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Influenza A virus

HA hemagglutinin

MA neuraminidase

[ lipid bi-layer
o M1 matrix protein
..? T
‘ﬂu M2 ion channel

L NEP nuclear export protein

/\ segmented (-) strand RNA

www.bioedonline.org

= MNP nucleocapsid protein
= PB1, PB2, PA polymerases
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Wild waterfowl represent the
natural influenza A virus reservoir

"o
lgl
0?0\

Reassortant

QGN'Z\A; ngtyzzj mg;"m) Most avian influenza viruses are

u - .

 Subypes T perfectly adapted to their natural

Multiple combinations, e.g. H5N1, HON2 etc. .
hosts and are low-pathogenic!

EKAH 27.01.2023 * Gert Zimmer 3
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¢ Transmission of avian influenza viruses T

MY
EEEN

to other species

Adaptation,
reassortment

\ "f / (H1N1,H1N2, H3N2)
/ (H1-H16, N1-N9)

H5N1, H7N7, H7N3, .
H7N2, H7N9, HON2 g

i
— =

. o

Adaptation (H1N1,H3N2)

EKAH 27.01.2023 * Gert Zimmer
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Avian influenza viruses have
zoonhotic potential

“ LPAIV H7N9

% In 2/2013 - 6/2017 1533 confirmed human
infections, 592 with lethal outcome

+» Adaptive mutations detected
+» Air-borne transmission in ferrets
+» Rare human-to-human transmission

¢ A vaccination campaign controlled H7N9
circulation in poultry and successfully
stopped transmission to humans (Zeng et al
2018).

EKAH 27.01.2023 * Gert Zimmer
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¢

Avian influenza viruses were involved . —

b

u

EEEN

in all previous influenza pandemics

A

H1M1
(Spanish flu)

Direct adaptation:
mutation

(bird)

HaM2
(Asian flu)

Reassortment

{pird-human)

H3M2
(Hong Kong flu)

Reassortment

(bird—human)

H1M1
{Russian flu)

Re-emergence
of

H1M1 strain

H1MN1

Reassortment

(Dird—pig-human)

Direct adaptation
or

reassorment?

THENDN in Microfiology
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Highly pathogenic avian
influenza viruses

Subtypes H5Nx and H7Nx

Evolve from LPAIV through
mutations in the HA gene

Systemic infection

Mortality rate in poultry
up to 100% (“fowl plague™)

Some duck species are
resistant to the disease and
serve as “trojan horses”

EKAH 27.01.2023 * Gert Zimmer
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u
¥ In2021-2022 Europe was hit by the  ———
largest H5N1 outbreak ever seen

oozt - 18082022 [ o, * 3600 infections in wild bird

populations recorded

s 2500 outbreaks on poultry
farms

¢ Culling of 50 millions birds

+ Outbreaks also in the
summer season

s Spread to North America in
2022

+* Infection of mammalian
species recorded (seals,
porpoise, foxes, bears)

EKAH 27.01.2023 * Gert Zimmer 8
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/)
U Several countries currently pursue e
a non-vaccination policy

% Outbreaks of HPAIV occurred only
sporadically in the past and could effectively
be controlled.

% Conventional AlV vaccines do not allow
simple serological differentiation between
vaccinated and infected animals (DIVA).

% Immunized animals may not show symptoms
when infected with HPAIV, but may still
excrete infectious virus.

)
0’0

Trade restrictions

)
0’0

At initiative of several EU member states, the
European commission will allow vaccination
against H5 and H7 influenza viruses

EKAH 27.01.2023 * Gert Zimmer 9
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u

O VSV is an enveloped virus with a
single-stranded negative-sense RNA genome

RNP

3!

»  Member of the Rhabdoviridae

»  Characteristics in vitro:

- Broad cell tropism (G protein) -
High titers (10° pfu/ml)

- Highly cytotoxic (M and G)
- Highly sensitive to IFN

5I

~ 11,200 nt

EKAH 27.01.2023 « Gert Zimmer
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VSVAG(HA) replicon particles e

VSV 3' )

VSV*AG 3 A 5'

VSV G Expression

1010
- + 109_
108 )
— 1074
§106_
5
&134 -O- + Inductor
10° -O- - Inductor
1024 —O— A )
' 1o1¥ g
1 | 1 1
Helper cell line 0 12 24 36
Hours p.i.
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u
v RNA-Replicons: Self-replicating RNA e

Q B
Q Rl
% Ogf

%/

ILILLLLALIADS

« Efficient delivery

o !
FEEBE 3
Q BaRRAR
Q QAR O

Q& & 4R
oxg® o
B0 B
qJ AR L3 30
g REEEL O

 Transcription/replication in cytoplasm!

RNP(-) RNP(+)
X * RNA amplification — high HA antigen level
/. * Viral RNA — stimulates the innate
immune system!

Plasma

membrane . _

* Inability to replicate — safety!
EKAH 27.01.2023 * Gert Zimmer 12
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C Dose-dependent induction of virus-
neutralizing antibodies

NDso/ml
Chicken no.
VRP - Number _of Vaccine dose #1 #2 #3 #4 #5
immunizations (ffu)
VSV*AG 2 2x108 <100 <100 <100 <100 <100
VSV*AG(HAHs-vP) + UV 2 - <100 <100 <100 <100 <100
VSV*AG(HAHs-HP) 1 2x108 1350 400 141 283 200
2 2x108 12800 51200 9050 9050 9050
VSV*AG(HAHs-HP) 1 2x107 <100 <100 <100 <100 <100
2 2x107 283 141 <100 <100 <100
VSV*AG(HAHs-HP) 2 2x108 <100 <100 <100 <100 <100

aA/whooper swan/Mongolia/3/2005 (H5N1)

i
=
Y& 0

L

Boosting of the
antibody response!

EKAH 27.01.2023 * Gert Zimmer
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b

U A single, high vaccine dose is sufficient .

to protect chickens against HPAIV (H5N1)

Survival Clinical symptoms
100 3 -
. ) B 2x10° fiu, prime/boost |
g 8 27 B 2x10° fiu, prime
— @
g 50 4 T{g B 2x10" fiu, primefboost — VSV*AG(HA, ;. ..)
g = B 2x10° ffu, prime
w = B 2x10° ffu, prime/boost_|
O 2x10° ffu, pimefboost [ VSV*AG
0 2 4 6 8 0 2 4 6 8
days p.i. days p.i.

Challenge with: A/lwhooper swan/Mongolia/3/05 (H5N1)

EKAH 27.01.2023 * Gert Zimmer
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+ w

Immunized animals do not excrete HOSN1 &

B 2108 ffu, prime/boast |
B 2x10° ffu, prime

B 2107 ffu, prime/boost = VSV AG(HA
B 210 ffu, prime

Ho-Hr-’]I

. B 2x10° ffu, prime/boost_|
(C) OrOpharyngeal Sheddlng (d) Cloacal Sheddlng O 2x10¢ ffu, prime/boast WEVTAG
257 251
20 - = 20 4
C T o .
3 154 fgnm g O 15- . -
1 . 1
2 10- < 10.
54 54
=TT ~ - T -y
1357 1357 1357 1357 1357 1357 1357 1357 1357 1357 1357 1357
days p.i. days p.i.
Halbherr et al. (2013) Plos One 8:¢66059
EKAH 27.01.2023 + Gert Zimmer 15
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v Serological differentiation of immunized
from infected animals

NP-ELISA HS5-ELISA
. Pre- Post- Pre- Post-
Survival challenge challenge challenge challenge
VSVAG-
GEP 0/6 0/6 ND 0/6 ND
Sentinel 0/6 0/6 ND 0/6 ND
Sue | el 0/6 5/6 6/6 6/6
Sentinel 6/6 0/6 0/6 0/6 0/6
Vaccinated: NP(-)/H5(+)
Infected: NP(+)/H5(+)
Halbherr et al. (2013) Plos One 8:e66059
EKAH 27.01.2023 * Gert Zimmer 16
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Summary

4

D)

o0

*0

/
0’0

/
0’0

/
0’0

/
0’0

VSVAG(HA) is propagation-defective, single-cycle vaccine vector with a high
biosafety profile.

A single high vaccine dose administered intramuscularly confers full
protection of chickens against challenge with a lethal dose of HPAIV H5N1.

Excretion of challenge virus is abrogated and sentinel animals protected.

Animals immunized with VSVAG(HA) can be serologically distinguished from
infected animals (DIVA).

Adjuvants are not required.
Adverse effects have not been observed.

The extraordinary biosafety and efficacy profile of VSVAG(HA)
justifies its use for experimental vaccination of birds in the zoos of
Bern and Basel.

EKAH 27.01.2023 * Gert Zimmer
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