, H5 et H7, Pathotype
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Real-time PCR

Automate
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View inside CIRAD BSL3
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Avian influenza

Détection et typage des virus 
Analyse des séquences& phylogénie          

Arbre Phylogénétique basé sur le 
gène H
Taubenberger J.K, Reid A.H., Janczewski A., Fanning 
T., Integrating historical, clinical and molecular genetic
in order to explain the origin and virulence of the 1918 
sapnish influenza virus, The royal society, 2001.

Virologie
Epidémiologie moléculaire



AutomatedAutomated RNA extraction RNA extraction fromfrom samplessamples
DetectionDetection of type A influenza: of type A influenza: 
–– MatrixMatrix (M) (M) genegene by realby real--time RTtime RT--PCRPCR
DetectionDetection of H5 or H7 of H5 or H7 subtypessubtypes by realby real--
time RTtime RT--PCR on AIV A positive PCR on AIV A positive samplessamples
RTRT--PCR on the PCR on the cleavagecleavage site of HA for H5 site of HA for H5 
or H7 positive or H7 positive samplessamples
SequencingSequencing of the of the amplifiedamplified cleavagecleavage site site 
for for determinationdetermination of of pathogenicitypathogenicity

DetectionDetection of viral RNAof viral RNA



TaqmanTaqman TechnologyTechnology

PrimersPrimers SpackmanSpackman: M+25: M+25//MM--124124
Probe M+64 FAMProbe M+64 FAM--BHQ1BHQ1

QQ--RTRT--PCR OIE protocolePCR OIE protocole

DetectionDetection of type A influenza: of type A influenza: 
realreal--time RTtime RT--PCR PCR specificspecific of M of M genegene

    H5N2       (1) ---------------------GATATTGAAAAATGAGCCTTCTAACCGAG 
    H1N1       (1) -----------------GGTAGATATTTAAAGATGAGTCTTCTAACCGAA 
    H3N2         (1) -------AGCGAAAGCAGGTAGATATTGAAAGATGAGTTTTCTAACCGAG 
    H1N1         (1) -------AGCGAAAGCAGGTAGATATTGAAAGATGAGTCTTCTAACCGAG 
    H1N1         (1) --------------------------------ATGAGCCTTCTAACCGAG 
    H3N2         (1) --------GCAAAAGCAGGTAGATATTGAAAGATGAGCCTTCTAACAGAG 
    H1N2         (1) -------------------TAGATATTGAAAGATGAGCCTTCTAACCGAG 
    H9N2         (1) GGGGAATTCCAAAAGCAGGTAGATATTGAAAGATGAGTCTTCTAACCGAG 
  H5N1        (1) -------AGCGAAAGCAGGTAGATATTGAAAGATGAGTCTTCTAACCGAG 

   H5N1       (1) -------AGCAAAAGCAGGTAGATATTGAAAAATGAGTCTTCTAACCGAG 
    H5N1         (1) ---------CAAAAGCAGGTAGATGTTGAAAGATGAGTCTTCTAACCGAG 
    H5N1         (1) -------------------------GGAATTCATGAGTCTTCTAACCGAG 
    H5N1         (1) ----------------------------AAAGATGAGTCTTCTAACCGAG 
    H5N1         (1) -------------------------------GATGAGTCTTCTAACCGAG 
    H5N1         (1) -------------------------------------------------- 
   Consensus     (1)                  GGTAGATATTGAAAGATGAGTCTTCTAACCGAG 
                     51                                             100 
   M-AIVsens    (30) GTCGAAACGTACGTTCTCTCTATCGTCCCGTCGGGCCCCCTCAAAGCCGA 
     IVAMM2E    (34) GTCGAAACGTACGTTCTCTCTATCGTCCCGTCAGGCCCCCTCAAAGCCGA 
    AB036778    (44) GTCGAAACGTACGTACTCTCTATCATCCCGTCAGGCCCCCTCAAAGCCGA 
   NC_002016    (44) GTCGAAACGTACGTTCTCTCTATCATCCCGTCAGGCCCCCTCAAAGCCGA 
    AY210255    (19) GTCGAAACGTACGTTCTCTCTATCGTCCCGTCAGGCCCCCTCAAAGCCGA 
    CY000794    (43) GTCGAAACGTATGTTCTCTCTATCGTTCCATCAGGCCCCCTCAAAGCCGA 
    CY006188    (32) GTCGAAACGTATGTTCTCTCTATCGTTCCATCAGGCCCCCTCAAAGCCGA 
   NC_004907    (51) GTCGAAACGTACGTTCTCTCTATCATCCCATCAGGCCCCCTCAAAGCCGA 
 H5N2          (44) GTCGAAACGTACGTTCTCTCTATCATCCCGTCAGGCCCCCTCAAAGCCGA 

   NC_007363    (44) GTCGAAACGTACGTTCTCTCTATCGTCCCGTCAGGCCCCCTCAAAGCCGA 
    AY627887    (42) GTCGAAACGTACGTTCTCTCTATCATCCCGTCAGGCCCCCTCAAAGCCGA 
    AM040045    (26) GTCGAAACGTACGTTCTCTCTATCATCCCGTCAGGCCCCCTCAAAGCCGA 
    AB239319    (23) GTCGAAACGTACGTTCTCTCTATCATCCCGTCAGGCCCCCTCAAAGCCGA 
    AB239326    (20) GTCGAAACGTACGTTCTCTCTATCATCCCGTCAGGCCCCCTCAAAGCCGA 
    DQ100569     (1) --------------------TATCATCCCGTCAGGCCCCCTCAAAGCCGA 
   Consensus    (51) GTCGAAACGTACGTTCTCTCTATCATCCCGTCAGGCCCCCTCAAAGCCGA 
                     101                                            150 
   M-AIVsens    (80) GATCGCGCAGAGACTGGAAGATGTCTTTGCAGGGAAGAACACAGATCTTG 
     IVAMM2E    (84) GATCGCGCAGAGACTGGAAGATGTCTTTGCAGGGAAGAACACAGATCTTG 
    AB036778    (94) GATCGCACAGAGACTTGAAGATGTCTTTGCAGGGAAGAACACCGATCTTG 
   NC_002016    (94) GATCGCACAGAGACTTGAAGATGTCTTTGCAGGGAAGAACACCGATCTTG 
    AY210255    (69) GATCGCACAGAGACTTGAAGATGTCTTTGCTGGGAAGAACACAGATCTTG 
    CY000794    (93) AATCGCGCAGAGACTTGAAGATGTCTTTGCTGGGAAAAACACAGATCTTG 
    CY006188    (82) AATCGCGCAGAGACTTGAAGATGTCTTTGCTGGGAAAAACACAGATCTTG 
   NC_004907   (101) GATCGCGCAGAGACTTGAGGATGTTTTTGCAGGGAAGAACACAGATCTTG 
H5N2       (94) GATCGCGCAGAGACTTGAAGATGTCTTTGCAGGAAAGAACACAGATCTTG 

   NC_007363    (94) GATCGCGCAGAGACTTGAGGATGTCTTTGCAGGAAAGAACACCGATCTCG 
    AY627887    (92) GATCGCGCAGAAACTTGAAGATGTCTTTGCAGGAAAGAACACCGATCTCG 
    AM040045    (76) GATCGCGCAGAAACTTGAAGATGTCTTTGCAGGAAAGAACACCGATCTCG 
    AB239319    (73) GATCGCGCAGAAACTTGAAGATGTCTTTGCAGGAAAGAACACCGATCTCG 
    AB239326    (70) GATCGCGCAGAAACTTGAAGATGTCTTTGCAGGAAAGAACACCGATCTCG 
    DQ100569    (31) GATCGCGCAGAAACTTGAAGATGTCTTTGCAGGAAAGAACACCGATCTCG 
   Consensus   (101) GATCGCGCAGAGACTTGAAGATGTCTTTGCAGGGAAGAACACCGATCTTG

M+25

M-124M+25M+25 MM--124124M+64M+64

M gene



–– RealReal--time RTtime RT--PCRPCR
PrimersPrimers H5LH1 / H5RH1 (VLA, H5LH1 / H5RH1 (VLA, WeybridgeWeybridge, UK), UK)
TaqmanTaqman probe H5PRO probe H5PRO ––55’’(FAM ) /(FAM ) /……/ (BHQ1)/ (BHQ1)--33’’

Probe 
H5PROH5-Kha-1 H5-Kha-3

H5LH1 H5RH1

Cleavage siteHA Gene

HA-875F HA-1114R
J3 B2a

DetectionDetection of H5 of H5 subtypessubtypes

–– ConventionalConventional RTRT--PCR: PCR: primersprimers H5 H5 fromfrom VLA, VLA, WeybridgeWeybridge, UK, UK
HAHA--875F / HA875F / HA--1114R1114R
J3 / B2aJ3 / B2a
H5H5--Kha1 / H5Kha1 / H5--Kha3Kha3

Different sensitivity
and specificity

Complementary
RT-PCR

Sequencing of the amplification product =  pathotyping



–– RealReal--time RTtime RT--PCRPCR
PrimersPrimers LH6H7LH6H7 / / RH4H7RH4H7 (VLA, (VLA, WeybridgeWeybridge, UK), UK)
TaqmanTaqman probe probe H7pro11H7pro11 ––55’’(FAM ) /(FAM ) /……/ (BHQ1)/ (BHQ1)--33’’

Probe 
H7pro11

LH6H7 RH4H7

Site
de clivage

HA Gene

GK 7.3 GK 7.4

DetectionDetection of H7 of H7 subtypessubtypes

–– ConventionalConventional RTRT--PCR: PCR: primersprimers H7 H7 fromfrom VLA, VLA, WeybridgeWeybridge, UK, UK
Primer GK 7.3Primer GK 7.3 / GK 7.4/ GK 7.4

Sequencing of the amplification product =  pathotyping



HemagglutininHemagglutinin and HPAIand HPAI



Isolation in Isolation in embryonatedembryonated chickenchicken eggseggs

Samples processed in BSL3Samples processed in BSL3
–– Tracheal or Tracheal or cloacalcloacal swabs in transport medium swabs in transport medium 
–– Conservation at low temperature : +4Conservation at low temperature : +4°°C for few days or C for few days or 

--8080°°C, dry ice, liquid nitrogenC, dry ice, liquid nitrogen

Inoculation of Inoculation of samplesample in in allantoicallantoic cavitycavity
of of embryoembryo of 9 to 11 of 9 to 11 daysdays

Confirmation of isolation Confirmation of isolation afterafter 2 to 7 2 to 7 daysdays
of incubation of incubation atat 3737°°CC
–– DetectionDetection of of haemagglutinatinghaemagglutinating activityactivity of of 

allantoicallantoic fluidfluid
–– Confirmation of the Confirmation of the presencepresence of Influenza of Influenza 

A virus by RTA virus by RT--PCRPCR
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• Pathotypage :
– Site de clivage AIV et NDV

• Comparaison de séquences : analyse 
phylogénétique

Caractérisation 
moléculaire



Journée Grippe Aviaire du 14 Mai 2007

• Pathotypage :
– Site de clivage AIV et NDV

• Comparaison de séquences : analyse 
phylogénétique

• Détection des déterminants de virulence et 
de spécificité d’hôte

Caractérisation 
moléculaire
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Résultats d’enquêtes 
2006 & 2007

RO 200
UA 463

MA 486

MR 665

TR 658

ML 1871

TN 88TN 88

EG 2400EG 2400

MW 1063MW 1063
ZM 704

IR 1030

NG 604NG 604 SD 421SD 421

KE 509KE 509

TC 1100TC 1100

ET 817

Nombre d’échantillons cloaquaux
et trachéaux par site

analysés
analyses en cours 

N testés N AIV + % 
N 

prélève
ment

10,755 236 2.2

N fécal 849 10 1.2

N 
trachéal 

5,174 106 2.0

N 
cloacal

4,832 120 2.5

233N 
oiseaux

6,516 3.6

3.5 % pendant 
la première 
campagne
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