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Influenza virus descriptionInfluenza virus description
AvianAvian influenza diagnostic techniques influenza diagnostic techniques 
in use in CIRAD Montpellierin use in CIRAD Montpellier
Current Current projetprojet: TCP FAO: TCP FAO
–– Surveillance of AIV in Surveillance of AIV in wildwild birdsbirds in in AfricaAfrica, , 

MiddleMiddle--East and in East and in EasternEastern EuropeEurope



Influenza Virus Influenza Virus 



Family: Family: OrthomyxoviridaeOrthomyxoviridae
–– EnvelopedEnveloped
–– 8 segments single stranded (8 segments single stranded (--) sense RNA) sense RNA

Three main typesThree main types
–– Type AType A

MultiMulti--speciesspecies

–– Type BType B
Human Human 

–– Type C Type C 
Human and pigHuman and pig

Influenza virus Influenza virus 



Influenza A Virus Influenza A Virus 

MultiMulti--speciesspecies
–– Mammals (human, pig and horse)Mammals (human, pig and horse)
–– Birds Birds 

The most virulent groupThe most virulent group
Classification in subtypes by surface Classification in subtypes by surface 
antigenesantigenes
–– HemagglutinineHemagglutinine (H or HA) : 16(H or HA) : 16
–– Neuraminidase (N or NA) : 9Neuraminidase (N or NA) : 9
–– All All HxNyHxNy types in types in waterfowlwaterfowl



Surface Surface antigensantigens and and subtypessubtypes

Cleaves Cleaves sialicsialic acids and acids and 
permits the liberation of permits the liberation of 
viral particlesviral particles

Attachment site on host cells Attachment site on host cells 
(receptor = (receptor = sialicsialic acid)acid)



HA HA subtypessubtypes and host distributionand host distribution



AvianAvian influenzainfluenza

PathogenicityPathogenicity based on disease severity on based on disease severity on 
poultry and associated to molecular poultry and associated to molecular 
determinants (unwell known)determinants (unwell known)
–– Low pathogen (LPAI)Low pathogen (LPAI)

Subtypes H1 to H16Subtypes H1 to H16

–– High pathogen (HPAI)High pathogen (HPAI)
Some strains of H5 or H7 subtypes (possibly H6 or H9)Some strains of H5 or H7 subtypes (possibly H6 or H9)
Some LPAI strains of H5 or H7 subtypes may mutate in Some LPAI strains of H5 or H7 subtypes may mutate in 
HPAIHPAI



HemagglutininHemagglutinin and HPAIand HPAI



AvianAvian influenza diagnostic influenza diagnostic 
techniques in use in CIRAD techniques in use in CIRAD 

MontpellierMontpellier



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



RNA extractionRNA extraction
Samples (processed in BSL3)Samples (processed in BSL3)
–– Tracheal or Tracheal or cloacalcloacal swabs in transport mediumswabs in transport medium
–– Organs (dead birds)Organs (dead birds)
–– Conservation at low temperature : +4Conservation at low temperature : +4°°C for C for 

few days or few days or --8080°°C, dry ice, liquid nitrogenC, dry ice, liquid nitrogen

Automated extraction using silica columns Automated extraction using silica columns 
((MachereyMacherey Nagel kit)Nagel kit)
–– 400 samples in 50 min400 samples in 50 min



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--PCR PCR specificspecific of M of M genegene: : 
validation validation criteriacriteria

Dilutions of A/PR/8/34 H1N1 as Dilutions of A/PR/8/34 H1N1 as 
standard and positive control standard and positive control 

27 Ct< 1027 Ct< 1033 EID50 < 29 CtEID50 < 29 Ct
Positive Positive samplessamples: < 35 Ct: < 35 Ct



–– 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



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



InterlaboratoryInterlaboratory teststests

OrganisedOrganised by VLA, by VLA, WeybridgeWeybridge,UK,UK
DetectionDetection of of genegene M, H5, H7M, H5, H7
H5, H7 H5, H7 pathotypingpathotyping by by analysisanalysis of the HA of the HA 
cleavagecleavage sitesite

Generic AI result (n=9) H5 consensus result (n=5) H5 RealTime (n=5) H5 conventional with pathotyping (n=5)

9/9 5/5 5/5 3/5

H7 consensus result (n=5) H7 RealTime (n=2) H7 conventional with pathotyping (n=5) N1 (n=1)

2/2 2/2 2/2 1/1



TCP FAO : TCP FAO : Surveillance of AIV Surveillance of AIV 
in in wildwild birdsbirds in in AfricaAfrica, Middle, Middle--
East and in East and in EasternEastern EuropeEurope



SamplingSampling
sitessites

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

number of tracheal and 
cloacal samples
collected per site

analysed samples
analysis in process



Shipment
under dry 

ice

-80°C

SamplingSampling procedureprocedure



Surveillance of AIV in Surveillance of AIV in wildwild birdsbirds in in AfricaAfrica, , 
MiddleMiddle--East and in East and in EasternEastern EuropeEurope

Tracheal and 
cloacal swab

sampling

Detection of 
AIV A by Q-
RT-PCR M

UR15field
(UR22 et WI)

Detection
of H5 and 
H7 by Q 
RT-PCR

+
+

Sequencing of 
the HA 

cleavage site

H5+   or H7+

Sending of all 
positive samples 

to IZSVe for 
confirmation, 
isolation and 

subtyping

IZSVe (ITALY)

Preparation
of tubes 

containing
transport 
medium

UR15/22

Sorting and 
preparation
of samples
on 96-well 

plates

Automated
RNA 

extraction



Preliminary prevalence of influenza A virus Preliminary prevalence of influenza A virus 
detected by realdetected by real--time RTtime RT--PCR on the M PCR on the M 
gene: 2.4% among all the samples and gene: 2.4% among all the samples and 
3.8% among the birds3.8% among the birds
In accordance with prevalence during the In accordance with prevalence during the 
1st : 3.5%1st : 3.5%

Surveillance of AIV in Surveillance of AIV in wildwild birdsbirds in in AfricaAfrica, , 
MiddleMiddle--East and in East and in EasternEastern EuropeEurope



GripaviGripavi: : virologicalvirological approachapproach

MolecularMolecular characterisationcharacterisation of of AfricanAfrican
strainsstrains of AIV and NDV (of AIV and NDV (wildlifewildlife, , 
poultrypoultry and and environmentenvironment) ) 
DeterminationDetermination of of disseminationdissemination
profile of the profile of the virusesviruses usingusing
phylogeneticphylogenetic analysesanalyses
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