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The evolution of our awareness of the importance
of AlVs for animal and human health



F—_,-.' NCBI Resources ™) How To [v)

Pme'Ed‘Sm’ PubMed ¥ | lavian influenza AND ("1950/01/01"[PDAT] : "1999/12/31"[PDAT])

b hational Library of Madicine Create RSS Create alert  Advanced

Article types Format: Summary ~ Sort by: Most Recent~ Per page: 20 ~ Send to -
Clinical Trial

Review ] > ] :

Customize ... Search results 1503 scientific communications

Text availability ltems: 1 to 20 of 1503 in a 50-year time interval

Abstract

/1850 ) 1860 ) 1870 ) 1980 ) 1980 ) 2000 ) 2017 >

= NCBI Resources ¥ How To [

Pme'Ed-Sﬂb' Fubhed v |Ewian influenza AND ("2000/01/01"[PDAT] - "2017/09/30"[PDAT])

kiiﬁﬁgfﬁiﬂ'i.!_.fiﬁf.i_“,‘jﬁf"a Create R55 Create alet Advanced

Article types Format: Summary ~ Sort by: Most Recent~ Per page: 20 - Send to -
Clinical Trial

Feview

Customize ... Search results

Text availability Items: 1 to 20 of 11488

w

11488 scientific communications =~
in a 17-year time interval

> 1950 » 1960 > 1970 > 1980 1990 52000 )> 2017 >

General increase in the number of publications




1503 scientific communications

218507)) 1960 ) 1870 ) 1980 )) 1890 ) 2000 ) 2017 )

For over 100 years, HPAI was believed
to be a poultry disease of rare
occurrence which, in most cases,
could cause only a limited number of
outbreaks. Minor zoonotic impact
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Transcontinental spread most probably through wild birds (H5Nx)
"4
Transcontinental spread most probably through poultry trade (HON2 G1)

Mild symptoms in humans

(HON2 G1)
Vs

HP Gs/Gd H5NXx

HP/LP H7N9

HO9N2

@40% of people confirmed

with Asian H7N9 virus
infection died

Seasonal patterns
(LPAI H7N9 in humans)
vs
Continued
transmission in
poultry (H5Nx)




What is driving the high phenotypic
diversity of avian influenza viruses?



http://www.virology.ws



Negative-sense, single-stranded,
segmented RNA virus

http://www.virology.ws



Rapid evolutionary dynamics

High evolutionary rate (humber of mutations that become fixed in the genome of a population over time)

*Chen and Holmes, 2006 Mol Biol Evol 23(12):2336-2341;
AZhang et al 2014 Science. Science. 2014 Dec 12; 346(6215): 1311-1320


https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=25504712

Inherent characteristics
predisposing to the observed high evolutionary rate
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Selection forces driving the evolution of Al selection

* Host range



Collection of nasal wash []
Collection of organs

Bonfante et al. 2017 submitted
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Since the early stages of virus replication, selective pressure has promoted accumulation
of mutations, important for adaptation to mammalian host



Selection forces driving the evolution of Al selection

Host immunity



Impact of the vaccine immune
pressure on the evolution of avian
influenza virus
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Dayl || X Vaccine A g
Day 10
Day 31
Tracheal swabs collected at day 2, 4,
6, 8 and 10 p.i.

Day 33
Day 35

» Tracheal Q
2Ely &0 swabs s
Day 39 0.125 HA GENE
Day 41 : Challenge virus

Group A: 5 samples day 2 p.i.
L 1 sample day 4 p.i.

Group B: 9 samples day 2 p.i.
5 samples day 4 p.i.

Milani et al. 2017 Vet Mic.
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Characterization of the complexity of the viral population

Major viral populations,

) ) detected by population
Intermediate viral sequencing

populations, detected by
population sequencing (if
>5% of the quasispecies)
or by cloning and
sequencing

Minor viral populations,

detected by next-generation
sequencing techniques

Milani et al. 2017 Vet Mic.



Analysis of genetic

polymorphisms




A& eita
Suboptimal immune protection may induce
an increase of the complexity in the viral
population from the early stages of infection
and may promote the selection of minority
£ variants some of which may be involved in
antigenic drift.

LS FOULYIVI Teature Chall /ZBZ /3BZ /oBL /JBZ oUbL olbl o3BZ 46bBZ 8o6bL /3ba /Ob4 o6l1ba 8bb4 oob4a

9 minority variants
9 HA positions showing mutations
1 to 4 variants per sample

O minority variants in the RBD
0 minority variants in the Ag sites

0 variants shared between samples

64 minority variants + 2 fixed mutation
57 HA positions showing mutations
2 to 13 variants per sample

13 minority variants in the RBD
6 minority variants in the Ag sites

4 variants shared between samples




Selection forces driving the evolution of Al selection

Eco-environmental factors (i.e., farm type, land use,
population size, control measures such as the use of antiviral
treatments)



Inherent characteristics
predisposing to the high diversity of Al viruses

Genome Structure

8 interchangeable RNA molecules: reassortment has the potential to vastly increase the
diversity of circulating influenza viruses

Reassortment (General)
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reassortant virion
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Lam et al. Critical Reviews in Clinical Laboratory Science, 2010; 47(1): 5-49



Many birds are inextricably entwined in the puzzle of influenza A viruses.

Avian-Avian Reassortment
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Cornelis Escher, 1938. Two birds
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Many species are inextricably entwined in the puzzle of influenza viruses.

Reassortment Between Avian And Mammalian Viruses

Cornelis Escher, 1957. Litografia. mm. 370 x 315



Virus intrinsic ability to accumulate genetic diversity

+

host populations size

* endless variety of new viruses with potentially new properties

e difficulty to control their spread and need for tailored control measures




High mutation rates make evolution of Al happening right in front of our eyes, facilitating the
reconstruction of emergence, transmission and spread dynamics thanks to the exploitation
of genetic and epidemiological data.
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An age of genomic plenty:
Next-generation evolutionary epidemiology

\ Rapid and sustained

growth in computer
processing power and
concomitant advances
in methods of statistical
inference

Fast-growing innovations in
the field of genetic
seguencing technology




R-Evolution in Sequencing technologies

Discovery of DNA structure by Watson and Crick [1953]

First Generation Sequencing
*  Maxam-Gilbert sequencing [1977]
* Sanger Sequencing [1977]
- Gel-based systems
. - Capillary sequencing [1998]

Next (or Second) Generation Sequencing (NGS)

* Massively parallel sequencing [2005/2006/2007/2011]
- 454 / Roche sequencing

- Illumina (Solexa) sequencing

- SOLiD systems

- lon Torrent sequencing

Third Generation Sequencing

* Single molecule sequencing [2013]
- PacBio RS Il (Pacific Biosciences)

- MinlON (Oxford Nanopore)

Fourth generation sequencing

* in situ sequencing [2013]

- Fluorescent in situ sequencing (FISSEQ) — ReadCoor
- Spatial transcriptomics

High-Throughput
Sequencing (HTS)
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What impact did NGS have on the genetic characterization of AIV?
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Sequencing an Influenza A virus full genome (13.5Kb)
at a FAO/OIE reference center/lab (1ZSVe)

1st Generation Sequencing 2nd Generation Sequencing
(Sanger) (lumina MiSeq)
Time: @ 2 weeks Time: 3 days
Cost: @340 S Cost: @70 S



| A glimpse on the benefits of applying genome
b sequencing and evolutionary analyses in real time
during an outbreak: a practical example




Identification of the HOIN2 subtype in West Africa

February 2017: a layer farm experiencing
decreased egg production and respiratory signs
was found positive for the HOIN2 AIV
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Practical uses of genome sequences

Data provided rapidly (in real-time) in case of an outbreak

e Which type of H9 lineage had infected the farm? The G1, Y280 or Y439 (Korean) lineage?
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Practical uses of genome sequences

Data provided rapidly (in real-time) in case of an outbreak

e Where did the virus come from?
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Practical uses of genome sequences

Data provided rapidly (in real-time) in case of an outbreak

e |dentification of zoonotic potential

Major viral populations,
detected by population
sequencing
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STGGGTCATCTGTCAAAAGGGAKGAAGAAGTGCTCACTGGCAACC TCCAAACATTGAAAATAAGAGTACATGAAGGGTATGAGGAAT TCACAATGGTC GGAAGAAGAGC AACAGCCATTC TAAGGAAAGCAACC.
SGATGCAGGTGCATTGATGGGAGACCCAGATGAGGGAACAGCAGGAGTGGAATC TGCGGTAT TGAGAGGAT TTCTGATCC TGGGCAAAGAAGACAAAAGATATGGGCC TGCATTGAGCATCAACGAATTGAGCA.
16CGGGACAAGCAGTGTGTATATCGAAGTATTACAT TTGACCCAAGGGACCTGC TGGGAGC AAATGTACACACCGGGAGGGGAAGTGAGAAATGATGACC TTGATCAGAGT TTAATTATTGC TGC TAGAAATAT
ACTGTGAAGATTCAATGGTCCCAAGACCCTACAATGC TTTACAATAAGATGGAATTTGAACCC TTTCAATC CCTAGTGCC TAAGGC TGCCAGAGGCC AATATAGTGGAT TTGTAAGGACGCTATTCCAGCAGA
IAAAAGGTCGAAAGGC TAAAACATGGGACC TTCGGCCCCGT TCACTTCAGAAACCAGGT TAMAATACGCCGCAGGGT TGACACAAATCCAGGCCATGCGGATCTTAGTGC TAAAGAAGCACAAGAAGTCATAAT:
\TGTAATGGGGATGATCGGAATAATGCC TGACATGACCCCCAGCACAGAGATGTCATTGAGAGGAGTGAGAGTCAGTAAAATGGGAGTAGATGAATAT TCCAGTACTGAGAGAGTGGCCGTGAGTATAGATCGA
\GAGATTTGATGTCACAGTCTCGCACCCGCGAGATACTGACAAAAACCACTGTGGACCATATGGCCATAAT TAAGAAATATACC TCGGGAAGGCAGGAGAAGAATCC TGCCC TCAGGATGAAATGGATGATGGL.
“GCTCACTGGCAACC TCCAAACATTGAAAATAAGAGTACATGAAGGGTATGAGGAATTCAC AATGGTC GGAAGAAGAGCAACAGCCATTC TAAGGAAAGCAACCAGAAGATTGATCCAATTGATAGTGAGTGGG.
SAGGGAACAGCAGGAGTGGAATC TGCGGTATTGAGAGGATT TC TGATCC TGGGCAAAGAAGACAAAAGATATGGGCC TGCAT TGAGCATCAACGAATTGAGCAATC T TGCGAAAGGGGAGAAGGC TAACGTGTT:
“ACATTTGACCCAAGGGACC TGC TGGGAGCAAATGTACACACC GEGAGGGGAGGTGAGAAATGATGACC TTGATCAGAGTTTAATTATTGC TGCTAGAAATATTGTTAGAAGAGC TACAGTATCAGCAGACCCG
\CAATGCTTTACAATAAGATGGAAT TTGAACCCTTTCAATCCC TAGTGCCTAAGGC TGCCAGAGGCCAATATAGTGGATTTGTAAGGACGC TAT TCCAACAGATGCGTGATGTGC TAGGGACATTTGACACTGT:
\AAAGGTCGAGAGGL TAAAACATGGGACC TTCGGCCCCGTTCACTTCAGAAACCAGGT TAAAATAC GECGCAGGGTTGACACAAATCCAGGCCATGCGGATC TTAGTGC TAAAGAAGC ACAAGAAGTCATAATG
“GTAATGGGGATGATCGGAATAATGCCTGACATGACCCCCAGCACAGAGATGTCATTGAGAGGAGTGAGAGTCAGTAAAATGGGAGTAGATGAATAT TCCAGTACGGAGAGAGTGGCC GTGAGTATAGATCGAT
SGGATTTGATGTCACAGTCTCGCACCCGCGAGATAC TGACAAAAACCACTGTGGACCATATGGCCATAATTAAGAAATACACC TCGGGAAGGCAGGAGAAAAATCC TGCCC TCAGGATGAAATGGATGATGGCA
SCTCACTGGCAACCTCCAAACATTGAAAATAAGAGTAC ATGAAGGGTATGAGGAATTC ACAATGGTCGGAAGAAGAGC AAC AGCCAT TC TAAGGAAAGCAACCAGGAGAT TGATTCAATTGATAGTGAGTGGGA
\GGGAACAGCAGGAGTGGAATC TGCGGTATTGAGAGGGTTTC TGATCC TGGGCAAAGAAGACAAAAGATATGGGCCTGCATTGAGCATC AAC GAATTGAGC AATC TTGCAAAAGGGGAGAAGGC TAACGTGTTG.
\CATTTGACCCAAGGGACC TGC TGGGAGCAAATGTACACACCGGGAGGGGAAGT GAGAAATGATGACC TTGATCAGAGT TTAATTATTGC TGC TAGAAATATTGTGAGAAGAGC TACAGTATCAGCAGACCCGT
CAATGCTTTACAATAAGATGGAATTTGAACCC TTTCAATCCCTAGTGCC TAAGGC TGCCAGAGGCCAATATAGTGGAT TTGTAAGGACGC TATTCCAGCAGATGCGTGATGTGC TAGGGACATTTGACACTGTCH
\AAGGTCGAAAGGC TAAAACATGGGACCTTCGGCCCCGTTCAC TTCAGAAACCAGGTTAAAATACGCCGCAGGGT TGACAC AAATCCAGGCCATGCGGATC TTAGTGC TAAAGAAGCACAAGAAGTCATAATGG.
STAATGGGGATGATC GGAATAATGCC TGACATGACCCCCAGCACAGAGATGTCAT TGAGAGGAGTGAGAGTCAGTAAAATGGGAGTAGATGAATATTCCAGTAC TGAGAGAGTGGCCGTGAGTATAGATCGATTH
\GATTTGATGTCACAGTCTCGCACCC GCGAGATAC TGACAAAAACCACTGTGGACCATATGGCCATAATTAAGAAATATACC TC GGGAAGGC AGGAGAAGAATCCTGCCC TCAGGATGAAATGGATGATGGC A
TCACTGGCAACCTCCAAACATTGAAAATAAGAGTACATGAAGGGTATGAGGAATTCACAATGGTC AACAGCCATTCT AACCAGAAGATTGATCCAATTGATAGTGAGTGGGAA
. . . IGGAACAGCAGGAGTGGAATC TGCGGTAT TGAGAGGAT TTCTGATCC TGGGCAAAGAAGAC AAAAGATATGGGCC TGCATTGAGCATCAACGAAT TGAGCAATC TTGCGAAAGGGGAGAAGGC TAACGTGTTGA
M Inor vira I p 0 p u I a t ions z ATTTGACCCAAGGGACC TGCTGGGAGCAAATGTACACACCGGGAGGGGAAGTGAGAAATGATGACCTTGATCAGAGT TTAATTATTGE TGC TAGAAATAT TG TGAGAAGAGC TACAGTATCAGCAGACCCGTT:

WATGCTTTACAATAAGATGGAATT TGAACCCTTTCAATCCCTAGTGCCTAAGGC TGCCAGAGGCCAATATAGTGGAT T TGTAAGGACGC TATTCCAGCAGATGCGTGATGTGC TAGGGACATTTGACACTGTCC.

2 VAGGTCGAAAGGC TAAAACATGGGACCTTCGGCCCCGT TCACTTCAAAAACCAGGT TAAAATACGCCGCAGGGT TGACACAAATCCAGGCCATGC GGATCTTAGTGC TAAAGAAGCACAAGAAGTCATAATGGA:

d etec te d b y nex t - g enera t ion AATGGGGATGATCGGAATAATGCC TGACATGACCCCCAGCACAGAGATGTCATTGAGAGGAGTGAGAGTCAGTAAAATGGGAGTAGATGAATATTCC AGTAC TGAGAGAGTGGCCGTGAGTATAGATCGATTC!
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SGAACAGCAGGAGTGGAATC TG GGTATTGAGAGGATTTCTGATCC TGGGCAAAGAAGACAAAAGATATGGCCCTGCATTGAGC ATCAACGAAT TGAGCAATC TTGCGAAAGGGGAGAAGGC TAACGTGTTGAT.
\TTTGACCCAAGGGACCTGC TGGGAGCAAATGTACACACCGGGAGGGGAAGTGAGAAATGATGACC TTGATCAGAGT TTAATTATTGC TGC TAGAAATATTGTGAGAAGAGC TACAGTATCAGCAGACCCGTTG
\TGCTTTACAATAAGATGGAATTTGAACCCTTTCAATCCCTAGTGCC TAAGGC TGCCAGAGGLCAATATAGTGGATTTGTAAGGACGC TATTCCAGCAGATGCGTGATGTGC TAGGGACAT TTGACACTGTCCA
\GGTCGAAAGGC TAAAGCATGGGACC TTC GGCCCCGTTCACTTCAGAAACCAGGT TAAAATACGCC GCAGGGT TGACACAAATC CAGGC CATGCGGATC TTAGTGCGAAAGAAGC ACAAGATGTCATAATGGAG
ATGGGGATGATCGGAATATTGCC TGACATGACCCCCAGCACAGAAATGTCATTGAGAGGAGTGAGAGTCAGTAAAATGGGAGTAGATGAATAT TCCAGTAC TGAGAGAGTGGCC GTGAGTATAGATCGATTCT
\TTTGATGTCACAGTCTCGLACCCGCGAGATAC TGACAAAAACCAC TGTGGACCATATGGCCATAAT TAAGAAATATACE TCGGGAAGGCAGGAGAAGAATCC TGCCC TCAGGATGAAATGGATGATGGCAATG.
ACTGGCAACCTCCAAACATTGAAAATAAGAGTACATGAAGGGTATGAGGAATTCACAATGGTC! AACAGCCATTCT) AACCAGAAGATTGATCCAATTGATAGTGAGTGGGAAAG.
SAACAGCAGGAGTGGAATCTGCGGTATTGAGAGGATTTCTGATCC TGGGCAAAGAAGACAAAAGATATGGGCCTGCATTGAGCATCAAC GAATTGAGCAATC TTGCGAAAGGGGAGAAGGC TAATGTGTTGATA:
TTGACCCAAGGGACCTGCTGGGAGCAAATGTACACACCGGGAGGGGAAGTGAGAAATGATGACC TTGATCAGAGTTTAATTATTGC TGC TAGAAATAT TG TGAGAAGAGC TACAGTATCAGCAGACCCGTTGE
“GATTTACAATAAGATGGAATTTGAACCC TTTCAATCCCTAGTGEC TAAGGE TGCCAGGGGCCAATATAGTGGATTTGTAAGGACGC TATTCCAGCAGATGCGTGATGTGC TAGGGACATTTGACAC TGTCCAA.
IGTCGAAAGGC TAAAACATGGAACCTTCGGCCCCGTTCACTTCAGAAACCAGGT TAAAATACGCCGCAGGETTGACACAAATCCAGGCCATGCGGATC TTAGTGC TAAAGAAGCACAAGAAGTCATAATGGAGG
\TGGGGATGATC GGAATAATGCL TGACATGACCCCCAGCACAGAGATGTCAT TGAGAGGAGTGAGAGTC AGTAAAATGGGAGTAGATGAATATTCCAGTAC TGAGAGAGTGGCCGTGAGTATAGATCGATTCTT:
TTGATGTCACAGTC TCGCACCCGCGAGATAC TGACAAAAACCAC TGTGGACCATATGGCCATAATTAAGAAGT ATACC TCGGGAAGGC AGGAGAAGAATC CTGCCC TCAGGATGAAATGGATGATGGCAATGA.

50% of the viral population possessed the amino acid Leucine at position 226
(H3 numbering) of the HA receptor binding site, which entails preferential
binding to human-like a2-6-linked sialic acid (SA a2-6) receptors.

Minoungou, Zecchin et al 2017. EID accepted



Practical uses of genome sequences
Data provided rapidly (in real-time) in case of an outbreak

e |dentification of mutations with diagnostic implications

. primerHSF

. A/chicken/Burkina_Faso/17RS93-19/2017_HO9N2

Bl W[N] =

. probe

. primerHOR

Monne et al, JCM, 2008

The established RT-qPCRs need to be
costantly evaluated and adapted.
Fine tuning for improved performances
during outbreaks is necessary
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Technology accessibility:
Sequencing centers over the world

Nocenters | | 1~10 [] 11~20 M 21~40 M 41~60 M s1~100 W =100

As of November 2015

Helmy et al. Applied & Translational Genomics 9 (2016) 15-19



Avian influenza viruses have a global reach:
possible actions for the sustainable
development of genome sequencing technologies

Using modern sequencing technologies

that minimize infrastructure requirements
(i.e., MinlON by Oxford Nanopore
Technologies)

Increasing research funds for genomic
research

Fostering international collaborations
(crucial role for OIE/FAOQ reference
lab/centres and OIE collaborating centers)




Obstacles to sample sharing and generation of evolutionary data

* Sample shipment (cost, logistics)

Name and phone
number of
responsible person

Biological
Substance,
Category B

Dry ice
3kg

* Lack of metadata (i.e., date, location, species, farm type, clinical signs, biosecurity and
control measures)

D~ |county autbre ~ | adnsR ~ | region ~ | utbre ~ | pathac ~ | hSubty — | diseas ~ |relatec — [relatec ~ | adnsL! ~ | Latituc | Latitue — | Latituc ~ | adnsLi — |Longit ~ |Longit ~ |Lonait ~ | suspiciar — | confirm: — | firstini| ~ | killedC ~ | destru cazes — |deaths ~ | destrd ~ | depop — | countr ~ |MUTS: ~ [ MUTS: ~ [1atitud: — |longitd — | =pe
635 03 TALY 2003 1104310 VERONA 1LPAl Unknatn [l "5 i 50 Ea "o =l i 07/05¢2009 | 08512009 13/05(200: 13H0S/200: 17500 17500 17500 T ITH3  Verona 462983 108531 TUI
636 03 TALY 2003 2| 04310 VERONA 2 LPal Unknown (2008~ (] "5 i "0 Ea "o 50 50 0340522003 | 11052009 130054200 13405¢200: 15000 15000 15000 IT ITHH | Verona 45293 10,8473 TUI
637 03 ITALY 2008 3 05210 PERUGIA 1LRal Unknatn (] "1 ] "o EA M2 =] "0 2052009 | 2300542008 19328 ] 0 T T2l | Peugia 430523 12,3506 TUI
638 03 ITALY 2003 +| 03160 CUNED 1LPAl Unknatn [l " "2 "0 EA ] "5 "0 1310562009 | 2900542009 0306/200 D30B/200 9023 3 0 023  s0zsT ITCIE  |Cuneo 443595 7.76045 MIs
59 03 TALY 2009 5 03160 CUNED 1LRal Unknown (] "4 "z "o Ea 7 M6 ] 1940512009 | 2300542003 10/0GH200: 1OG/200: 11717, 2 0w ITCIE | Cuneo 44,3693 776723 CH
6400 03 TALY 2008 & 010 TORIMG 2 LPal unknown 2003 6 (] "5 i "0 EA il "5 "0 2H0S2009 | 03REA2003 IBDEI2008 THOBIZ00E 1642 47 0 42 w2 IT ITCH | Torino 452457 7.9596 M
641 03ITALY 2003 7 04580 FORLI-CESENS 1 LPAl Unknown MO '44 '3 'EI EA '12 '21 '4EI 12006/2003 16062009 16/0E/200 16/06/200! 2442 2 a 2442 2442 1T ITHS8 Forli-Ces: 341604 12,3612 MI}
642 03 TALY 2009 4 04550 EOLOGNA 1LRA Unknown [a] "4 "8 "0 Ea it "5 " 19/06/2003 | 13HDE2003 20BZ00 2I0BIZ00 2327 5 0 omEr EmET ITHSS | Eologna 44441 14297 DU
643 03 ITALY 2008 4| 14530 REGGIO NELL EMI 1LRal Unknatn (] N "6 "0 Ea i "6 "0 2240612009 | 2300642008 2886 3 T ITHE: | Reggioh 447822 10606 M
B44 03ITALY 2003 10 04320 VICEMZ A 1 LPAl Unknown MO '45 'Z}E '|EI EA '“ 'SB 'Z}EI 22006/2009 | 24/06¢2003 2906/200 23¢06:200 4892 8 4832 4892 1T ITH32 Wicenza 456379 T.E034 MIF
645 03 TALY 2009 ] 03160 CUNED 1LRA Unknown [l N "8 0] Ea 7 "0 "o OH0BAZ009 | 2540842003 2HOBIZ00 2H0BIZ00 3033 20 033 083 1T ITCHE | Cuneo 444681 750173 M
645 03 TALY 2008 12| 04570 RiAYENNA 1LRal Unknatn (] N "z "0 Ea il "5 i 26062009 | 2800642009 OWOTIZ00 OWOTAZ00: 224 5 azad) 2T ITHE7  Ravenna 445435 13041 M
B47 03ITALY 2003 13 04370 ROVIGO 1 LPAl Unknown MO '45 '2 '3!] EA '12 '|2 'Il] 26062009 0170712009 OBA0TA200 DB/07I200 1000 4 a 1000 1000 1T ITH37 Rovigo 45,0438 12,2046 MIF
645 03 ITALY 2009 14| 08520 MATERA 1LRA Unknown [l "1 "20 "o Ea " M5 "20 2HOBZ009 | 0BA7IZ003 A0H0PH200: 1407H200: 40 2 0 40 40T ITFS2 | Matera 40,3365 16,2563 CH
643 03 TALY 2008 16| 05340 ASCOLI FICEND 2 LPal Unknown 2003 iz (] "z i "0 Ea " "0 "0 OGA0TZ009 | 10KITHZ003 1280 2 0 T 6 (Fermo 430992 13500 M
650 03 TALY 2009 16| 06330 MAPOLI 1LPal Unknawn (] "0 "5 "0 Ea "4 ] "0 1072009 | 0712003 0540842001 D5/S/200 4 1 0 4 47 ITF33 | Mapoli 405917 14,3563 CH
651 03TALY 2009 17| 06330 MAPOLI 2 LPal Unknown 2003 6 [l " "6 0] Ea " =] i 1072003 | UOTIZ003 OGA0E200) DEAZZ00 13 1 1 17 ITF33 | Mapoli 405008 14,5706 CH
652 03 TALY 2008 12| 06330 MAPOLI 2 LPal Unknown 2008 TG [l "0 "6 "0 EA i "0 "o 170742009 | 03#8/2008 06404200 DEA2/Z00 19 1 0 [t} T ITF33  |Mapoli 406083 14,3372/ CH
653 03 TALY 2009 19/ 06330 MAPOLI 2 LPal Unknawn 2008 6 (] "0 e "0 Ea "4 fez "0 1A0P/2009 | 0340842003 OB/0S200) DGASI200 20 1 0 20 20T ITF33 | Mapoli 406103 143761 CH
654 03 TALY 2009 20 06330 NAPOLI 2 LPal Unknown 2003 6 (] " "8 "o Ea " "4 "0 1F0T2009 | 0300842003 05084200 0503200 48 ! 2 44 45T ITF33 | Mapoli 405375 14,4094) M3
655 03 TALY 2008 21 08330 MAPOLI 2 LPal Unknown 2008 TG [l "0 "8 "0 EA i 3 "o 170742009 | 03#8/2008 06404200 DEA2/Z00 0 1 0 0 07 ITF33  |Mapoli 406281 w241 CH
656 03 TALY 2003 22 06330 APOLI 2 LPal Unknown 2008 i6 (] "0 (H i Ea i) " "5 18072009 | 0440842003 OPA0B200 OTHOBHE00 50 1 0 50 50/IT ITF33 | Mapoli 407344 14,0563 CH
657 03 ITALY 2009 23 06330 NAPOLI 2 LPal Unknown 2003 6 (] " " "0 Ea " ] "0 1G0T/2009 | 040842003 OTH0S200 OTHIZZ00 50 1 0 50 50/IT ITF33 | Mapoli 407944 14,0563 CH
658 03 TALY 2003 24 06330 NAPOLI 2 LPal Unknown 2003 16 [l "t " i EA i f22 ] 17072009 | 030812009 074084200 071031200 0 1 1 E] 07 ITF33  |Mapoli 406772 14,3672/ CH
FRA N3 ITALY 20n3 2RMRAANAWFLTIMM TIPal Hrknnwn Ll Fan T Fan Fa K s T FTNTIZONA | NZNRZING AZNASFON AANRA2ON: a7 K n a7 7T ITF24 Lualline 4n 2aR1 15 11R4 | I



Obstacles to data sharing prevent the exploitation
of the benefit of evolutionary analyses:
considerations from an OIE/FAO RL/RC (1ZSVe)



Immediate release of sequences in public databases
in the last four years at a FAO/OIE RC/RL (1ZSVe)
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From the evolution of technology
to understanding the evolution

Avian influenza viruses have a truly global reach and cannot be fully
understood by studies limited by a spatial or temporal range.

In an increasingly connected world, rapid sequencing and standardized
protocols to collect samples and data from outbreaks should be established.

Investing in computational and genetic technologies will be essential to
generate data which can be used to build tailored control systems and
research agendas.



From the evolution of technology
to understanding the evolution

The greatest obstacle to understanding
the full public health potential of
influenza data is social, not
technological.

Global and multi-level efforts are
essential (1) to educate to the benefits of
virus and data sharing and (2) to develop
universal guidelines to assure access to
avian influenza viruses and data in real
time
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Thank you for your attention!

Istituto Zooprofilattico Sperimentale delle Venezie

Isabella Monne
Ph.: +39 049 8084384 | imonne@izsvenezie.it
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