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Fowl adenovirus wvaccine

The 1nvention relates to methods and compositions (formula-

H

tions) for the prevention of hepatitis-hydropericardium syndrome

(HHS) .

HHS 1s an 1infectious disease of chickens, characterized by

high mortality and severe economic losses, malnly 1n broiler

—

flocks. After first reports of the disease 1in 1987 from Paki-

stan, outbreaks have been documented mainly 1n Aslan countries,

Central and South America. Initial assumptions polnted towards

H

the 1nvolvement of an unknown agent 1n addition to an adenovirus

which was later revised by reproducing the disease 1n specific

H

owl

pathogen-free birds following oral 1infection with virulent

adenovirus (FAdV) species C strains.

Fowl adenoviruses are members of the family Adenoviridae and

genus Aviadenovirus. Five gspecies (FAdV-A to FAdV-E) and 12
serotypes (FAAV-1 to 8a and 8b to 11), 1dentified by cross-

neutralization test, have so far been recognized.

Adenoviruses are non-enveloped particles with a double-

stranded DNA genome and a diameter of 70 — 90 nm.

—

The major structural proteins of an adenovirus are hexons

and pentons, constituting an 1cosahedral capsid of 252 subunits

(capsomers), with hexons forming the facets and pentons cappling

H

the vertices of the 1cosahedron. The penton base anchors the an-

tenna-like fiber protein, whose distal head domain, termed knob,

harbors the receptor-binding site and 1s thus essential for 1ni-

tilating virus attachment to the host cell.

The FAdV capsid 1s characterized by a morphological peculi-

H

arity of two fiber proteins associated with each penton base,

whereas mammalian adenoviruses feature only one fiber proteiln

H

per vertex. Although the existence of dual fibers 1s common to

all FAdVs, two fibers distinct 1n sequence and length, each en-

coded by a separate gene, are a specific feature of FAdAV-1
(FAAV-A) (Hess et al., J. Mol. Biol. 252 (1995), 379-385). Rased

—

on the novel finding of two separate fiber-encodling genes 1n an

FAAV-C 1solate, 1t was recently demonstrated that this reflects,

among all FAdAV species with equally long fiber proteins, a fea-

H

ture exclusively attributed to members of FAJAV-C (Marek et al.,
Vet. Microbiol. 156 (2012), 411-417).
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Characterization of the knob as receptor-binding domain has

established the fiber molecule as a critical factor associated

H

with 1nfection properties of adenoviruses, such as alterations

1n tissue tropism and virulence. However, many questions are

st1ll open 1n regard to the individual

tion with host cell receptors.

I

functionality of the dual

H

fibers present in FAdVs, particularly 1n the context of 1nterac-

As major surface-exposed capsid structures, fiber and hexon

’

are key mediators of antigenicity 1n adenoviruses and carriers

has also been shown that hexon- and

H

of a panoply of epitopes of subgroup- and type-specificity. It

fiber-specific antibodies

account for most of the neutralizing activity 1n mammalian hu-

moral response agalnst adenovirus.

H i

demonstrated di

bodies raised against recombinant hexon and fiber proteins of
DSV (DAdV-A = DAdV-1)).

]

the egg-drop syndrome virus (!

Recently, 1n vitro trials

i

"erent degrees of neutralizing capacity of anti-

ﬁ

Owing to theilr antigenic properties, adenovirus capsid

structures have been proposed as potential candidates for the

H

design of epitope-based vaccines.

Strategles to combat HHS have concentrated on the prevention

H

of 1nfection and on the provision o:

attenuated fowl adenovirus

vaccines (WO 03/039593) or 1nactivated wvaccines from infected

liver homogenates (Anjum et al. 1990)

Or grown up V1rus oOon pri-

mary cells (Alvarado et al. 2007). Due to the ubiguitous occur-

F

rence of FAdVs, however, applying such conventional vaccines and

H

verification of effectiveness of the wvaccination 1s of limited

~—

use due to the lack of discrimination between wvaccination and

infection.. A subunit vaccine against HHS based on the penton

base (expressed 1n E. coli) was recen

cly suggested (Shah et al.,

(Vaccine 30 (2012),; 7153-7150)); however 1t 1s usually difficult

F

to detect antibodies as an 1ndicator of successful 1mmunization

i i

because of the omnipresence of other
US 2011/165224 Al discloses 1iso:

1c serotypes for 1nducing protective

tions contain whole (live or killed)

fowl adenoviruses.

- -
—

ated FAAV stralins of specif-

1immunity. These composi-

viruses, no subunit wvac-

cines or 1solated FAdV proteins. Gri:

fin et al. (J. Gen. Virol.

92 (2011); 1260-1272) disclose coding potential and transcript
analysis of FAAV-4. It 1s speculated that FAAV-4 fiber 2 (short

fiber) which 1s “predicted to be protein-coding” (but not shown

to be expressed) might bind a receptor and determine the tissue
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H

tropism of FAdAV-4, “perhaps leading to the unique clinical fea-

H

tures associlated with 1nfection of virulent FadV-4”. The authors

correctly point out that both, avian FAdV-1 and the human enter-
1c serotypes HAdV-40 and HAdAV-41 (=HADV-F), contain two fiber

H

"erences: Whereas 1n

genes. However, there are significant d:

FAAV-1, as 1n all fowl AdVs, always two filbers per penton base

are assembled together, there 1s only one fiber 1n the HAdV-Fs.

H

Moreover, different qgquantities of both fibers are assembled 1into

the HAdJV-F wvirion although expression 1s the same on mRNA level
(Song et al., Virology 432 (2012), 336-342). This shows that

H

"erent functions 1n the assembled wvirion

both fibers have di

(this has been verified 1n receptor studies). Moreover, Tan et
al. (J. Gen. Virol. 82 (2001), 14¢5-1472) have shown that fiber

2 1s 1nvolved 1n virus assembly and 1n the interaction with an

unknown cellular receptor. Since FAdAV-1 comprises - 1n contrast

H

to all other FAdVs - two fibers of completely di

H

"erent lengths,

such results cannot be transferred to other serotypes.
Marek et al. (Vet. Microbiol. 156 (2012); 411-417) discloses

ﬁ

the fact that two fiber genes of nearly equal length are present

1n FAAV-C whereas other serotypes have only one fiber gene. Alt-

H

fibers of FAdV play an 1mportant

W\

hough 1t 1s mentioned that

—

role 1n 1infectivity and pathogenicity of FAAV” (demonstrated 1in

1996!), this statement was i1dentified by Marek et al. as “purely

speculative” as far as FAAV-C 1s concerned. Furthermore, the

likelihood that fiber proteins are 1nvolved 1n 1infectivity and

pathogenicity does not automatically 1mplicate the successful

application of recombinant proteins as a vacclne.
Fingerut et al. (Vaccine 21 (2003); 276l1l-270606) disclose a

subunit wvacciline against the adenovirus egg-drop syndrome using

H

part of 1ts fiber protein.

~ —

It 1s an object of the present 1nvention to provide a safe

H I

‘1client prevention of HHS 1n birds,

and specific wvaccine for e

especilally 1n poultry. The wvaccine should be easy and cost-

H

effective to produce and be suitable for administration on an

1ndustrial basis. Successful immunization with the wvaccine

should be easily detectable and confirmable.

Therefore, the present 1nvention discloses a wvaccilne com-

H

prising a Ifiber 2 protein of Fowl Adenovirus C (FAAV-C) or an

F

1immunogenic fragment thereo for use 1n preventing hepatitis-

hydropericardium syndrome (HHS) 1n birds, preferably in poultry,
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especlally 1n broilers.

The present i1invention provides the teaching that the fiber-2

H

protein of FAAV-C 1s an e

F

"ective subunit wvaccine that protects

birds, especially chicken, completely from HHS. This finding was

H

remarkable because fiber-1 protein of FAAV-C as well as hexon-

derived subunit wvaccines (hexon loop 1) did not show a protec-

HH

tive e

ect. It 1s evident that the present vaccines with 1s0-

lated subunits, 1.e. 1solated single proteins or protein frag-

FF
p—

fer from vaccines that are based on live,

ments, essentially di:

attenuated or killed (whole) wviruses. Accordingly, the present

H

invention provides a completely novel and - 1n view o0of the

teachings present 1n the present field for fiber and hexon-

F

derived proteins 1in FAdVs - surprisingly effective strategy for

vacclinating birds to manage prevention of HHS, IBH and GE.

For the present invention, any fiber-2 protein of FAdJV-C can

H

be used. In the examples of the present invention, fiber-2 pro-

tein from reference strain KR5S was used as reference (UniProt

’

entry H8WOW9),; however, also other fiber-2 protein sequences of

FAAV-C can be used, e.g. from reference strains ONl (GU188428 =
NC 015323) or CFA2Z0 (AF1l60185) or any other FAdV-C field 1so-
lates, e.g. 1solates IV37, K99-97, K388-95, K88-95, K31, Perubd3,
Perub4, c¢344, K1013, AG234, C2B, 09-584, 09-88406, 09-20602, 922-
1, Dao0, Kl1013QT and INT4 (as disclosed by Marek et al., Vet.
Microbiol. 156 (2012), 411-417); corresponding to UniProt en-
tries HB8WGo6b5, HB8WG69, HB8WG/72, H8B8WG77, H8WG70, HBWG/3, HBWGO6O,
H8WG76, H8WG60, HB8WGol, H8WGo62, HB8WG75, H8B8WGo7, HBWG78, HB8WGO63,
HSWGo8, H8WGo4d4, HSWG/4, HSWG/1l, HSWQZ/, HSWQZZ, HSWOWY, O0GH/SJ,
055281, and F2VJI5.

W\

The term “fiber-2 protein” 1s accepted 1n the present field

H F
p—

of technology. All fiber proteins, especially the sub-group of

fiber-2 proteins are unified by a characteristic amino acid se-

quence resulting 1n a characteristic structure with specific and

conserved amino acid motifs.

H

Instead of using the whole fiber-2 protein of FAAV-C, only

H

immunogenic fragments of fiber-2 protein can be used as vaccines

according to the present invention. Immunogenic fragments can be

F

any polypeptide from a fiber-2 protein of a naturally occurring

H

FAAV-C 1solate with a minimum length of 7 amino acid residues,

H

preferably with a minimum length of 8 amino acid residues, espe-

’

cially with a minimum length of 9 amino acid residues. These
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H

minimum lengths provide sufficient MHC binding. Suitable motifs

can be verified experimentally or via computer prediction (see
e.g. Wallny et al., PNAS 103(2000), 1434-1439 ,; Huo et al., PLOS
ONE 7 (2012): 39344, do1:10.1371). Preferred lengths of the 1im-

munogenic fragments are therefore 7 to 100 amino acids, prefera-

bly 8 to 50 amino acids, more preferred 8 to 20 amino acids, es-

pecilially 8 to 1o amino acids. For example, the immunogenic frag-

ments according to the present 1nvention may contaln octapep-

—

ti1des or nonapeptides based on the peptide-binding motifs of

chicken MHC class I molecules belonging to the B4, Bl2, Bl5, and
B19 haplotypes (Wallny et al., 2006; Huo et al., 2012). The mo-

T

ti1fs were as follows: B4: x-(D or E)-x-x-(D or E)-x-x-E; Bl2: x-

X—-X-X—-(V or I)-x-x-V and x-x-x-x-(V or 1I)-x-x-x(V); Blb: (K or

R)-R-x-x-xXx-xXx-x-Y and (K o0or )-R-X—-X-X-xxXx-x-Y; BlY9: X-R-X—-X—-X—-X—-X-
(Y, P, L, F) and x-R-x—x-x-x-x-x-(Y, P, L, F).

The fiber-2 protein has a tail domain (amino acid 1 to ©65),

a shaft domain (amino acid 66 to 276) and a head domain (amino

acid 277 to 479; all amino acid sequence numbers 1n this general

H

specification are based on the fiber-2 protein of the KRL refer-
ence strailn (UniProt HBWQOWY9,; Marek et al., 2012)). Preferred 1im-

H

munogenic Ifragments of the present 1nvention contain the follow-

1ng motifs (based on amino acid numbering according to fiber-2
of KRS): 400 to 450, preferably 410 to 440, more preferred 420-
440,; 70 to 95, preferably 75 to 93, especially 75 to 90; 20 to
10, preferably 25 to 65, especially 45 to o065 and 25 to 47; 200
to 225, 265 to 290, 350 to 385, 460 to 480, 1l to 190, 320 to
350 and 290 to 320.

H

Examples of 1mmunogenic fragments are fragments comprising

H

one or more of the following amino acid sequences of fiber-2

H

protein (agaln according to the amino acid sequence of fiber-27

—

of KR5 and corresponding to the alignment in Fig. 5):

Most preferred: 424 to 438 253 to 207 20 to 40

23 to 37 421 to 435 425 to 439 403 to 417
24 to 38 422 to 430 254 to 208 404 to 418
22 to 30 423 to 437 78 to 92 405 to 419
25 to 39 424 to 438 424 to 438 400 to 420
21 to 39 425 to 439 424 to 438 407 to 421
424 to 438 420 to 440 79 to 93 408 to 422
254 to 208 42°7 to 441 777 to 91 409 to 423

423 to 437 423 to 437 423 to 437 09 to 83
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319 to 333
440 to 454

The vaccine according to the present 1nvention preferably
contains a fiber-2 protein of FAAV-C, selected from the sequenc-
es UniProt entries HB8WGob, HB8WGo09, H8WG/72, HB8WG/77, HBWGT/O0,
H8WG/3, HB8WGobob, HB8WG/6, H8B8WG60, HBWG61l, HBWGo2, HBWG/5, HBWGo6/,
H8WG78, H8B8WGo3, HB8WG68, HB8WGo64, HBWG/74, HBWG/71, HBWQZ/7, H8WQZZ,
HSBWQOWS9, OQOGH/8, 055281, and F2VJI5, as well as the protein se-

quences provided 1n Fig. 5 and Table 3, especially HSWOW9, or

H

1mmunogenic fragments thereof; or 1mmunogenic sequences with at

least 80, preferably at least 90, especially at least 95% amino

—

acld 1dentity, or 1Immunogenic Ifragments thereof (based on align-

ment with the Clustal Omega program; 1dentity 1s calculated by

H

the ratio of 1dentical amino acids divided by the total number

of amino acids (of the shorter sequence, 1f sequences are not of

Q

the same length), times 100 (for %)). For example, amino acid

residues on position (based on the KRS sequence HSBWQOW9) 29, 31,
30, 91, 93, 114, 115, 213, 219, 232, 235, 2179, 291, 294, 295,
299, 300, 302 to 307, 319, 324, 329, 343, 338, 343 to 346, 372,
378, 380, 391, 393, 400, 403, 405, 406, 411, 413, 421, 427, 433,
435, 439, 453, 459, 476, or 478 can be changed (as evidenced by
the 1solates of UniProt sequences HBWGo6D, H8WG69, HBWG/2,
H8WG/77, H8B8WG/70, H8B8WG/3, HB8WGob, HBWG/6, HBWG60, HBWG6l, H8B8WGo6Z,
H8WG/75, H8B8WGo6/, H8B8WG/8, HB8WG63, HBWGo8, HB8WGo4d4, HBWG/74, HBWGT/1,
H8WQZ'/, H8WQZZ, HBWQWY, OQO0GH7/78, 055281, and F2VJI5); or deletion
of sequences, such as at the N-terminus (e.g. up to position
21), 123 to 139, 250 to 272, 304, or at the C-terminus, e.g. po-

sitions 404 to 479 (as also evidenced by the above UniProt se-

quences; alignments made by the UniProt alignment software

(Clustal Omega program)). Further naturally occurring amino acid

variations, deletions and 1nsertions are exemplified 1n Fig. 5

and derivable from the sequences 1n Table 3.

Preferably, the wvaccine according to the present 1nvention

further comprises an adjuvant, preferably selected from the

’

group consisting of Freund’s complete adjuvant, Freund’s 1ncom-

plete adjuvant, aluminum hydroxide, Bordetella pertussis, sapo-
nin, muramyl dipeptide, ethylene vinyl acetate copolymer, o01l, a
vegetable 01l or a mineral o01i1l, 1n particular peanut o1l or sil-

—

1cone 01l, and combinations thereof.
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Adjuvants are substances that enhance the i1mmune response to
immunogens. Adjuvants, can 1nclude aluminum hydroxide and alumi-
num phosphate, saponins e.g., OQuil A, water-i1n-oil emulsion,

oll-1n-water emulsion, water-in-oil-in-water emulsion. The emul-

H
p—

fin o1l

sion can be based 1n particular on light ligquid para:

(European Pharmacopea type); 1soprenoid o1l such as squalane or

H

squalene; 01l resulting from the oligomerization of alkenes, 1in

particular of 1sobutene or decene; esters of acids or of alco-

hols containing a linear alkyl group, more particularly plant

oils, ethyl ©oleate, ©propylene glycol di(capryvlate/caprate),

glyceryl tri(caprylate/caprate) or propylene glycol dioleate;

H

esters of branched fatty acids or alcohols, 1n particular 1sos-

tearic acid esters. The 01l 1s used 1n combination with emulsi-

fiers to form the emulsion. The emulsifiers are preferably

H H

nonionic surfactants, 1n particular esters of sorbitan, of

F H

mannide (e.g. anhydromannitol oleate), of glvycerol, of polyglyc-

H H

erol, of propylene glycol and of oleic, 1sostearic, ricinoleic

or hvydroxystearic acid, which are optionally ethoxvlated, and
polvoxypropyvlene-polyvoxyethylene copolymer blocks, 1n particular
the Pluronic(R) products, especially L121. For example the adju-

vant-containing vaccine 1s prepared 1n the following way: 50 to

—

90 v/v of agueous phase comprising the immunogen are emulsified

I H

in 1 to 10% w/v of anhydromannitol oleate, 1 to 10% w/v of oleic
acid ethoxvlated with 11 EO (ethvylene oxide) and 5 to 40% v/v of

F

light ligquid paraffin o1l (European Pharmacopea type) with the

ﬁ

ald of an emulsifying turbomixer. An alternative method for pre-

paring the emulsion consists 1n emulsifyving, by passages through

H

a high-pressure homogenizer, a mixture of 1 to 10% w/v sgualane,

H H

1 to 10% w/v Pluronic(R) L121, 0.05 to 1% w/v of an ester of

H

oleic acid and of anhvydrosorbitol ethoxvyvlated with 20 EO, 50 to

—

95% v/v of the agueous phase comprising the immunogen. It 1s al-

so possible to formulate with synthetic polymers (e.g., homo-

H

and copolymers of lactic and glycolic acid, which have been used

to produce microspheres that encapsulate i1mmunogens, e€.9., bio-

ﬁ

degradable microspheres). A further instance of an adjuvant 1s a

H

compound chosen from the polymers of acrylic or methacryvlic acid

H

and the copolymers of maleic anhydride and alkenyl derivative.

H

Advantageous adjuvant compounds are the polymers of acrylic or

methacryvlic acid which are cross-linked, especially with poly-

—

alkenyl ethers of sugars or polvalcohols. These compounds are
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known by the term carbomer, e.g. acrylic polymers cross-linked

with a polvhyvdroxylated compound having at least 3 hydroxvyl

F

groups, preferably not more than 8, the hydrogen atoms of at

least three hvdroxvls being replaced by unsaturated aliphatic

radicals having at least 2 carbon atoms. The preferred radicals

are those containing from 2 to 4 carbon atoms, e.g. vinvls, al-
lvls and other ethvylenically unsaturated groups. The unsaturated
radicals may themselves contain other substituents, such as me-
thyl. The products sold under the name Carbopol (R) (BF Goodrich,

Ohio, USA) are particularly appropriate. They are cross-linked

with an allyl sucrose or with allyl pentaerythritol. Among then,
there may be mentioned Carbopol (R) 974P, 934P and 971P. Among

’

the copolymers of maleic anhvydride and alkenyl derivative, the

H

copolymers EMA(R) (Monsanto) which are copolymers of maleic an-

hydride and ethylene, linear or cross-linked, for example cross-

H

linked with divinyl ether, are preferred. The dissolution of

these polymers 1n water leads to an acid solution that will be

neutralized, preferably to physiological pH, 1in order to give

the adjuvant solution i1into which the Immunogenic, 1mmunological

H

or vaccine composition itself will be incorporated. The carboxyl

H

groups o0of the polymer are then partly in COO form.

’

Preferably, a solution of adjuvant according to the 1inven-

tion, 1s prepared 1n distilled water, preferably 1n the presence

H

of sodium chloride, the solution obtalined being at acidic pH.

This stock solution 1s diluted by adding 1t to the desired qgquan-

tity (for obtaining the desired final concentration), or a sub-

i H

of water charged with NaCl, preferably

stantial part thereo:

physiological saline (NaCl 9 g/l1l) all at once 1in several por-

ci1ons with concomitant or subsequent neutralization (pH 7.3 to

71.4), preferably with NaOH. This solution at physiological pH

will be used as 1t 1s for mixing with the wvaccine, which may be

especilally stored 1n freeze-dried, liguid or frozen form. From

this disclosure and the knowledge 1n the art, the skilled arti-

H

san can select a suitable adjuvant, 1f desired, and the amount

H

thereof to employ 1n an 1mmunological, i1mmunogenic oOr vaccline

composition according to the 1nvention, without undue experimen-
tation.

Accordingly, the vaccine according to the present 1nvention

preferably comprises a pharmaceutically acceptable diluent

—

and/or carrier, preferably selected from the group consisting of
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water-for-injection, physiological saline, tissue culture medi-
um, propylene glycol, polyethylene glyvcol, vegetable oi1ls, espe-
clially olive o01l, and 1njectable organic esters such as ethyl

Oleate.

H

The Fiber 2 protein of FAdJV-C can be produced by any suita-

H

ected 1n a

ble expression system. Preferably, production 1s e

eukarvotic expression system. Specifically preferred expression

systems are a baculovirus expression system, an E. coli expres-
sion system, or a Pichia pastoris expression system. However,
virtually any suiltable expression system or vector can be used

H

1n the production of the wvaccine provided by this 1nvention. By

H

way of 1llustration, said suitable expression or vector systems

F

can be selected, according to the conditions and needs of each

specific case, from plasmids, bacmids, veast artificial chromo-

somes (YACs), bacteria artificial chromosomes (BACs), bacterio-

phage Pl-based artificial chromosomes (PACs), cosmids, Or virus-

es, which can further have a heterologous replication origin,

H

for example, bacterial or of vyeast, so that 1t may be amplified

1n bacteria or vyeasts, as well as a marker usable for selecting

H

the transfected cells different from the gene or genes of 1nter-

est. These expression systems or vectors can be obtailned by con-

ventional methods known by persons skilled in the art.

The vaccines according to the present i1nvention can be pro-

duced 1n 1industrial amounts; the 1ndividual wvaccine dose given

to the animals can be 1n the ranges also applied for other wvac-

H

cines. Preferably, the fiber-2 protein of FAAV-C or an 1immuno-

i

genic fragment thereof 1s contained i1in the vaccine 1n an amount

H H

of 0.1 pg/ml to 10 mg/ml, preferably of 1 pg/ml to 1 mg/ml, es-

H

pecially of 10 to 100 ug/ml.

In a preferred form, the vaccine according to the present

—

invention consists of

i

— "1ber-2 protein of FAAV-C or an 1mmunogenic fragment there-

of, preferably in an amount of 0.1 pg to 10 mg, preferably of 1

H

ng to 1 mg, especially of 10 to 100 npg; and

= a pharmaceutically acceptable carrier and/or diluent and/or

adjuvant.

The wvaccine according to the present i1nvention preferably

H

comprises a pharmaceutically acceptable wvehicle, especially if

provided as commercially sold wvaccine product. The suitable ve-

’

hicles may be both agueous and non-agueous. Examples of non-
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s are propylene glycol, polyethvlene glycol, veg-

etable o0i1ls such as olive o01l, and 1njectable organic esters

such as ethvyl oleate.

’

With the present i1invention, an efficient method for prevent-

1ng HHS 1n birds 1s provided. Accordingly, the present invention

relates to ano

birds, preferab

prising admini

munogenic fragment thereo

HH

ther aspect to a method for preventing HHS 1n

lvy 1n poultry, especially 1n parent flocks, com-

stering to poultry, especially to the parent

flock, a vaccine containing fiber-2 protein of FAAV-C or an 1im-

F

The wvaccine 1s administered to the

birds 1n an e

ective amount at a sultable point 1in time. Typi-

F

cal ways of administration are 1ntravenous, subcutaneous, 1ntra-

muscular, oral,
bly, wvaccinatio

clally 1n week

A specific

H

cilnation of the parent flock provides su:

in ovo oOor 1ntracloacal administration. Prefera-

n 1n chicken 1s effected 1in week 17 to 19, espe-
18 of life.

advantage of the present 1invention 1s that wvac-

F

ficient protection for

H

the progeny, especially to broilers, to safeguard sufficient

protection e.qg.

up to at least 30, preferably at least 40, espe-

H

cially at least 60 days, to the progeny of vaccinated animals.

—

sufficient prot

ent animals. Accordingly, protection of broilers 1s e:

It 1s therefore advantageous that the present 1nvention provides

— o~

ection of the broilers by vaccination of the par-

I H
p—

fected by

H

immunization of the parental animal 1n poultry, especially 1n

chicken.

According

to another aspect, the present invention also pro-

H

vides a kit comprising a fiber-2 protein of FAAV-C or an 1immuno-

genic fragment

H

thereof 1mmobilised on a solid surface. Prefera-

H

bly, the kit 1s a serological kit for detection of anti-fiber-2

antibodies (wit

H

hin the meaning of the present 1nvention) 1n sam-

— fr— |
p—

ples, especially blood samples of animals. This kit 1s specifi-

cally suitable

1n the wvaccina

for the present 1nvention to detect the success-

ful wvaccination by determining specific anti-fiber-2 antibodies

H

ted animals. In the course of establishing the

F

present 1nvention 1t was found that specific detection of anti-

fiber-2 antibodies 1n the vaccilnated animals 1s di:

I

ficult or

even 1mpossible by commercially available FAAV-test kits, espe-

cially FAdV-EL

(SNTs) . It wa

specific tests

' SAs, or by usual serum neutralization tests

s Observed that only detection with fiber-2-
(e.g. Fib-2 ELISAs and the 1like) was possible.
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ficity and the non—-neutralizing capac-

1ty of the antibodies elicited by the wvaccination according to

the present
ble)), su:

’

ficient protection

cording to the present i1nvention.

invention. Nevertheless ((and even more remarka-

1s provided with the wvaccine ac-

This shows that there was also a need to provide a specific

test and test system to establish whether protection 1s given

(by the determining the presence of spec]

cessful wvaccination.

vides a means

viruses.

fibre-2 protein of

fiber-2 protein of

i

H

for detecting in:

H

fic antibodies against

FAAV-C) . This could be provided by the kit
according to the present 1nvention that
commercilially available FAdV-ELISAs and SNTs

—

1n contrast to the

(that might produce

false negative results) - successfully and reliably confirm suc-

The kit of the present 1nvention also pro-

FAAV-C 1s very specific

"ection with FAdV wviruses, because

for the 1ndividual

Moreover, the kit according to the present 1nvention 1S

also suitable for

determining whether antibody protection 1s

i

st1ll present 1n progeny of vaccinated animals or whether an ac-

tive 1mmunization O:

Preferably,

ther comprises means

to the 1mmobilised

lmmunogenic

cific for bird antibodies,

body or an anti-turkey

tection
proteln

sultable

sultable

(capturing)

protein and an antibody

(secondarvy)

H

the progeny 1s i1ndicated.

F

F

H

H

the kit according to the present invention fur-

H

for detection of the binding of an antibody

fiber-2 protein of FAAV-C or the i1mmobilised

fragment thereof, preferably an antibody beling spe-

especilally an anti-chicken IgG anti-

IgG antibody. Of course, any sultable de-

means for the binding event between fiber-2

antibody fragments that
CO

the anti-fiber-2 antibodies antibodies

(blood)

ferred.

It 1s spec]

F

sample of

"1cally pre:

from the wvaccinated bird 1is

for the present kit; however, (secondary) antibodies or

are able to bind to

be detected 1n a

the vaccinated bird are specifically pre-

‘erable to provide a solid phase test

kit with a labelled agent that detects the binding event to the

immobilised fiber-2

the binding event,

the anti-turkey IgG

labelled

fragment)

antibody.

protein. Accordingly,

detection agent for

especlally the anti-chicken IgG antibody or

antibody, 1s a labelled agent, especially a

For example, the agent (antibody/antibody

1s labelled with a colourigenic,

cent or radioactive label.

fluorescent, lumines-
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Suiltable labels are therefore e.g. fluorescent compounds,
1sotopic compounds, chemilluminescent compounds, guantum dot la-

bels, biotin, enzymes, electron-dense reagents, and haptens or

proteins for which antisera or monoclonal antibodies are availla-

i

ble. The wvarious means of detection i1nclude but are not limited

to spectroscopic, photochemical, radiochemical, biochemical, 1m-

munochemical, or chemical means.

F

The label may be of a chemical, peptide or nucleic acid mol-

ecule nature although 1t 1s not so limited. Other detectable la-

: : : : 39 :
bels 1nclude radiocactive 1sotopes such as P, lumlnescent mark-

ers such as fluorochromes, optical or electron density markers,
etc., or epltope tags such as the FLAG epitope or the HA
epltope, biotin, avidin, and enzyme tags such as horseradish pe-

roxidase, p-galactosidase, etc. The label may be bound to a pep-

H

erent

tide during or following 1ts synthesis. There are many di

H H

labels and methods of labeling known to those of ordinary skill

H H

1n the art. Examples of the types of labels that can be used 1in

the present 1nvention 1include enzymes, radioisotopes, fluores-

cent compounds, c¢olloidal metals, chemiluminescent compounds,

H

and bioluminescent compounds. Those of ordinary skill 1n the art

F

will know of other suitable 1labels for the agents (antibod-

ies/antibody fragments) described herein, or will be able to as-

certailin such, using routine experimentation. Furthermore, the

H H

coupling or conjugation of these labels to the peptides of the

invention can be performed using standard techniques common toO

H

those of ordinary skill in the art.

The 1nvention 1s further 1llustrated by the following exam-

ples and figures, yet without being restricted thereto.

H H

Fig. 1. Survival rates of birds of group I (Fib-1 wvaccinat-

ed), group (Fi1b-2 wvaccilinated) and group (Hex L1 wvaccinat-

ed), together with groups IV (positive control) and V (negative

control), after i1nfection with virulent FAJAV strain AG2Z234.

Fig. 2. Pathologic lesions as manifested by focal necroses

1n the liver and pericardial sac filled with straw-coloured flu-

1d 1n a bird from the positive control group IV that died 3 days
post challenge (d.p.c.).

F

Fig. 3. Results of antibody investigation as detected by (a)

commercial FAAV Group-1 ELISA (results 1ndicated as Sample to

ﬁ H

Positive (S/P) ratio of the mean OD wvalue of maximum ten tested

’

sera from each group, starting measurements on day 21 (before
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challenge), (b) Serum neutralization test (SNT) (results 1ndi-

H

cated as log, transformed mean titers of maximum ten tested sera

from each group, starting measurements on day 21; titres =< 3

were considered negative), and (c¢) custom-made ELISA using re-

comblnant Fib-2 protein (results 1ndicated as mean OD wvalues

H

measured from sera of all Fib-2 vaccinated birds as well as pos-

1tive and negative control birds, starting on day 7).

F

Fig. 4. Immunoblots of purified recombinant KRS protelins in-

I

cubated with chicken sera collected on 21st day of life (preab-
sorbed with 1nsect cell powder, diluted 1:2000). A, lanes 1, Z

and 3 purified Fib-1 1ncubated with sera from Fib-1 wvaccinated

birds. B, lanes 1, 2 and 3 purified Fib-2 1incubated with sera

from Fib-2 vaccinated birds. C, lanes 1, 2 and 3 purified Hex Ll

incubated with sera from Hex L1 wvaccilinated birds. D, lane 1 pu-

rified Hex L1, lane 2 purified Fib-1, lane 3 purified Fib-2, 1in-

H

cubated with serum from a bird of the positive control group

(vaccinated with purified, non-infected 1nsect cell material).

FE, lane 1 purified Hex L1, lane 2 purified Fib-1, lane 3 puri-

ﬁ

fied Fib-2, 1ncubated with serum from a bird of the negative

control group (non-vaccinated). Proteins are detected by serum

antibodies as bands migrated to estimated molecular weight sizes
of 51 kDa (Fib-1), 56 kDa (Fib-2) and 306 kDa (Hex L1).

H

Fig. 5. Alignment of fiber proteins according to the present
invention (Fib-2 of FAJV-C).

Examples

H

In the examples of the present invention, fiber-1, fiber-2

H H

and the loop-1 region of hexon of an FAAV-C reference strain

(KR5), were recomblnantly expressed 1n the baculovirus system.

H

In a vaccilnation trial, the efficacy of these capsid components

to 1nduce protective i1mmunity 1n chickens was assessed by chal-

lenging birds with virulent FAdV. Hence, this 1s the first study

H

of 1ts kind to employ both fiber proteins 1ndividually 1in an 1in

vivo experiment with the aim to further elucidate the functional

H

significance of the i1nvestigated FAJV capsid proteins 1n the in-

fection process and to address their potential use as candidate

H

subunilit vaccines for the control of HHS.
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1. Materials and methods
1.1. Virus propagation and DNA extraction
FAAV-C (= FAdV-4) reference strain KR5S and the challenge vi-

rus AG234 were propagated on primary chicken-embryvo liver (CEL)

cells according to a protocol described by Schat and Sellers, A

H

Laboratory Manual for the Isolation and Identification of Avian

Pathogens, (2008), 195-203). Viral titer was determined according
to the method of Reed and Muench (Am. J. Hvyg. 27 (1938), 493-

497) by endpoint titration. DNA extraction from cell culture su-

pernatant was carried out with the DNeasy Blood & Tissue Kit

(Qiagen, Hilden, Germany).

1.2. Cloning and 1nitial protein expression

H

Primers were designed on the basis of the complete genomic

KRS sequence (GenBank accession number HEo608152) and contained

5 -terminal restriction sites for cloning 1nto the pFastBac

transfer vector (Invitrogen, Vienna, Austria) (Table 1). The en-

tire encoding regions for fiber-1 and fiber-2 (nucleotides 30438
to 31739 and 31723 to 33162, respectively) and the hexon loop-1

region (nucleotides 20481 to 21366) were amplified Zfrom the

FAAV-C reference strain KRS using a proofreading DNA polymerase

(Invitrogen, Vienna, Austria). Following 1intermediate cloning

into the pCR4Blunt-TOPO wvector (Invitrogen) and digestion with
BamHI/Stul (Fib-1), Stul/XbalI (Fib-2) and NcoI/XhoI (Hex L1)

fragments were ligatedinto the cleaved pFastBac vector at the

respective restriction sites. After determining the correct 1in-

H

sertion of each product 1nto pFastBac by seqgquencing, the con-

struct was transformed 1i1nto competent E. coli DH10Bac cells

(Invitrogen, Vienna, Austria). Recombinant Dbaculovirus DNA was

1solated from transformed colonies using the S.N.A.P. Miniprep

~—

Kit (Invitrogen, Vienna, Austria). The genes of 1nterest were

expressed 1n Spodoptera frugiperda Sf9 cells (Invitrogen, Vien-

na, Austria) as His-tag fusion proteins according to the manu-

facturer’ s protocol.

1.3. Identification of recombinant proteins

H

To verify expression of the recombinant proteins and to op-

L]

timize the expression conditions, SDS-PAGE was performed on the

H

soluble and membrane-bound fractions of the cell 1lysate, col-

F

lected from 1infected Sf9 monolayer cultures at different time
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intervals (24, 48, 72, 96 h) post-infection. Recombinant pro-

teins were 1dentified by immunoblot using anti polyvhistidine an-

tibody (Sigma-Aldrich, Vienna, Austria). Non-infected Sf9 cells

were processed 1n the same way to serve as negative control.

1.4. Expression and purification of recombinant proteins

For expression, Sf9 suspension cultures (50 ml) were 1nfect-

ed with amplified recombinant baculovirus at an MOI of 3. Cul-

tures collected after 72 h 1inoculation 1n a shaking incubator

were concentrated by centrifugation for 5 min at 3500 rpm. The

resulting cell pellet was disrupted by resuspension 1n 1lysis

buffer (containing 20 mM sodium phosphate, 0,5 M NaCl, 20-40 mM

imidazole, 0.2 mg/ml lysozyme, 20 pg/ml DNAse, 1 mM MgCl,, 1 mM

PMSEF and proteinase 1nhibitors) and sonication, with subsequent

incubation on 1ce for 1 h. Clarified supernatants obtained by

H

centrifugation of the crude cell lysates at 14000 rpm for 20 min

H

at 4°C were used for purification on affinity chromatography

4

columns (His GraviTrap, GE Healthcare, Freiburg, Germany). Hexon

L1 protein presented as 1nsoluble material 1n the pellet frac-

H

tion was solubilised with phosphate buffer containing 8 M urea.

The 0.45 um-filtered sample was loaded on columns equilibrated

—

with phosphate buffer containing 8 M urea, and the protein was

eluted after step-washing the columns with decreasing concentra-

H

tions of urea. Samples from each purification fraction were sub-

H H

sequently analyzed for presence of the proteins of 1nterest by
oDS—-PAG!

Prior to 1in vivo administration, the recombinant proteins

L]

and 1mmunoblotting.

were transferred 1nto sterile PBS (Gibco/Invitrogen, Vienna,

H

Austria) by buffer exchange 1n Slide-A-Lyzer 7K Dialysis Cas-

settes (Thermo Scientific, Vienna, Austria). Protein Hex L1 was

additionally processed through Amicon Ultra-15 size exclusion

spin columns (Millipore, Vienna, Austria) to remove eluted 1in-

sect cell proteins and to concentrate the target protein.

Protein concentrations were determined by Bradford assay (Thermo

Sclentific, Vienna, Austria).

1.5. Animal experiment
A total of 112 SPF (specific pathogen-free) chickens (VALO,

Lohmann Tierzucht GmbH, Cuxhaven, Germany) were divided 1into

five groups that were housed separately 1n 1solator units (Mon-



WO 2015/024932

talr Andersen

each animal, containing 50 pg of

group I (n = 20)

receiving fiber-2

loop-1 (Hex L1

H

bv, HM 1500,

of life, a 500 pl 1njection was administered 1ntramuscularly to

recelving
(F1b-2)

Heidelberqg,
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F

and group
), mixed 1:1 with GG
Biotechnik GmbH,

cevenum,
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fiber-1
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Netherlands). At first day

e recombinant protein, with
(Fi1b-1), group (n = 28)
(n = 26) receiving hexon

R
—'
- .

L]

RU Adjuvant LQO #3000 (GERBU

Germany,; a sterile agueous suspen-

sion of lipid particles with excilpients and emulsifiers).

serve as a posi

Fqually, birds o

H

group
fied and dialysed material

c1ve Ccon

crol.

IV (n
from non-infected 1nsect cells to
Birds

23) were 1njected with puri-

H

of group V (n = 9) were

F

treated as a negative control and received an 1njection of 500
nl sterile PRS.

At day 21

tive dose (TCI

H

i

Upon challenge,
signs. Necropsy was per:
be euthanized 1n the course o:

lar 1ntervals 1ncluded blood

28, 35 and 47/

(collected on

of life,

350) /ml O

) for detection of
28 and 395)
testine (taken on day 42)

days 21,

regular 1ntervals.

of sterile PBS i1ntramuscularly.

animals o:

H

H

H

cularly challenged with 200 npl of
the virulent FAdAdV-C virus AGZ234. Birds

of the negative control group were administered the same amount

groups I to IV were i1ntramus-

10" 50% tissue culture infec-

the birds were monitored daily for clinical

~ormed on all animals that died or had to

the study. Samples taken at regu-
(collected on days 7, 11, 14, 21,

i

antibodies and cloacal swabs

or tissue from the large 1n-

H

for detection of wvirus excretion at

i

All remalining birds were killed at the termination of the

experiment on day 42 of

The trial and all o:

H

che 1ncluded procedures on experimental

birds were discussed and approved by the 1nstitutional ethics

committee and licensed by the Austrian government (license num-

ber BMWEF-68.205/0196-

1.6. Antibody response

/3b/2012) .

Commercial FAAV enzyme-linked immunosorbent assay (ELISA)

Commercially available FAAV Group 1 Antibody Test Kit was

obtained from

H

els 1n sera oO:

(days 28, 35 and 42).

- each group be:

BioChek (Reeuwijk,

“ore

Holland) to test antibody lev-

(day 21) and after challenge
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Serum neutralization test (SNT)

Test sera were 1nactivated at 56°C for 30 min.

were prepared

F

CEL cells

from l4-day-old chicken embryos and plated i1in 96-

well plates (Sarstedt, Wiener Neudorf, Austria) with a density

of 1 x 10° cells/ml.

stant virus diluted serum method using 100 TCI

The assay was per:

plates were inoculated at 37°C in 5% CO, and investigated

after 5

davys.

After predetermining optimal virus-

and serum-dilu

"ormed according to a con-
Dsg/100 pl KR5. The
for CP.

L]

c1ons by

checker-board titrations, 9o-well ELISA plates (Nunc Medisorb,

Roskilde, Denmark) were coated with 100 pl recombinant af

purified Fib-2 protein per

(0.015 M Na,COs3,

of 0.05

test sera,

lowing a washing step,

~—

finity-

HH

well, diluted 1n coating buffer

0.035 M NaHCO3;, pH 8.4) to a final concentration

H

ng/ml. After 24 h, plates were washed and 100 pl of the

ern Biotechnology, Birmingham

PBS, Thermo Scientific), were added to each well

diluted 1:100 1n blocking buffer (Starting Block T20
for 1 h. Fol-

100 pl Goat-Anti-Chicken-IgG-HRP (South-

, USA) diluted 1:5000 1n PBS-0.05 %

v/v Tween 20 (Calbiochem, Darmstadt, Germany) were added to each

well and 1ncubated

T'MB (tetramethylbenzidine)

Germany)

M sulphuric acid/well and the optical density (OD) o

for 15 min 1n the dark.

for 1 h. A:

S

ubstrate (Calbiochem,

"ter another washing step,

100 nul

Darmstadt,

were added to each well and the plates were 1ncubated

H

was measured with an ELISA reader (Sunrise-Basic, Tecan,

Austria)
On

cluded. All sera were tested 1n duplicate and the O

ed as the mean value of the duplicates.

H

at a wavelength of 450 nm.

The reaction was stopped with 100 pl 0.5

f each well

Grodig,

cach plate, a positive and a negative control were 1n-

F

A tentative cut-o:

D 1s 1ndicat-

e Y ]

f val-

ue was established as the arithmetic mean of all OD wvalues plus

three times the standard deviation determined

1.7. Western blot analysis

Puri

boiled

captoethanol,

onto B1

for 5 min 1n sample bu

"1ed recombinant Fib-1,

H

from the negative control group.

L]

oTrace PVDEF Transfer Membrane (Pall, Vienna,

from serum samples

Fib-2 and Hex L1 proteins were
‘er containing 4% SDS and 10% mer-
separated by 123 SDS-PAG

and electrotransferred

Austria) .
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After 3 h of blocking with 3% (w/v) skim milk, the membrane was
cut 1nto strips which were 1ncubated separately 1n the test sera
(preabsorbed with 1% Sf9 cell powder, diluted 1:2000) for 1 h.

After several washes with PBS-0.05% Tween 20, the membrane

strips were 1ncubated for 1 h with rabbit anti-chicken IgG-HRP

conjugate (Sigma-Aldrich, Vienna, Austria) diluted 1:2500, fol-

lowed by several washes and 1ncubation with Clarity Western ECL

substrate (Bi1o-Rad Laboratories GmbH, Vienna, Austria). Visuali-

zation was performed on x-ray film (Super RX, Fuji, Japan) after

exposure rfor 12 sec.

1.8. Real—-time (rt) PCR from cloacal swabs and intestine

—

Fxcretion of challenge virus was 1nvestigated from cloacal

swabs taken on days 7 and 14 post challenge (p.c.) and tissue

samples taken from the large 1ntestine at termination of the

F H

study (day 21 p.c.) rom five birds of each group, using an rt

PCR assay based on the 52K gene, following DNA extraction with a

commerclal system (Qiagen, Hilden, Germany) (Gunes et al., J.
Virol. Meth. 183 (2012), 147-153).

2. Results

Z.1. Expression of proteins

Characteristic morphologic changes were exhibited by Sf9

cell cultures within 48 - 96 h after 1noculation with recombi-

nant baculovirus. Recombinant proteins were detected by SDS-PAGE
and Western blot as bands migrated to estimated molecular weight
sizes of 51 kDa (Fib-1), 56 kDa (Fib-2) and 35 kDa (Hex L1) with

peak expression around 72 h after 1noculation. Furthermore, ex-

pression analysis showed that large fractions of Fib-1 and Fib-Z

were expressed as soluble proteins 1n the supernatant, whereas

Hex L1 protein was preferentially found in the pellet.

Z2.2. Protection of recombinant proteins against virulent FAJV

H F

‘erences 1n gseverity of

Following challenge, clear-cut dai

clinical signs and mortality rates were noticed between 1ndivid-

ual groups (Fig. 1). The difference 1n mortality between the

groups was found to be highly significant by chi-sguare analysis

H

"erences were also 1ndicated

(x?=46; p<0,01) and significant di

F

1n the pairwise comparison of mortality between the Fib-2 wvac-

cinated group and all other challenged groups (Bonferroni cor-
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rected chi-sgquare test).

H

Onset of

dence with the overall peak of mortality.
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mortality was recorded on day 3 p.C., 1l COlNcl-

—

Dead birds were ob-

served until day 5 p.c., and after that no more animals died.

After i1infection with the virulent wvirus,

1tive control)

by huddling together with ruffled feathers,
died.

1mals (78 %)

H

birds of group IV (pos-

showed severe clinical depression as manifested

In contrast, birds 1n group

H

clnated) displayed no apparent clinical

dead animal ou
orded. Birds

L

F

OL

H

OT

23

on day 3 p.cC.

group I (Fib-1

F

d

H

LY

and 18 out of 23 an-

(Fi1b-2 wvac-

symptoms and only one

che challenge was rec-

vaccinated) partially showed

clinical symptoms and 10 out of 26 animals died resulting 1in an

overall mortality of

H

verlty of clinical a

i

H

38%. In group

H

trol group, and 19 out of 26 animals

vealed severe lesions

(Hex L1 wvaccinated), se-

"ection was comparable to the positive con-

(73%) died. Necropsy re-

H

1n heart and liver of all animals found

dead or those which had to be euthanized during the experiment.

Characteristic

1cardial sac and

Surviving animals of clinically a:

i

full recovery by 26 days o:

F

H

findings 1ncluded straw-colored fluid 1n the per-
focal necrosis 1n the livers (Fig. 2).
fected groups experienced

-~ Ji1fe. No more lesions were recorded

I

1n any of the surviving animals at termination of the experiment

H

on day 42 of

s1gns were observed at any time of

1 3

H

-_e.

H

In group V (negative control), no clinical

the experiment and no patho-

H

logical lesions were noticed at termination of the study.

2.3. Detection of antibodies
Commercial FAAV ELISA and SNT

No antibodies were detected with the commercial ELISA and

F

the SNT prior to challenge at day 21 1in any of the groups (Fig.

3a and 3b). Following challenge,

birds of

i

groups I - IV devel-

oped an 1ncrease 1n antibody levels detectable by both commer-
cial ELISA and SNT.

ured by commercial

gradually declined,

trol group display a continuous

the experiment

1

In the wvaccinated groups, antibodies meas-

SA 1ncreased until 7 d.p.c. and after that

whereas antibody levels 1n the positive con-

H

tinuously 1ncreased 1n groups 1 -

tailned 1n non-vaccinated birds

lncrease until termination of

ﬁ

Development of neutralizing antibodilies p.c. con-
IV with highest titres ob-



CA 02921402 2016-02-15

WO 2015/024932 PCT/EP2014/067654
26

No antibodilies were detected 1n negative control animals at

H

any of the tested time poilints during the experiment.

Fib-2 ELISA

To 1nvestigate a specific antibody response against Fib-Z

prior to and after challenge a custom—-made ELISA using recombil-

nant purified protein was developed. Starting measurements 1n

Fi1b-2 wvaccinated birds on day 7, the ELISA first detected an 1n-

HH

crease 1n mean OD value above the determined cut-o on day 11

H

and peaked at 7 d.p.c. (Fig. 3b). Until termination of the ex-

periment, mean Fib-2Z2 antibody levels declined only slightly. Of

H

note, the antibody response of the bird that did not survive

’

challenge was only 0.21 and differed significantly from all oth-

er birds.

H H

Birds of the positive control group were tested negative for

Fib-2 antibodies on day 21. Survivors, however, developed a

F

strong anti-Fib-2 response p.c., reaching the level of vaccinat-

ed birds by the end of the experiment.

F

Sera obtained from the negative control group before and af-

ter challenge were tested negative 1n the Fib-2 ELISA (Fig. 3c¢),

simillarly to sera from Fib-1 and Hex L1 vaccinated groups.

2.4, Western Blot

H

Immunoblots with sera from three birds o

each group I -

H

obtained on day 21 after administration of recombinant proteins

ﬁ

confirmed the presence of antibodies against Fib-1, Fib-2 and

Hex L1, respectively (Fig. 4). No antibodies were detected 1in

H

sera from one bird of the positive and negative control group

H

when tested against each of the purified recombinant protelins in

the i1mmunoblot.

2.5. Virus excretion

H

No virus excretion was detected 1n any of the samples taken

from negative control animals (Table 2). Following challenge,

H

viral excretion was noticed 1n all tested birds of groups I-1V,

I

at 7 d.p.c with no evident difference 1in viral load between pro-

tein-vaccinated and positive control birds. Shedding was veri-

H H

fied until termination of the experiment and the majority of

birds were recorded positive for virus excretion 1n the faeces.

~ — ~

The large 1ntestine of half of the 1nfected birds was positive
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F

TV

3. Discussion
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the study, with positive birds 1n each of the

While human adenoviruses are well studied on a molecular ba-

s1s for their use as vaccine and gene therapy vectors, current

understanding of
st1ll 1limited.

been established as the critical factor 1n formation o:

F

FAAV-host 1nteraction and molecules 1nvolved 1s

Interaction between capsomer and host cell has

I

- host 1m-

munity, rendering adenovirus capsid protelins 1nteresting candi-

dates for subunit

vaccilne development. In regard to the preven-

tion of HHS, E. coli expressed penton base was recently proposed

as a potential subunit antigen.

g
p—

cacy of

fiber subunit 1mmunization derived

In the present study,

vestigated by utilizing for the first time the novel

two distinct

loop-1, a sur:

was 1nves

tigated.

fiber-encoding genes 1n FAJV-C.

F

The choice ©

evidence

for possible post-translational modj

adenovirus proteins.

Upon challenge with the virulent strain AG234, dai

H

grees of

recombinant FAdJdV capsid proteins.
bodies were detected prior to challenge,

be proven as an e:

parison,

ficacious

’

the effi-

from FAdV-C was 1n-

H

finding of

In addition, hexon

"ace-exposed structure with 1mmunogenic potential,

the baculovirus expression system was based on

H

fications of such

"erent de-

protection were observed 1n chickens wvaccinated with

an 1mmune response directed against Fib-2 1s highly ef-

as 1t

could 1ndicate a

H

steps orf

cell receptors.

infecta

F

prevents any c¢linical signs

H

key role of the Fib-2 protein 1n

H

Although Hex Ll-specific anti-

this protein could not

fective subunit antigen 1n our study. In com-

H

of disease. This

"he 1nitial

on, possibly by mediating attachment to host

—
p—

Cellular attachment via binding of fiber to the

ublgquitously present coxsackievirus-adenovirus receptor (CAR) 1s

a well-known mechanism 1n human adenoviruses.

about CAR-:

studies and the role of CAR as primary receptor

"1ber 1nteraction 1s primarily derived

H

However,

knowledge

from 1n vitro

for adenovirus

entry 1nto the host cell 1s 1ncreasingly gquestioned. In this

context,

not mammalilan,

F

fiber o

—

0f relatedness of

binding

—

to primary receptors specific

FAAV-C Fib-2 with the short

for avian - but
-cells was suggested to be mediated by the short

CELO. Previous phyvlogenetic data show a higher degree

’

fiber gene of CELO
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and the single fiber gene found 1n other FAJV species,

ds COIN—

pared to Fib-1. Based on these 1nformations, together with the

H F

actual finding of highly efficacious 1mmune response directed

against FAdAV-C Fib-2, Fib-2 could serve as the primary ligand

H

for induction of a host-cell dependent i1infection pathway.

Antibodies raised agailinst Fib-2 following wvaccination were

F

detected with the exception of one bird, indicating a correla-

tion with protection, 1n contrast to the commercial

H

falled to detect antibodies before challenge.

ELIL

SA which

Obviously, the

type specificity of the fiber antigen results 1n a binding 1n-

compatibility of the 1nduced antibodies within

antibodilies directed against Fib-2 do not possess

"he commercial

ELISA test system. The results obtained from SNT 1ndicate that

neutralizing

capacility, which 1s 1n agreement with previously reported obser-

F

vations of weak or lacking serum neutralization activity elicit-

H

ed by fiber 1f administered as an 1solated virus component.

H

The challenge virus was detected 1n cloacal swabs of groups

rus excretion and shedding, even 1n birds protected

I-IV alike, demonstrating that vaccination does not prevent vi-

from clini-

cal disease. This finding 1s supported by a previous study that

H

reports excretion of challenge virus even 1n birds clinically

et al., Avian Dis. 54 (2010), 905-910).

F

H

fully protected by a 1live attenuated FAdV wvaccine

In summary, 1dentification of virulent strains o:

H

p—

(Schonewille

FAAV-C as

causative agents of HHS together with the limitations

currently employed 1nactivated wvaccilines argue

H

ment of next-generation 1mmunization strategies.

presented 1n the present i1nvention shows high e

F

The

faced by

"or the develop-

findings

H

"1cacy of recom-

binant Fib-2 protein for the development of an effective and

safe subunit vaccine.

Tables

Table 1: Primers used.

Primer Sequence (57 =-37) Position Purpose

name

KR5-b 5 -GGATCCATGTCGGCCCTAATCG-3" 30438 - 30453 ° Amplification of the fiber-1 gene of

Fib-1 £ strain KR5 and cloning 1nto the
pfastBac vector

KR5-b 5 -AGGCCTTTAGGGGCTCGGAGC-3" 31725 - 31739 ° Amplification of the fiber-1 gene of

Fib-1 r strain KR5S and cloning 1nto the
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KR5-b 5 -AGGCCTATGCTCCGAGCCCCTA-3 31723 - 31738 ¢
Fib-2 f
KR5-b 5 -TCTAGATTACGGGACGGAGGCTG=-37 33146 - 33162 °
Fib-2 r
FAV f 57— 20481 - 20502 ¢

AATTCCATGGACAAGTTCAGGCAGAC-

GGTCGT-3"

FAV r 5 -

21347 - 21366 °

TAACTCGAGCTAGTGATGCCGG-

GACATCAT-3~

52K-fw 5 —-ATGGCKCAGATGGCYAAGG-3" 13075 - 13093 °

52K-1Vv 5 -AGCGCCTGGGTCAAACCGA-3" 13250 — 13232 °

PCT/EP2014/067654

ptastBac vector

Amplification of the fiber-2 gene of
strain KR5S and cloning 1nto the
pkFastbBac vector

Amplification of the fiber-2 gene of
strain KRD and cloning i1nto the
pfastBac vector

Amplification of the hexon loop-1
gene region of strain KR> and
cloning 1nto the pFastBac vector
Amplification of the hexon loop-1
gene region of strain KR> and
cloning i1nto the pFastBac vector
Amplification of the 52k gene 1n rt-
PCR

Amplification of the 52k gene 1n rt-

PCR

a Position 1s 1ndicated for the complete genomic KR5 sequence (HE608152).

b Position 1s 1ndicated for the complete genomic CELO sequence (U46933).

Table 2:

H

Detection of wviral excretion

1n cloacal swab samples

(taken on days 21, 28 and 35) and tissue from the large 1ntes-

tine (taken on day 42)

group. Results are shown as number of positive samples/number of

samples tested.

’

H

by real-time PCR from five birds of each

’
p—

the present invention:

d ° group I group II group IIT group 1V group V
(F1b-1) (F1b—-2) (Hex L1) (positve control) (negative control)
21 - - - - -
28 5/5 5/5 5/5 5/5 0/5
35 3/5 4/5 4/5 4/5 0/5
47 1/5 3/5 5/5 1/5 0/5
® Day of life
Table 3: List of examples of fiber proteins useable according to
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Fowl adenovirus 4 1solate Punjab 1 fiber gene,

1,386 bp linear DNA
DOE64436.1 GI:112735223

Fowl adenovirus 4 1solate Punjab 2 fiber gene,

1,386 bp linear DNA
DOE64434.1 GI:112735219

Fowl adenovirus 4 short fiber gene,

1,482 bp linear DNA
AY340863.1 GI:33359662

Fowl adenovirus 10 short fiber proteln gene,

1,496 bp linear DNA
AF007579.1 GI:2674070
Fowl adenovirus 4 1solate
1,425 bp linear DNA
HO709232.1 GI:318040046
Fowl adenovirus 4 1solate
1,425 bp linear DNA
HO709231.1 GI:318040044
Fowl adenovirus 4 1solate
1,425 bp linear DNA
HO709230.1 GI:318040042
Fowl adenovirus 4 1solate
1,425 bp linear DNA
HQ709229.1 GI:318040040
Fowl adenovirus partial
1,197 bp linear DNA
FNOH57186.1 GI:315455213
Fowl adenovirus partial
1,197 bp linear DNA
FNH57185.1 GI:315455211
Fowl adenovirus partial
1,197 bp linear DNA
FN5H57184.1 GI:315455209

Fowl adenovirus 4 1solate Bareilly fiber proteiln gene,

1,437 bp linear DNA
FJ949088.1 GI:2386836327

Fowl adenovirus C pVIII gene,

ORFZ22, 1solate CZB
4,345 bp linear DNA
HE6O08154.1 GI:381214073

Fowl adenovirus C pVIII gene,

ORF22, 1solate AGZ234
4,321 bp linear DNA
HE6O0B8153.1 GI:381214067

Fowl adenovirus C complete genome,

45,810 bp linear DNA
HE6O08152.1 GI:381214017
Fowl adenovirus C partial
1,395 bp linear DNA
FR872927.1 GI:3681214013
Fowl adenovirus C partial
1,440 bp linear DNA
FR872926.1 GI:3681214011
Fowl adenovirus C partial
1,440 bp linear DNA
FR872925.1 GI:3681214009
Fowl adenovirus C partial
1,329 bp linear DNA
FR872924.1 GI:381213952
Fowl adenovirus C partial
1,340 bp linear DNA
FR872923.1 GI:3681213950
Fowl adenovirus C partial
1,421 bp linear DNA
FR872922.1 GI:381213948
Fowl adenovirus C partial
1,416 bp linear DNA
FR872921.1 GI:3681213946
Fowl adenovirus C partial
1,184 bp linear DNA
FR8726898.1 GI:381213900
Fowl adenovirus C partial
1,311 bp linear DNA
FR8726897.1 GI:3681213898
Fowl adenovirus C partial
1,302 bp linear DNA
FR8726896.1 GI:381213896

Kr-Yeoju short fiber gene,

Kr-Gunwl short fiber gene,

Kr-Andong short fiber gene,

Kr-Changnyeong short fiber gene,

fiber-2

fiber-2

fiber-2

fiber-2/

fiber-2/

fiber-2

fiber-2

fiber-1

fiber-1

fiber-1

U-exon gene,

U-exon gene,

complete cds

sf gene for short fiber protein,

sf gene for short fiber protein,

sf gene for short fiber protein,

1solate KRD

gene,

gene,

gene,

gene,

gene,

gene,

gene,

gene,

gene,

gene,

1solate

1solate

1solate

1solate

1solate

1solate

1solate

1solate

1solate

1solate

fiber-1 gene,

fiber-1 gene,

30

complete cds

complete cds

complete cds

complete cds

complete cds

complete cds

complete cds

1solate OTE

1solate 08-5769

1solate 08-362/7

complete cds

fiber-2 gene and

fiber-2 gene and

K388-95

09/868846

09/584

09/2602

K99-97

Perusn4d

Perubs

K1013

922/1

CZ2B

PCT/EP2014/067654
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Fowl adenovirus C partial
1,302 bp linear DNA
FR872895.1 GI:381213894
Fowl adenovirus C partial
1,302 bp linear DNA
FR872894.1 GI:381213892
Fowl adenovirus C partial
AGZ234)

1,188 bp linear DNA
FR872893.1 GI:3681213890
Fowl adenovirus C partial
1,302 bp linear DNA
FR872892.1 GI:381213888
Fowl adenovirus C partial
1,181 bp linear DNA
FR872891.1 GI:381213886
Fowl adenovirus 4 1solate
1,425 bp linear DNA
HQO7092532.1 GI:318040046
Fowl adenovirus 4 1solate
1,425 bp linear DNA
HO7092531.1 GI:318040044
Fowl adenovirus 4 1solate
1,425 bp linear DNA
HQO709230.1 GI:318040042
Fowl adenovirus 4 1solate
1,425 bp linear DNA
HQO709229.1 GI:318040040

CA 02921402 2016-02-15

fiber-1 gene, 1solate

fiber-1 gene, 1solate

fiber-1 gene, 1solate

fiber-1 gene, 1solate

PCT/EP2014/067654

31

fiber-1 gene, 1solate Dabl

KRS

INT4 (QT-cell passaged

AG234

K3

1

Kr-Yeoju short fiber gene, complete cds

Kr-Gunwl short fiber gene, complete cds

Kr-Andong short fiber gene, complete cds

Kr-Changnvyeong short fiber gene, complete cds

Fowl adenovirus partial sf gene for short fiber protein, 1solate OTE

1,197 bp linear DNA
FNODLT/7186b.1 GI:315455213

Fowl adenovirus partial sf gene for short fiber protein, 1solate 08-5769

1,197 bp linear DNA
FNS57185.1 GI:315455211

Fowl adenovirus partial sf gene for short fiber protein, 1solate 08-362Z7

1,197 bp linear DNA
FNDODLT7184.1 GI:315455209

Fowl adenovirus 4 1solate BRareilly fiber proteln gene, complete cds

1,437 bp linear DNA
FJ949088.1 GIL:2386836327

Fowl adenovirus 4 short fiber gene,

1,482 bp linear DNA
AY340863.1 GI:33359662

Fowl adenovirus 4 1solate Punjab 1 fiber gene,

1,386 bp linear DNA
DOB64436.1 GIL:112735223

Fowl adenovirus 4 1solate Punjab 2 fiber gene,

1,386 bp linear DNA
DOB64434.1 GIL:112735219

Fowl adenovirus 10 short fiber protein gene,

1,496 bp linear DNA
AF007579.1 GI:2674070

The nature of the

H

length of the sequence,

version 18 1ndica

Table 4: List of

Falcon adenovirus A

ced

complete cds

complete cds

complete cds

complete cds

sequence, the FAdV species/serotypes, the-

H

for each o:

Falcon adenovirus 1 [AY083541]

Fowl adenovirus A

Fowl adenovirus 1

Fowl adenovirus B

Fowl adenovirus 5

Fowl adenovirus C

Fowl adenovirus 4
Fowl adenovirus 10

(CELO) [U40933

the GenRank accession number and the

(340) [AF508952]

(ON1) [GU188428
(CFA20) [AF1060185] (FAAV-10)

che sequences.

speclies 1n the genus Aviadenovirus:

(FaAdV-1)
~ AC 000014] (FAAV-1)
(FAAV-5)
= NC 015323] (FAAV-4)
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32
Fowl adenovirus D
Fowl adenovirus 2 (P7-A) [AF339915] (FAJAV-2)
Fowl adenovirus 3 (75) [AF508949] (FAAV-3)
Fowl adenovirus 9 (AZ2-A) [AF083975 = AC 000013] (FAAV-9)
Fowl adenovirus 11 (380) [AF339925] (FAAV-11)
Fowl adenovirus E
Fowl adenovirus © (CR119) [AF508954] FAJV-0)
Fowl adenovirus 7 (YR306) [AF508955H] FAAV-7)

(
(
Fowl adenovirus 8a (CFA40) [AF155911] (FADV-8a)
Fowl adenovirus 8b (7064) [AF508958 (
Goose adenovirus
Goose adenovirus 1 (GoAdV-1)

~—

Species names are 1n 1talic script; names of types and 1solates

( ) are 1n roman script. Sequence accession numbers [ | and

assigned abbreviations ( ) are also listed.
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New Claims:
1. Vaccine comprising fiber 2 protein of Fowl Adenovirus C
(FAAV-C) for use in preventing hepatitis-hydropericardium
syndrome (HHS) 1in birds, preferably in poultry, especially in
broilers;
wherein the vaccine is a subunit vaccine.
2. Vaccine for use according to claim 1 further comprising an

adjuvant, preferably selected from the group consisting of
Freund’s complete adjuvant, Freund’s incomplete adjuvant,
aluminum hydroxide, Bordetella @pertussis, saponin, muramyl
dipeptide, ethylene vinyl acetate copolymer, o0il, a vegetable
©c1l or a mineral oil, in particular peanut o0il or silicone o11l,
and combinations thereof.

3. Vaccine for use according to claim 1 or 2 wherein the fiber-
2 protein of FAdV-C is selected from the protein sequences
provided in Fig. 5 .

4 . Vaccine for use according to claim 3 wherein the fiber-2
protein of FAdV-C is the protein sequence FIBER-Z2 KR3 provided
in Fig. 5.

. Vaccine for wuse according to any one of claims 1 to 4
further comprising a pharmaceutically acceptable diluent and/or
carrier, preferably selected from the group consisting of water-
for-injection, physiological saline, tissue culture medium,
propylene glycol, polyethylene glycol, vegetable o1ls,
especially olive o0il, and injectable organic esters, especially
ethyl oleate.

6. Vaccine for use according to any one of claims 1 to 5
wherein the fiber-2 protein of FAdV-C has been recombinantly
produced, preferably in a baculovirus expression system, in an

E. coli1i expression system, or in a Pichia pastoris expression
system.

7. Vaccine for use according to any one of claims 1 to 6§
wherein the fiber-2 protein of FAdV-C is contained in an amount

12 AMENDED SHEET 17-11-2015
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of 0.1 pg/ml to 10 mg/ml, preferably of 1 pg/ml to 1 mg/ml,
especially of 10 to 100 pg/ml.

8. Vaccine for use according to any one of claims 1 to 7
consisting of |

= fiber-2 protein of FAdV-C, preferably in an amount of 0.1 ng
to 10 mg, preferably of 1 pg to 1 mg, especially of 10 to 100
ng,; and

~ a pharmaceutically acceptable carrier and/or diluent and/or
adjuvant.

9. Method for preventing HHS in birds, preferably in poultry,
especlally in broilers, comprising administering to poultry,
especially parent flock, a vaccine comprising fiber-2 protein of
Fowl Adenovirus Serotype C (FAdV-C) thereof:;

wherein the vaccine is a subunit vaccine.

10. Kit comprising a fiber-2 protein of FAQV-C or an
immunogenic fragment thereof immobilised on a solid surface.

1l1. Kit according to <claim 9 further comprising means for
detection of the binding of an antibody to the immobilised
fiber-2 protein of FAdV-C or the immobilised lmmunogenic
fragment thereof, preferably an antibody being specific for bird
antibodies, especially an anti-chicken IgG antibody or an anti-
turkey IgG antibody.

12. Kit according to claim 10 wherein the anti-chicken IgG
antibody or the anti-turkey IgG antibody is a labelled antibody,
especially an antibody labelled with a colourigenic,
fluorescent, luminescent or radioactive antibody.

13. Kit according to any one of claims 10 to 12, comprising a
fiber-2 protein of Fadv-C.

AMENDED SHEET 17-11-2015
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