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HIGHLY PATHOGENIC AVIAN INFLUENZA H5NX CLADE
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« HS5N1 HPAI is not a single 2014-20154EHPAI-2.3.4.45 X M FE1E

Virusl but a fam”y Of Viruses NisseraR 2204 20054 A HE-HRAI-2.3.4. 40 X R BER IR X 1B R 391
H Table 2. Clade 2.3.4.4 H5 HPAIV strains and outbreaks in the winter of 2014-2015*
with any clades and S [
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viruses have variable -
biological properties e

Russia

» HS5NXHPAI-23.4477%XEHF ==
A RREYFRME -

USA

*Black bars denote poultry outbreaks, and gray bars denote isolation from wild birds. Data were obtained
from OIE (http://www.oie.int/animal-health-in-the-world /web-portal-on-avian-influenza/) and USDA
(http:/ /www.usda.gov/wps/portal/usda /usdahome?contentid=avian_influenza.html) web sites.
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[Saito T et Al, 2015, Rev. Med. Virol., 25, 388-405]
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Fig. 1. Geographic map s hovnng movement patterns of highly pathogenic avian influenza (HPAI) clade 2.3.4.4 viruses.
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fill represents the antigenic root from classic H5 influenza viruses, including four viruses of wild bird origin {A/mallard/Netherlands/3/1999 [MA/
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AVIAN INFLUENZA H5 ANTIGENIC DRIFTS
)

3B Bk

I)IL IL.\

[ L eranos s sataver

WA @I AN

BHSI[REFZ R IT

ST g pet) 1 TR A

Sy TG A IR 800 7 ~
SOV LG ) 1 S SR 00T
24 L QWU 7 3 20RO 00 7

T AT A

LAOCOMM | A an b gy WA A DR

vaa e grg e O N LA

LA LR

L miarresoanmnmsmmrs

MO I AN G D T LT L
| n - . .
] ROV N e s T gy AN DU G 2000
LT A I gy gtk WG A W LV 200 7
T B e ALA ey A MR PO N 200 T
Ny S ARG A Y T Naoar
LD PR 1AM A Gy T A By
- A Ve e b gt T
> (! P AR A rr o 4 0 ChEA POV 200N

L e A

AT A A

RN PO AL

) P CHR S B N I00N

Er e A

W B gy A TR 4B DO

L e rs T

P T | n

W Car MOAAr AR ) 3 O L

0 T L

e AT gy e

LT 4 A

s 17 gy UMM bl SIS O

gy ad PO 2000

IO AL A b Ry L T T

TSV AR TON

oo
G

e bt gere

L PR T S

S R N

N ]
T MA VIO
Y DT ORI 00T -
LGy A0 D - re R On

COPEE M % N P4 LN M

BN P s bl Gy 0 PP R UL A OO0

GO A

bW gy pa IR S O

oM

LY 1O A

a1

W PN A N

L

[Abdel-Moneim A.S. et Al., 2011, Virol. J., 8, 283-209]
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Phylogenetic tree of viral HA
sequences of the Egyptian H5N1
viruses generated by neighbor-
joining analysis
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Ribbon diagram of the trimeric HA molecule with depicts the amino acid
residues differentiating variant strain (F10) from parent ones (F7-F9)

shown in yellow=R{AHAD FRITEIRE, ERTRHST=FMHK (F10)
*D%ZIKH‘E ’ (F7-F9) E’]ELEEL&?%EO

el

[Abdel-Moneim A.S. et Al., 2011, Virol. J, 8, 283-209]



HP AVIAN INFLUENZA VACCINATION STRATEGIES
SEFEEERRREENRE

Available technologies — vector Available technologies — inactivated
vaccines vaccinesA] A A- X EE R

o AR AR-Z AT E Full virus — ovoculture (H5, H7, H9)
Fowl Pox (H5, H7) Reverse genetics (Re series China H5)
Newcastle disease virus (H5) Expression systems — baculovirus (H5,
HVT (H5) H7)Etc. £/ =-EREESF (H5,H7,H9)
X§%S ( H5,H7) REREZ ( ReRF|H1[EHS)

T EiRE (H5) FTEXRG-HIRmSE (H5,H7)FF,
HVT(H5)

Vaccination programs % 5 {2 &

Day-old application of vector vaccines (vFP + vHVT), Combo inactivated vaccines
with other components like ND, Compatibilities with other vaccines of inac
vaccines used, starting from less susceptibility to maternal antibodiesZ{{AJZ &
(VFP + VHVT)HIRI FH - EE S H/BNDE D HIUCERE - ZREVOCHEEBEMEME
BHHFERME, MU BIABRMBFRER,




HP AVIAN INFLUENZA VACCINATION STRATEGIES = B J&
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Enlargement of cross-protection spectrum by combining vaccines — PRIME-

BOOSTEAGZ B R AR X RIFIE-IMRFHZ
Currently
1. Different antigen presentation 1. SRFRMMIEEE
— Fowlpox: Cell-Mediated Immunity -385% : AN S%E HS& H/ to
— Inactivated: Humoral Immunity -2C&&HE @ %R
4 come

2. Boost |rec+ed toitgrotectlve antigen (HA)
2. EIXRIFHERIR & 4F H

3. Boost with a different HA to increase response against conserved epitopes (broader
3. AFRIMHAEEEEH XN ARTFNMIRRUNRERN (RRFSE] ZHIRN )

28t JOR B B
B + B = B mainly (2 shots of inactivated vaccine)
A+B>AB +ABC (prime-boost) ISR 5 &

response)
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HP AVIAN INFLUENZA VACCINATION STRATEGIES

VACCINATION AGAINST AVIAN INFLUENZA H5N1 HP Prime-boost protocol HSN1/&
Rt g s R X

Breeder #3¥% DO 1\8#) D14 (1481%)
—& SPF H5NO It
—- Al 3x H5N9 It
Al 3x vFP89 H5NO It
H5N1
H5N9 HENS
A
V1 _— &
V2 VA A//@_ \/1 7
v VZ \
.S \ 4 /// /‘ ' / v _ //V
S / = 7
& L y— Vi : A /.
bo D14 D28 D4 D14 D28 D42 DO D14 D28 D42
FP AIV-H5 pr|m| overcomes MDA interference on

inactivated vaccine
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AVIAN INFLUENZA H&N PROTEIN ENGINEERING
%uwuH&N%EI*E

B& : FFHSN1BUR HEEE BB BURMHAFINAZE EFHSNIE TR B RSN N AR ERESHEX
Objective = combination of pathogenic actualized HA and NA genes of a HSN1
pathogenic field virus with the six remaining genes of a H5N1 backbone vaccine virus

HA antigen
NA antigen

HA gene

v

reenr o

’S’ 1. Hsmgr i A EREHATINARIEL R A ER R A ZIDNAGTHI &

HA and NA genes of a H5N1
pathogenic field virus and then

HA antigen
NA antigen

insertion into DNA plasmics

Generation of DNA
plasmids frem

the remaining six
genes of the HSN1
backbone vaccine

W

HEN1 reverse genetic
vaccine strain
replicated in chicken
embryo

2. BHSNIE FRFHI6NIZE REDNAR @ﬁg

0

Insertion of a pathogenic actualized HA ad NA
ganas of a HEN1 pathogenic field virus plasmid
and of the six remaining genes of a HSN1
backbone vaccine virus into animal cell systems

H5N1 B0 14 B B R BHAMNAK R E R NAHSNIE TE B RS
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Growing
animal cells

Instruction of the animal cell systems to build new
H5N1 reverse genetic vaccine strain

R ATAIHSNLR AR G R BB

Slicing of the pathogenic actualized

Re series:

H5N1 Re-5

H5N1 Re-6
H5N1 Re-8

H7N9 Re-1
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Engineering of the insert to match currently present H5N1 HPAI viruses
5 B TRIHSNIE HPAR S B AR A YR T8

Expression of antigen in insect cells after infection with a recombinant
baculovirus encoding for inserted sequenceZg 8 1HE A BRI E A IR

REREREEERARANNIRETE

A/Dk/China/E319-2/03 (H5N1) Clade 2.3.2

Al rH5
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e TheAl component resembles cIoser the currently prevalent Clade A H5N1 ©

I1-IPAIviruses BRREAMNADFMHBRITIND A H5N1 HPAR = IEE R

S141P

S123P
A238T
R162K

S120L

* 18 out of 24 amino acids specific for the Clade A H5N1 viruses are present in"* E
the HA antigen . ~pras

D43

¢« HXAHNUFEEPHESFHNUNSEBIRIBTEEFEETHARES

& & * & & * & £ * ik . * & s *

141 151 156 165 185 1%2 226 238
Imino acid position 43 71 74 97 110 115 120123 140 144 154 162 ls4 150 325 405

BEST Al MEKTxCDLDxX] VEWKET T T
————x-l--x -x—-—-x-

L
4

——x-l--x -x——-x-
——x-l--x -x——-x-
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————x-l--x -x-—-x-

———xl--x —-x——-N-x-
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————xl--x —-x—-—Jl-x-
———xl--x —-x——Jl-x-
b/duck/Egqypt/101565v /20108 ——xM--x —-x——-x-
A/chicken/Egypt/0915-HLOP/ 20098 ————x-l--X —H——l-X-
ASEgypt/NO3072 /20104 ————x—l--x —-x—-—Jl-x-

Frorrrr
MEHE MR S

Afchicken/Egypt/10127s5/2010B ————x-D--x-P--S5——x--N-x--R-x--K-x--S--P-=xRGF--¥Y-x-----T=x I X—-WV-u--T-x-G-x-K-
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[Abdelwhab et Al., 2012, Virus Genes, 45, 14-23]
[Cattoli G. et Al., 2011, J Virol, 85, 8718-8724]
[Watanabe et Al, 2012, J Gen Virol, 93, 2215-2226]
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MR IA A EDNA
Linearized baculovirus DNA

Obtained by
gene synthesis
(codon optimization

and mutations)

Co-transfection

Ligation into the vector

HEER AR

Baculovirus transfer vector

with the HA insert
HAE A ZIF IR B R B A
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BEBBN  pemEn FEEAGRE g4y
A% wEER mpme OBEH Keomipn oA

Group J Country of Origin J Species of Origin [ Year of isolation Vlrus Clade Protection against | Maximum
of challenge virus J of challenge virus mortality and sheddingin days
clinical signs (Positives by PCR)
Mexico (H5N2)  Chickenyg 2004 0 100% Not done 1
O
Vietnanit&Eg Duck 8 2005 2.3.2 100% 3
©
Spain FHPEIZF  Chicken X8 2006 2.2 100% A
O
Fgypt &R Chicken 8 2008 2.2.1.1% 90% 3
Egypt &R Chicken Y& 2010 2.2.1* 100% Absent ﬁi&%)
: ©
Egypt &R Chicken X3 2010 2.2.1.1% 80% 7 -
Foypt =X Chicken X8 2012 2.2.1* 100% 7
©
* Also known as Clade A

** Also known as Clade B
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2851 TR/ Opesessy/R8 MBS/ SN SR - O/ HiEE

Oral Shedding/ | Cloacal shedding/ | Days shedding

Englneered 35/0

|'MH!I 9/9 9/9 9/9 3.9/3.7

 Antigenic drift is the challengein[R;ZF% & #k X

* Cross-protection induced by vaccination programs
o BB ERF

* Engineered proteins to optimize immune response

- IEERXRMICRERLN
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Volvac® B.E.S.T. Al+ND KV RSA H5N8 challenge study
Volvac B.E.S.T Al+ND KV RSA & B H5N8 I E R 1P 5T

Zero mortalities were recorded in vaccinated birds, according to the Sponsor’s definition, the vaccine

attained 100% efficacy in this study. (Section 7.2, pg18-19).

RFEALEVENX - HNRA  REEMIOBETERAT - AR P 1ZEEBEKIS100%HH 2814

Volvac B.E.S.T Al+ND KV induced a drastic reduction of shedding in vaccinated chickens. At the
respective peak shedding points, non-vaccinated birds in Group B shed an estimated mean of 14.84
million viral particles per tracheal swab compared to 115,507 viral particles per tracheal swab in
Group A. Group B shed an average 822,603 viral copies per cloacal swab compared to 217 in Group A

(Section 7.4, pg26-29).
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Fig 1: Oropharyngeal shedding of HPAI H5N8 virus in Group A (vaccinated) chickens.
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Table 14: Interpreting serological test results for DIVA

SEROLO{ SULT
AR

IDEXX Al ELISA IDvet H5 ELISA
Volvac B.E.S.T Al+ND KVX8&¥ P 2495 8 S M.
VOLVAC® B.E.S.T AI+ND KV
VACCINE REACTION
IN THE FLOCK

H5 INFLUENZA FIELD
CHALLENGE
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VACCINATION AGAINST HP AVIAN INFLUENZA
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Prevention and control: ¥ $5 F0 2=l

Biosecurity & &

Continuous monitoring$3 22 N

Eradication programsiR R iTXl

Training at all production levelsFT & &~ /K Ry 1351

Vaccination (prevents clinical signs and mortality and significantly reduce

virus shedding) & #EM (FFLEIMARERAMSETR - WARERESEHS )
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Fig. 1. Occurrence and duration of outbreaks, strains involved and control measures applied in Italy to combat Avian Influenza introductions between 1999

and 20046,
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[Capua I. et Al., 2007, Vaccine, 25, 4987-4995]
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