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BROADLY PROTECTIVE DNA VACCINE

DNA vaccine based on genes from pandemic
influenza A viruses induces broadly protective
immunity in swine

Karoline Bragstad?, Lasse Vinner?, Jens Nielsen?, Mette Sif Hansen? and Anders Fomsgaard?

1Department of Virology, Statens Serum Institut, 2300 Copenhagen, Denmark. KBR@SSI.DK
2Division of Virology, DTU National Veterinary Institute, Lindholm, 4771 Kalvehave, Denmark

INTRODUCTION CONCLUSIONS
We have developed an influenza DNA vaccine expressing different influenza The influenza DNA vaccine based on the surface glycoproteins of pandemic
proteins of pandemic and seasonal origin and demonstrate protection in swine HIN1v-09, seasonal H3N2 influenza viruses and internal proteins from the
against infection with both heterologous and homologous HINI virus infection. pandemic 1918 HINI virus induced protection against homologous and
n L . L heterologous virus infection in pigs.
Influenza vaccines inducing broad cross-reactive immune responses would be of
great advantage for protection against both seasonal and emerging influenza ®DNA vaccinated pigs were protected from infection or able to clear the virus
viruses. infection more rapidly than the control group

DNA vaccines trigger both humoral and T-cell immunity which induce a broad

and long-lived protection ® The influenza DNA vaccine induced broadly protective haemagglutination

® htradermal (i.d.) delivery of DNA vaccines has been the most effective way of inhibition (HI) and HA spec'iﬁc IgG antibodies able to cross-react with
immunisation using less antigen. heterologous HIN1 and H3N2 viruses

New-generation DNA vaccines perform well, also in larger animals. ® Vaccine induced antibody levels were increased upon challenge with homologous
and heterologous virus infections.

ANIOOVA VNA VZNIN14NI

Protection against heterologous H1N1 challenge — Pilot study
1A) B) ® DNA vaccinated pigs clear the virus infection, heterologous to the
A/Swine/DK/19126/93(H1N1) in nasal swabs Cross-reactive HI Ab against pandemic HIN1v-09 . . . . .
s 5] = ommen vaccine component, more rapidly than unvaccinated pigs. Sterile
o o o immunity observed for the pig vaccinated with HA+NA by EP (Fig.
o © GG HININPIM 2 oo S e 1 A)
= — EPHIN H
§§ . N EIR ® HI titre >40 at day 10 post 2.nd vaccination by EP. Higher levels of
ER E HI antibodies in DNA vaccinated pigs compared to non-vaccinated
g, B pigs (Fig.1B).
| R u Heterologous challenge trigger vaccine-generated HIN1v-09 HI
oo $ > P antibodies.
Days post challenge E & B & A
T e e g ity gL 1 ™ EP was chosen as the gene delivery method for the following study.
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2A) B) [e)
HIN1v-09 virus titre in nasal swabs Hl titre A/California/7/09 H1N1v 1000000 Anti-rHA A/California/04/2009(H1N1v-09) n
8 oA vacine e on vace I Pigs vaccinated by DNA EP are either protected from infection or
. e 100000 e o - clear the virus infection more rapidly than un-vaccinated pigs.
e I - . . . .
s 2 10000 // + Sterile immunity observed for 2 of 5 DNA vaccinated pigs (Fig. " =
2 / 2A).
Ll S @ 1000 . L
gke2 3 i /x ® H1N1v-09 HI titre >40HAU at 7 days post 2.nd vaccination.
g 100 // Significant higher HI antibodies compared to un-vaccinated pigs
0 pad (Fig. 2B)
T wspestchalenge S G g PO OO ® The DNA vaccine induce high HA specific IgG antibodies after
vidual pigs, n=5 in each grouy i Y > QY . . . .. .
radalpis, 5 n aeh o MRS first vaccination which is increased after challenge (Fig. 2C)

Figure 2: DNA vaccine based on the HA+NA genes of HIN1v-09 +HA and NA of H3N2-05 + M + NP genes of HIN1 1918
Challenge: HIN1v-09 virus. (DNA vaccine group n=>, naive group n=5)

DNA vaccine induces high cross-reactive levels of HIl and IgG antibodies in pigs

) e mpsbanaooreary B ® Antibodies against the H3N2 components in the DNA vaccine
Anti-rHA A/Brisbane/10/07(H3N2) Anti -THA A/Brisbane/59/07(H1N1) . . . . .
= o (included in the 2006 to 2008 protein vaccines) cross-reacted with
- R Wit enain N o vaceine the H3N2 components included in the 2009-10 protein vaccine
- /—L\ 3 Nave (A/Brisbane/10/07) (Fig. 2D and E).
m o " ® Cross-reactive H3N2 HI titre >40HAU at 21 days post 1.st

vaccination (Fig. 2D)
® The DNA vaccine based on the HIN1v HA and NA genes induce
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‘ r/f HA specific IgG antibodies that cross-react with the genetically and
EEEEEErEr 10 - PSRy m;& R antige_netically different Hl}I\.Il virus from previous seasons
A A S R SRR MR (A/Brisbane/59/07). In addition, challenge by HIN1v induce an

) increase in antibodies against the seasonal HIN1 (Fig.2F)
Figure 2: DNA vaccine based on the HA+NA genes of HIN1v-09 +HA and NA of H3N2-05 + M + NP genes of HIN1 1918
Challenge: HIN1v-09 virus. (DNA vaccine group n=5, naive group n=5)

Objectives/Study design

Objectives Fig. 3 DNAveccnaions shonge Study 1
Study 1 - Fig. 1A, B, Fig. 3: o L

«Pilot study, epidemal delivery of DNA vaccine: comparison of gene gun (GG) and electroporation (EP) R v i

«Determine cross-protection from classical swine HIN1 infection by human HIN1v-09 DNA vaccine in swine. " " ;

Study design: Influenza genes were codon-optimised and cloned in an expression vector. Four pigs were vaccinated twice, three weeks apart with cither HA and NA genes from HIN1v-09 (A/California/7/09) | s} :

alone or in combination with NP and M genes from the 1918 HINI virus, dorsal side of each car and on inner side of each thigh. Each GG shot contained 2 ug DNA, EP used 100 pg DNA each i.d. injection. d 4 4 d 444 9

The pigs were challenged with A/swine/DK19126/93(HINI) ten weeks after last immunisation (Fig.3). One pig was included for cach DNA vaccine group and four pigs were included in the un-vaccinated
naive group.

Study 2
Study 2 - Fig. 2A, B, C, D, E, F, Fig. 4:
*Evaluate the protection from HIN1v-infection in swine immunised with an HIN1v/H3N2 DNA vaccine based on the 2009 HINI pandemic HA and NA +2007 H3N2 HA and NA + 1918 HIN1 pandemic NP k
and M genes. .
Study design: nfluenza genes were codon-optimised and cloned in an expression vector. Five pigs were vaceinated by EP (200 g total DNA in one inection, ~6.4 g HA DNA, each injecton), twice, three | sl
weeks apart with HA and NA genes from HIN1v-09 and A/Wisconsin/67/05(H3N2) in combination with NP and M genes from the 1918 HINI virus, dorsal side of each ear and on inner side of each thigh. The dd d 400 0

pigs were challenged with A/California/07/09(HIN1v) three weeks after last immunisation (Fig. 4).
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