WO 2011/ 138040PCT/ EP2011/ 002252 Vacci ne agai nst bet a- herpesvirus infection
and use thereof The present invention is related to a beta-herpesvirus,

pr ef er ablwoaorieiceni nant bet aher pesvirus, the use of thecharasth@opsesvirus
for the manufacture of a medi canent, the use of the beta-herpesvirus for

t he manufacture of a vaccine, a nucleic acid coding for the

bet aher pesvirus, a vector conprising the nucleic acid coding for the

bet a- her pesvirus, and a host cell conprising the nucleic acid coding for
the beta-herpesvirus or the vector. In a preferred enbodinent the
bet a- herpesvirus is a human cytonegaIOV|rus Human cyt onmegal ovirus (CW), a
menber of the beta-herpesvirus subfam|y is the nedically nost significant
her pesvirus inf ect Vagringagainst baahierpesyirg infezgod ami pse theigpbct . Dis. 39: 233-
239.; Stratton et al. 1999 Vaccines for the 21st Century: A Tool for
Decisionnaking Nat i onal Acadeny Press). Mst of the human CW infection is
acqui red without synptomaii c di sease via breast feedi ng or salivalurine
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primary maternal infection occurs during pregnancy, the average rate of transmission to the
fetus is 40%; about 65% of these newborns will have congenital inclusion disease (CID).
With recurrent maternal infection going along with reactivation from latency, the risk of

transmission to the fetus becomes lower ranging only from 0.5 to 1.5% and the majority of

these infants will also be symptomless. Although natural infections before pregnancy cause a



The devel opment of vacci nes against CW infection is reviewed in Schleiss
et al. (Schleiss et al. 2005 Herpes. 12:66-75; Schleiss et al. 2008 Cuff.
Top. M crwbiz2eir/138runol . 325: 361- 382.). One strategy fecTiEreodOVEEDPEN
of a human CW vaccine is the use of live attenuated HCW. Live attenuated
CW are generated by multiple cell culture passages. In accordance
therewith, in |ive attenuated vacci neg the admini stered viruses are

i nfecti ous, However due to the adaptation to the ce|ll culture a | oss, of
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| i kely over-attenuated rendering it of suboptinmal efficacy as a vacci ne.

The development of vaccines against CMV infection is reviewed in Schleiss et al. (Schleiss et
al. 2005 Herpes. 12:66-75; Schleiss et al. 2008 Curr. Top. Microbiol. Immunol. 325:361-
382)).

One strategy for the development of a human CMV vaccine is the use of live attenuated
HCMV. Live attenuated CMV are generated by multiple cell culture passages. In accordance
therewith, in live attenuated vaccines the administered viruses are infectious. However due to
the adaptation to the cell culture a loss of functional genes occurs whereby the lost genes are
not required for virus propagation in vitro, but are important for virus infection in vivo. Such

live attenuated CMV are therefore less pathogenic to the host.

The first human CMV vaccine candidate which was tested in clinical trials was a live
attenuated vaccine. This was the AD169 strain of HCMV which was attenuated by extensive

tissue culture passages in human primary fibroblasts. This attenuation is a result of a selective



Consequently, new human CW strains with internedi ate attenuati on have been
produced. Chineric viruses have been constructed by genetic reconbination
bet ween Tworneligiss@n and Tol edo strain, which is a w | deCcyme2eiiiloa226t i ni cal

i sol ate of human CW not attenuated by tissue culture passages.
Interestingly, an essential feature of the Towne strain and the vaccine
based thereon is its incapability of éfficiently infecting endotheli al
cells. Furthernore, vaccination with the Towne strain does not induce
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Two types of these viruses were described: the so called
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2011/ lé%% Eglréulgg)szlg?al\fy b%gg %§§structed by genetic recombination between Towne strain and

Toledo strain, which is a wild type like clinical isolate of human CMV not attenuated by

tissue culture passages.

Interestingly, an essential feature of the Towne strain and the vaccine based thereon is its
incapability of efficiently infecting endothelial cells. Furthermore, vaccination with the
Towne strain does not induce antibodies that are capable of neutralizing endotheliotropic
CMV infection, more specifically Towne does not induce antibodies against endotheliotropic

human CMYV strains (Cui et al. 2008 Vaccine 26:5760-5766.).



5 Replication-defective al pha-herpesviruses were generated by the deletion
of genes essential for the DNA replication cycle. The del etion of genes
essent i alwbanitvizsosui ral DNA replication e.g. the nmaj or DNivEPROdionspr ot ei n
| CP8, was used to generate respective deletion viruses. Said viruses can be
propagated in vitro by using stably transfornmed cells that conplenent the
product of the |acking gene (Forrester* et al. 1992 J Virol 66:341-348.).
Several publications from Kni pe and col | eagues prove that such viruses can
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t he NaI(Ii opal 8\£§§I‘ﬁi ne Comrittee of the Institute of Medicine (US) (Stratton
et al. g‘upP'ag. ius the problemunderlying the present invention was to
provi de an effective HCW vacci ne and a bet a-herpesvirus contained in such

vacci ne, respectively. WD 2011/ 138040PCT/ EP2011/ 002252 6. The clains_ are
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reconbi nant bet a- her pesvirus, wherein thg bet ?-Qerpgsa/'%ru? ish .

spr eadviBSES 8§ wafeines against herpesviruses were, to date, only described for alpha-herpesviruses
(Dudek et al. 2006 Virology 344:230-239). The propagation of these viruses is facilitated by
complementing cells that express the lacking genomes and support the growth of the defective
viruses. Propagation of such viruses with the deletion of a gene on complementing cells
results in vaccine-virus particles that possess a wild type virion surface and a tropism like
wild type virus for the first target cells. These viruses are infectious upon vaccination for the
first line target cells. In said first line target cells, the deleted or inactivated gene leads to

either the abrogation of virus replication or the formation of virus particles with diminished

infectivity or tropism.

The design of an alpha-herpesvirus vaccine by deletion of one gene essential for DNA
replication or the abrogation of production of infectious particles by deletion of the targeting
complex, namely glycoprotein gB is reviewed in Dudek et al. (Dudek et al. supra). Two types
of these viruses were described: the so called ,,replication-defective* and the so called ,,single-

cycle® viruses.



Enbodi ment 2. The bet a- herpesvirus according to enbodi nent 1, wherein the
beta- herpesvirus is endotheliotropic and /or has a wild type-like virion
surface. Wohodisenw 3. The bet a- her pesvirus accordi ng t oPpPamEPeea/0ef252

enbodi nents 1 to 2, wherein the beta-herpesvirus is endotheliotropic and
has a wld type-like virion surface. Enbodi ment 4. The bet a- herpesvirus
according to any one of enbodi nents 15t 0 3, wherein the beta- her pesvirus is

suitable to or capable of inducing an i mmune response, wherein preferably
the i rikemEatiensgelssiavecdpprhepssiBISET Bere gensraled PyJhs dsletigniof genes essential
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is prevented frominfecting endothelial cells and/or epithelial cells by
t he nefiomd{nipé¢ agd anli¢dgoc poyve itbatssuplatvirosgsncanpnddogrprbleptive umune pesporsgen.
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61
Morrison et al. 1996 Virology 220:402-413; Morrison et al. 1997 Virology 239:315-326.).

Single-cycle viruses lack glycoproteins of targeting complexes e.g. glycoprotein gB or fusion
complexes e.g. gH/gL (Dudek et al. supra). Such virus mutants are described in US 7,374,768
by Inglis et al. Said complexes are described to be important for the attachment to the cell
and/or fusion of virus and cell, as initiation steps for infection of this cell. The deletion of said
glycoproteins will generate single-cycle vaccine virus particles that infect first line target
cells. It is important to note that said cells in the host form virus particles which do not
possess a wild type-l-ike virion surface since they lack the glycoprotein mentioned above.
These particles lacking the glycoprotein, are not infectious or at least possess limited tropism
or infectivity for the next cells to be infected. Further, the deletion of said glycoprotein leads
to a lacking expression of said glycoprotein preferably being effective as an antigen in the

infected cell.

Due to society costs caused by human CMV infection in both morbidity groups and the
emerging epidemiological situation the development of an effective HCMYV vaccine has been
emphasize as a highest level priority by the National Vaccine Committee of the Institute of

Medicine (US) (Stratton et al. supra).

Thus the problem underlying the present invention was to provide an effective HCMV

vaccine and a beta-herpesvirus contained in such vaccine, respectively.

This problem is solved by the attached independent claims. Preferred embodiments may be

taken from the attached dependent claims.



wherein the beta-herpesvirus is a human bet a-herpesvirus. WO

2011/ 138040PCT/ EP2011/ 002252 7 Enbodi nent 9. The bet a- her pesvirus accordi ng
to any ornwoabiieskadi nents 7 and 8, wherein the beta-her pesmrPeag/onR5a hunman
cytonegal ovi rus. Enbodi nent 10. The bet a- her pesvirus according to any one of
enbodinent 1 to 9, preferable enbodi nent 9, wherein the beta-herpesvirus is
deficient in at | east one gene producﬁ I nvolved in primary and/ or secondary
envel opnent. Enbodi nent 11, The_ beta-herpesvirus according to odi ment 10,
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limited to the embodiments being a recitation of the claims.

Embodiment 1. A beta-herpesvirus, preferably a recombinant beta-herpesvirus, wherein

the beta-herpesvirus is spread-deficient.

Embodiment 2. The beta-herpesvirus according to embodiment 1, wherein the beta-

herpesvirus is endotheliotropic and /or has a wild type-like virion surface.

Embodiment 3. The beta-herpesvirus according to any one of embodiments 1 to 2,

wherein the beta-herpesvirus is endotheliotropic and has a wild type-like virion surface.

Embodiment 4. The beta-herpesvirus according to any one of embodiments 1 to 3,
wherein the beta-herpesvirus is suitable to or capable of inducing an immune response,
wherein preferably the immune response comprises neutralizing antibodies against beta-

herpesvirus and CD4" and CD8" T-cells directed against epitopes of beta-herpesvirus.

Embodiment 5. The beta-herpesvirus according to embodiment 4, wherein the immune
response comprises neutralizing antibodies, wherein beta-herpesvirus is prevented from

infecting endothelial cells and/or epithelial cells by the neutralizing antibodies.

Embodiment 6. The beta-herpesvirus according to embodiment 5, wherein beta-
herpesvirus which is prevented from infecting endothelial cells and/or epithelial cells by the

neutralizing antibodies, is a pathogen, preferably a human pathogen.

Embodiment 7. The beta-herpesvirus according to any one of embodiments 1 to 6,

wherein the beta-herpesvirus is a human beta-herpesvirus.

Embodiment 8. The beta-herpesvirus according to any one of embodiments 1 to 7,

wherein the beta-herpesvirus is a cytomegalovirus.



one gene product is encoded by a gene selected fromthe group conprising
UL50 and UL 53 and honol ogs of each thereof. Enbodi nent 13. The

bet a- her pgovirmss@acor di ng to enbodi nent 10, wherei n t h@CalEPR@a®9226he gene
product is involved in secondary envel opnent. Enbodi nent 14. The

bet a- her pesvi rus accordi ng to enbodi m,=7nt 13, wherein the at | east one gene
product is encoded by a gene selected’fromthe group conprising UL94 and
UL99 and honol ogs each thereof. Enbodi nent 15. The bet a- her pesvi rus
accor diBodimeh$ one e BetpdaneaYY accorling to gy e Pft ¢rab ?‘Smﬁefﬁ%@\ﬁi’rus

conpr i@ﬁe}eiﬁltgygétg_%hggviﬁqyg%ﬁmﬂ\@g‘?ﬁg@g}vg@s nucl eoti de sequence conpri ses

a first nuclelc acid sequence repreésente ‘nucl eotides 1 to 122630 of the
nucl eoti de sequence according to SEQ I D. NO: 20, a second nucl eoti de sequence

represenied b ucl eqf,i des 123668 to 181652 of the nucleotide sequence
accor Zﬁ?rﬁéo‘ggleéﬁz I D. Kuk}?ezgeta- TRESYIRRY Gc‘fﬂﬁgllngptloi By §§E|Lf§JnE‘QL?‘gB?e§‘E gn?%?’ by
nucl eqirbidepld 3b3dinhht 28 30Rdre R tHeh BetBlHelRAVirgke isS BEHGERCINAGC Wadl BHe {Rne
SEQ I D. NO: 20 and wherein nucl eotide 122630 of the nucl eoti de sequence

accor dirodudt inveBE@dIiDphazY andorseeandany Eyvdlopthend. t o nucl eoti de 123668 of the
nucl eoti de sequence according to SEQ I D. NO: 20 and wherei n nucl eoti de 181652
of the nucl eotide sequence according to SEQ ID.NO:20 is covalently |inked

to nuat@pddiARrnilB9192 e Eéﬂ@-h&?@é\ﬂﬂisiad@or_&ﬁ@u@%ﬂ)o@ﬁﬁaﬁdimgvﬁ:&inﬁﬁ@ dtDedND: 20.
WO 2011/ 138040PCT/ EP2011/ 002252 8 Enbodi nent 16. The bet a- her pesvi rus

accor dinggend PEdyicion énvefl vesnp paimasy eavelopraent 4

Embodiment 12. The beta-herpesvirus according to embodiment 11, wherein the at least
one gene product is encoded by a gene selected from the group comprising UL50 and UL 53

and homologs of each thereof.

Embodiment 13. The beta-herpesvirus according to embodiment 10, wherein the at least

one gene product is involved in secondary envelopment.

Embodiment 14. The beta-herpesvirus according to embodiment 13, wherein the at least
one gene product is encoded by a gene selected from the group comprising UL94 and UL99

and homologs each thereof.

Embodiment 15. The beta-herpesvirus according to any one of embodiments 1 to 14,
wherein the beta-herpesvirus comprises a nucleotide sequence, wherein the nucleotide
sequence comprises a first nucleic acid sequence represented by nucleotides 1 to 122630 of
the nucleotide sequence according to SEQ.ID.NO:20, a second nucleotide sequence
represented by nucleotides 123668 to 181652 of the nucleotide sequence according to
SEQ.ID.NO:20 and a third nucleotide sequence represented by nucleotides 189192 to 233681
of the nucleotide sequence according to SEQ.ID.NO:20 and wherein nucleotide 122630 of the
nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 123668 of
the nucleotide sequence according to SEQ.ID.NO:20 and wherein nucleotide 181652 of the
nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 189192 of
the nucleotide sequence according to SEQ.ID.NO:20.



wherein the beta-herpesvirus conprises a nucl eoti de sequence, wherein the
nucl eoti de sequence conprises a first nucleic acid sequence represented by
nucl eot i owe 201111638WR2630 of the nucl eoti de sequence accoPdirmP2410/002252

SEQ I D. NO: 20, a second nucl eoti de sequence represented by nucl eoti des
123668 to 181652 of the nucl eotide sec&uence according to SEQ ID.NO: 20, a
third nucl eoti de sequence represented®y nucl eotides 189192 to 233681 of
t he nucl eotide sequence accaording to SEQ.ID. NO: 20 and_a fourth nucl eotide
sequenE®bedimsnt 1o-ng al buBPATerRFEViERy AROEENE e inYi T o e@é@'lmnrao.l 39 14,
Enbodi 10 T t‘?‘?‘i ' Wk t di : [

nucl eo‘?ﬁﬂ'gmlglﬁ%%gtao Sgﬁ%c }el[g{rlgg%aagglgglg%@% gg%%ﬁggngﬁ'? f()guéé%e I@&%ﬁgg i's
coval eseqhgnceicokgalisea instl metdicecid sefjudnice representdi fensdeptalesd ack22630 vf t o

SEQ I D,No: 34, .wherein nucl eotide 252 o 2 pucl eotide sequence accordi ng
o SEQUPOINGE0tSE SenisBenl BORURS | HicaBT P NIEPBof a8 or938B8CBIds Reauence

nucl eofehfRetEd N Alc1BGERS 1 73668 0toSER) 492 VP 1RO rﬂi&ﬂ:o%@_rs%hﬂedw%&gidiﬁ?_t681652
of the nucl eoti de sequence according to SEQ ID.NO: 20 is covalently Tinked

t o nucSBQDIO L2992 Ikird huelpetideusshuerce deprssanirshleye naedewsidgs 1§91 Y. GELIIGBL b: 20.

Enbodi pent 18..The bet a- her pesvi r.us g, to.any. one of , ephodinments 1 to
T CwriBFneteanhe bt ReBinve cocSRRELEO™ i PLYeRaE BaisSIe S uRhes o1

t he nugdngstsinlea fRAeRIIe e h&Rdiag td SBQ.IMUINDEI4; aci d sequence represented
by nucleotides 1 to 122630 of the nucl eotide sequence according to

SEQ I D. NO: 20, a second nucl eoti de sequence represented by nucl eoti des

12366 . of t I I S : a i g@% 2 a
t hi rd%lﬁg?ég%%g's eq uﬁecgé{%ggﬁ)teeg‘gﬁfse%ggﬁ%rﬁiEﬂ %gp(lgcglé{égﬁgq’z 1(II)l q‘i@%@g@e of

t he nurd2s00i sfetiregudestRleasgaentiengedoddibiQol SEQUD2NO:2M i chealertly hinkédadi de
sequence represented hy nucl eotides 189192 to 233681 of the nucleqti
sequenueleptide d pfihe 9ksclsét§.e|smm99@%mglnm%r3&%ﬂ?ﬂ@f Bt Vhrgemoys tl@? 2g§e

nucl eof4 i : 2.2k | 3 | 4 :
el ot B e S g G R o Al Tiked (oo
wher ei 23668 ofutheentdleheide 3@Gdencef adcoalingiab eSEQAD. @ Peank vawron diuctgotide
SEQ ID, NO. 20 i§ covalently linked to,the n ti 31243 ,of , the

nucl eo{%égs%tjq nE‘é&%fE rg‘?qﬁﬁn(‘teoa fﬁ.hf‘é.tﬂoggéﬁg)nlagsaér‘%icﬂv"llﬂglynulu'@#%%tt? de

181652 Rfiedkide 1802 thdRudEANRREGuAEE QEHrdide k@ SEHAD.WOMY. 20 is coval ently
|l i nked to the nucl eotide 189192 of the nucl eoti de sequence according to

SEQ I D. NO: 20. WD 2011/ 138040PCT/ EP2011/ 002252 9 Enbodi nent 19. The

bet a- her pesvi r accaopdi t.o_any. one_ of ..emhodi nent s t 4 rein the

bt o NETBRETIPES Compp s Bl ebtYid rerdruBB IR el SHinet eifodisnflE €t e

sequengRereRMHd Befa-lRerpdsiitis NVeelpRises ac indciehdte Requanes)r aherie dhdynutlotidet i des

1 to 122630 of the nucl eotide sequence according to SEQ I D. NO: 20, a second
6

D
nucl eoteduence sqmpnices # disstanisiaieacigseaugice gepraweatetdnspecleasides detpol 22039 198

| L i E _ . .
Fepr ootk BYTEGHED SFuBRES Lehing (O SECEAROSY. § WBiond, BHcaRld deagagyence
accor diepeséreSHY. hiv1861id2e, 128668 utot 130670 ebtthelanskatide cequae eseotditk by

| eot1 des 189192 to 233681 of th | eoti d di
SEQ | ROIBNO 2l ki ANGPeHls Waueg TERERDY P Fas ALF b 03 ffence

ol o e R B B D! A5 B NI i e 2

bet a- heppmpsented y acdestilengl 89 92ntoo@B3ekit of Xhe whelestide rmeqi@oti absording to
SEQ.ID.NO:20 and wherein nucleotide 122630 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 123668 of the nucleotide sequence
according to SEQ.ID.NO:20, wherein the nucleotide 130670 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to the nucleotide 131243 of the nucleotide
sequence according to SEQ.ID.NO:20 and wherein the nucleotide 181652 of the nucleotide
sequence according to SEQ.ID.NO:20 is covalently linked to the nucleotide 189192 of the

nucleotide sequence according to SEQ.ID.NO:20.



122630 of the nucl eoti de sequence according to SEQ ID.NO:20 is covalently

| inked to nucleotide 1 of the nucl eotide sequence according to SEQ I D. No:
34, wher ewo 20uci3e@i de 252 of the nucl eoti de sequence a®COmEP20IQ/001252

SEQ ID. No: 34 is covalently linked to nucl eotide 123668 of the nucl eotide
sequence according to SEQ I D. NO: 20, wherein nucl eoti de 130670 of the

nucl eoti de sequence according to SEQ PD. N0: 20 i s coval ent| y linked to

nucl eotide 1 of the nucleotide sequence according to SEQ ID. No: 35, wherein

nucl edembedigEnbi9.t he hifc betathemeseiseasroeding do raay pet of smbpdimays 350 4,

coval . | nk t ti : 4 . ti qordi n
C o S i, MY Gk fbrPlicle 0 dofifprisis iy oot Qe SBHEhE, Ll METRIBRROLE 2
accor tiegerice cShiprisé€d Ndir&hickeic avidl seqidnge Irépresettedobynnudlestidedd tHh8EPPG30 @f t he
nucl eoti de sequence according. to SEQ I D NO: 2 Enbodi nent 21. The

bet a- ?pw}fcﬂw@ eSS r&j%l%ytoogé%ﬁ\g'ﬁ%g@i ﬁeﬁ?%ongef‘&}dfﬁt}&rw&ﬂ‘éﬁnﬁ?t he
bet a- h%g&@@ﬁféc{, GRARLHRES1B6BHCIELBOED DEAHEMRIcoNDE Y RerfcBead2brdifPtb de

sequence conprises a first nuclelc acid sequence represented by nucl eoti des
1 to 582Q2IDAdNO12A0¢a nhicd eutleatalesequente ecpresamtati ygnude@ides 11D]1 248 ®0] 81858 @fond

nucl eoti de sequence represented b I 59623 1o 181652 of the
nucl e Fd@uégglfgnégq%?(?g%r%‘?cﬁ 1% &%@%géaarﬁ ufthi Paglﬁﬂté‘?zeeosteﬂlée ce
sequengpres&RECIHNhECeideBUrdR0D] #e93I8A192 the MRRGAde Q&feaﬁchﬁe NatebRihg d6
sequence according to SEQ I D. NO: 20 and wherei n nucl eoti de 58442 of the

nucl ec3EQEDNQ 28 edifite oueldotidy seuere campuipin aimicleotide seruencs pedesding do

wher o T AUBISE g b TR R s olTEn B B BB SRR RutE bt ™
nucl eabiSE).Heyense according to SEQ ID.NO: 20 is covalently linked to the

nucl eoti de 189192 of the nucl eoti de sequence according to SEQ I D. NO: 20.
Enbodi nent 22. The bet a- herpesvirus according to any one of enbodinents 1 to

14, ' t a- i ) i i , :
gé())cp}n%n?ﬁ).e a ﬁ?erQag.%kfamﬁgrq%iu@g@goc‘f}gm%hﬂ%,S&Msm%de@aaée' n

t he nuc e Sequence conprises a Ic acl d sequence represented
by nucl226B0 defstht hucl&d#ié2saguendee acuoediagt todBEQAPIEO2D ac covalemty flimked to

SEQ 1 D. N0: 20, | eotid , d | eoti des. 59623
o 1BTUSIEoBHE | it I BPUER e QUanTE A B O g L N oGt WRTRD: BISIEaldE R7
nucl ey gle rﬁx%%ﬁﬂé%eid%ﬂ{:@ I@&ﬂ%&iﬁ%ﬁ&%hﬁ%é:dﬁﬁisl%%%ﬂ&oli;ﬁéa%lln&icoftihe

nucl eoti de sequence accor D. NO: 20 and a foudrth nucl eoti de
sequenk3668 wf thes nindeatide el enick decadipgan GEQER Y@i2AgwhereBE@ad]entids: 139570

Enbodi t 23. The beta- herpesviru | ng. to enbodi.nent 22, e

ool ectenadsnrstseadel Rrirabe SECHRT b2 s RufRRRE iTER ket 3o,
coval aft hiclbbiteedqhéhc et Raineds SEQ@ID.Noe 35 Ush&eini fiR1coEEL 8N GE tRCHRIdH A t O
SEQ I D. No: 32, wherein nucleotide 179 of the nucleotide sequence according
t o SEQefmEnne: acgording ¢o\REQAPINO135niseeovatentlyclinkad the nvolgoBdefl31 243 wiictheot i de

sequence, according to SEQ |1 D NQ; .wherein .nucl eot i de. of, e

el eqUEtRBEE sHuRdst Zegariniay o5 antiPn oSk i il TKizg 3 b

nucl eqhictttidd 8dfirn& adcblinte) SPQIIDENOEXLIE 36 ¢al& BOlikieddo haclSbkdd 3902 20.
the nucleotide sequence according to SEQ.ID.NO:20.

Embodiment 21. The beta-herpesvirus according to any one of embodiments 1 to 14,
wherein the beta-herpesvirus comprises a nucleotide sequence, wherein the nucleotide
sequence comprises a first nucleic acid sequence represented by nucleotides 1 to 58442 of the
nucleotide sequence according to SEQ.ID.NO:20, a second nucleotide sequence represented
by nucleotides 59623 to 181652 of the nucleotide sequence according to SEQ.ID.NO:20 and a
third nucleotide sequence represented by nucleotides 189192 to 233681 of the nucleotide
sequence according to SEQ.ID.NO:20 and wherein nucleotide 58442 of the nucleotide
sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 59623 of the
nucleotide sequence according to SEQ.ID.NO:20 and wherein nucleotide 181652 of the



Enbodi ment 24. The bet a- herpesvirus according to any one of enbodinents 1 to
14, wherein the beta-herpesvirus conprises a nucl eotide sequence, wherein

t he nucl ewDi2dBr/Sepuence conprises a first nucleic acid segmrree/odEpz esent ed
by nucleotides 1 to 62129 of the nucl eotide sequence according to
SEQ I D. NO: 20, a second nucl eoti de sequence represented by nucl eoti des 63261
to 181652 of the nucl eotide sequence é%cording to SEQID.NO:20 and a third

nucl eoti de sequence represented bé nucl eoti des 189192 to 233@81 of the
nucl eobyclrotisle giraHencearecarding got SEQHD.NB:Mb ip soxplentih dinked, tAUhE eRHGleRtidg2129

of the ' e I :20 is covalently |inked
to nuc}%??ggk%@ﬁ&g?@?ﬁ@eﬁﬁ% ggftdl?%%{ogséq 'e(ﬁr?gg)ggbordi ng to SEQ I D. NO: 20
and wherein the nucl eotide 181652 of the nucl eotide sequence according to
SEQ ID_NQ: 20 is_covalently linked to the nucleotide 189192 of th

nucl eoEi"\‘g@d%E%%ce abl% PRipTF RS Visoarderdine 2o anygie © embodiinents'T to 14,
2011/ 138040PGH Heelicth Q79 Zcohdprizd Ofli iR Rbtide - sEhcenlE! WHREAPORY! Antfeotid
accord%n%%to any one of en%odoiHn%nts 1 tuo 141f, V\Sh@feei n the t;et a- herpeoslvierus
conpr i sgeermervouipeists afirss agcleivceid sigeemderrepiesentedcheoudlendides duer8#dLohthei ses

first | ei id . d b | eot i. 1 to 62129 of th
ucl eobeRPTE siuites aEnnBerg Tor a0 RoNb G M ERE Srdeh e fPEE a8 uence
repr espnhélebtided WokeD 't d8365838H thet Auclélide ?se%ien'b@ QcéBHdingabi SIQ SEANB20E a

according to SEQ ID.NO:20, a third nucl eotide sequence represented by
nucl eothirdenucl®gide zequeneg Iepresafted by migtdodides 489 WqtpeA208d cefothgi musleaside

SEQ I D, NO: 20 and f our b4 de seq e | Si {i.de
seque n€a"4t¢o ?%ﬁoﬁ(gn% ot°s§gq)‘l‘5.?-ﬁgj:)‘5@ 33% dEﬁbgbg]?tﬁe Hﬁag@{ h 8&8’15 ﬁ %@ héglrn%g{ssi\}%r is
accor diniifedtide SeRAteROrdlhg toBEQIDINGLEY. eot i de 62129 of the nucl eoti de
sequence according to SEQID.N0:20 is covalently linked to nucleotide 1 of
t he nucl eoti de sequence according to SEQ ID. No: 33, wherein nucleotide 38
of th et | se ' i; [ Lnhked
fo nucP PR, 38 51 CarRe Rl BEARE SritadcBrdiind DhbBlimdsl B8 FRMEEM L5
and wh&g4dinofuhd enciedtdd tGiehcof adchrlimgiab eSEQAD.NO@ Qe i eowalerthydilinged do

SEQ ID. NO:20 is covalently linked to nucleqtid 9192 of the nucl eqtjde
seque n’_(’:"é\cl?"é’(t,’@s dfrige PB‘ggﬁdél BANRCE @."C‘EHB\%P %@ﬁ%ﬁ’ﬂﬁz Wg?rﬁl-"‘r%f“ﬁp]eé’é'\# ﬁ&g
accor dj et QYo @_@%&hc@ TR MoSSEQUD NG 33ME e dleriieliR&AnNRIdRG e US

conprises a nucleotide sequence,” wherein the nucl eotidé sequence conprises
a firsfi9a2dcbritie avcldotdysequace socesliong ¢o HQELNQ@A0 asb whergin 5844tide t he
nucl eot | sequence .accprding to SEQ,I| D. NOL20, econd nucl eoti.d uence
repr es_&h%ga ‘Btsﬂ}?um“é%‘i’tid%e§e%‘g%‘§_3 AWHHEE éﬁgtlpgNﬁ)u%q)é%tcf’&%egt qd'é’%g‘ietg
accor dhRgediide 38R 91 MNAe Alcledtideiefferit Gb&Rlind @0 SEQUENNO:2®Pr esent ed by

nucl eoti des 632161 to 181652 of the nucl eotide sequence according to

SEQ I D. NO: 20 and a fourth nucl eoti de sequence represented by nucl eoti des
189192t 336 of the nucl.eotide ccordin NO. .20, and
wher ei ﬁmﬁﬁ‘ilf’&,‘? %%Ie 58@252 ggt?'}{eﬁ%esﬁlﬁ?:ﬁs gcgﬁ%?%glg stgqactf1 n(gﬁee g{:tg%rb §|El%ént%ol o P4’
SEQ. | Dwh&rer0 the beViadrpédvings | donlgstibes (i Mucleotillé deqidde3 whikrdihetha unhdtaitidde
sequence according to SEQ I D. NO; 20, wherein the nucl eotjde 62129 of the
nucl eotedBencE€qMpRISes HEEH PHFIAY ack! ssEEENg IRpresentedby Bucleatides § o PAkElok Bet he
nucl eof | I i n [ . and
wher o IARURE S 50 BG5S PR IR B e B AR Bl SeleRs Birhgers

SEQ | DbNAuRébtides 6824l terit8ll 52 bhthe dutleotithesaquetcecictatdingdd BFL).0D. NM20 and a

nucl eot i de ence according to SEQ I D. NQ: 2 .
N thlird nusc eqolflide sequence reII)regented EY%UCBOU es (1)89192 to 233681 of the nucleotide

sequence according to SEQ.ID.NO:20 and wherein nucleotide 62129 of the nucleotide

sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 63261 of the
nucleotide sequence according to SEQ.ID.NO:20 and wherein the nucleotide 181652 of the
nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to the nucleotide
189192 of the nucleotide sequence according to SEQ.ID.NO:20.



WO 2011/ 138040PCT/ EP2011/ 002252 12 Enbodi nent 28. The bet a- her pesvi rus
according to any one of enbodinents 1 to 14, wherein the beta-herpesvirus
conpri seswe 2nuci3emi de sequence, wherein the nucl eoti depPsempPeoia@IRONPr i SES
a first nucleic acid sequence represented by nucleotides 1 to 58442 of the
nucl eoti de sequence according to SEQ | D. NO: 20, a second nucl eoti de sequence
represented by nucl eotides 59623 to 65129 of the nucl eotide sequence
according to SEQ ID. NO:20, a third nucl egti de sequen resent b

nucl eoﬁmg@&n@w . to el Bep-hemesyigusacaoeding de a@ég%neé eggeﬁmn 1y4

SEQ | vael gbegjl_)%o Hel sOH E‘cgﬁgirp‘?igesg %q‘ﬁﬁ@l%&léee@écg&eg& e@rh@béln{‘blﬁé enﬁfcléi‘»ﬁ%e

189192 e nucl e sequence acc Ing t a
fifth segaéneeicooprisescpifirse audeinpridsiengeree meprkentdddsy mmdﬁmrdeel axo:ébnﬂ mfghc 0

2 and t | eot | eotid
Sequerie caie sarg et acosronb i B BN E fernd TBleoReS BeiaMirerpistitrds
accor %WHuélébtﬁié‘E’%@Q@P% 1@%52%@&@ ﬁc%ﬁh@e&q&eaé%@dﬁ brsea@mmwds

t
sequence according to SEQ I : is covalently link eg to nucleotide 1 of
t he nubirdaticttetide gaguenee acmomitedgby cnuSEQ‘.ld@ NP1932to Whi8ai of thecnustrotide 179

of the nucl eotide.seque n I 2 | ent.ly || nked
fo nuCFBITIceSESRE dp PROTMSFLA g 8ehucidRusFarlers” Soaihot 20,
wher ei gucliétide 9ddudfeSactsRifd tot SEQMDN @I de sequence according to

SEQ I D.NO: 20 is covalently linked to nucleotide 1 of the nucl eotide

sequence accordlng to SEQ I D. No: 33, wherein nucleotide 38 of the

| i . 3
i eok gspaaiance ShEorhaone SEQ LRI LAl o R
wher eigpinacoedid haclksildd %eqﬁenbél &cﬁbﬂdi@ﬁ@ REQENNDRO accovalémly liaked to

SEQ I D. NO: 20 is covalentl i nked to nucleotlde 189192 of the nucl eotf | de
sequeriislestide dpfrthe mycleptilq WQNB“OE(PCCEH’H%M@%Q IBNe:p s peteseip duplest er ég

accor ding. 10, RAIKIORE %&BC@QP&% HE e#(??D%@o PR &laidn gpm&a ttaermefe%vluéus

conpri ses one or genes se romthe group comnprising
UL134,6326136f thdl.hﬂﬁleotli.ﬂel@équehﬂ:d.%corﬂh@Sﬁ) SHQ D NQR0 44nd lsdthbdﬁﬁl;l Iulclleﬂmde uL144
and UL 011/138

]8 652W? e nuc eot%%os%ggérﬁzlzzggc]é/r 13% 2t?)ZSEQ ID.NO:20 is covalently linked to

nucleotide 189192 of the nucleotide sequence according to SEQ.ID.NO:20.

Embodiment 27. The beta-herpesvirus according to any one of embodiments 1 to 14,
wherein the beta-herpesvirus comprises a nucleotide sequence, wherein the nucleotide
sequence comprises a first nucleic acid sequence represented by nucleotides 1 to 58442 of the
nucleotide sequence according to SEQ.ID.NO:20, a second nucleotide sequence represented
by nucleotides 59623 to 62129 of the nucleotide sequence according to SEQ.ID.NO:20, a
third nucleotide sequence represented by nucleotides 632161 to 181652 of the nucleotide
sequence according to SEQ.ID.NO:20 and a fourth nucleotide sequence represented by
nucleotides 189192 to 233681 of the nucleotide sequence according to SEQ.ID.NO:20 and
wherein nucleotide 58442 of the nucleotide sequence according to SEQ.ID.NO:20 is
covalently linked to nucleotide 59623 of the nucleotide sequence according to
SEQ.ID.NO:20, wherein the nucleotide 62129 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to the nucleotide 63261 of the nucleotide sequence
according to SEQ.ID.NO:20 and wherein the nucleotide 181652 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to the nucleotide 189192 of the nucleotide
sequence according to SEQ.ID.NO:20.



13 Enbodi nent 32. The bet a- her pesvirus according to any one of enbodi nents 1
to 31, wherein the beta-herpesvirus is deficient in at |east one gene
product ewoadadi3Byoan i mmune evasi ve gene. Enbodi ment 3®CThP2011/002252

bet a- her pesvirus according to enbodi nent 32, wherein the at | east one gene
product encoded by an i mmune evasivehgépe I's selected fromthe group

conpri sing gene products regul ating class | presentation and gene

products regulating NK cell response. Enhodi ment 34. The bet.a- herpesvi rus
accor dimbodigeatibdi mehie Baa-hgmesyrys #9rording tR A8y UKeolgembodimsaiict Bndoded

by an {fInue 4R gy 8 1 ng, Sycleotid
presentatlo tﬁE%Eo&%#ﬁeﬁpﬁ%%i?ﬁlﬁgetg egggi‘%/elr (rggég{'leg(&:ééor %?gl '([Hcl)@emg!)eglln%n
34, wheegadnee cheipgisssea firsodudtic aegideguéncy réficentedstsy nucbrotident &t 842 of the
sel ected, fraomthe group conprisi 6.,.,US3, U L1 US11l, UL83 an
a0, EsoURBrAuead: srogaE 10 S BANAL B ateopaiivg ept ok MRRER FePTOs8 S
wher eigy hﬁ@e&mek %@8?3 Q&%z@@@%fﬁﬁé)%%oﬁdhc QLRENQY a@BrdiREO SERY BSNR 208 1S
a gene “product regulating NK cell response.
third nucleotide sequence represented by nucleotides 63261 to 181652 of the nucleotide
sequence according to SEQ.ID.NO:20, a fourth nucleotide sequence represented by
nucleotides 189192 to 233681 of the nucleotide sequence according to SEQ.ID.NO:20, a fifth
nucleotide sequence comprising a nucleotide sequence according to SEQ.ID.No: 32 and a

sixth nucleotide sequence comprising a nucleotide sequence according to SEQ.ID.No: 33.

Embodiment 29. The beta-herpesvirus according to embodiment 28, wherein nucleotide
58442 of the nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to
nucleotide 1 of the nucleotide sequence according to SEQ.ID.No: 32, wherein nucleotide 179
of the nucleotide sequence according to SEQ.ID.No: 32 is covalently linked to nucleotide
59623 of the nucleotide sequence according to SEQ.ID.NO:20, wherein nucleotide 62129 of
the nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of
the nucleotide sequence according to SEQ.ID.No: 33, wherein nucleotide 38 of the nucleotide
sequence according to SEQ.ID.NO:33 is covalently linked to nucleotide 63261 of the
nucleotide sequence according to SEQ.ID.No: 20, and wherein nucleotide 181652 of the
nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 189192 of
the nucleotide sequence according to SEQ.ID.NO:20.

Embodiment 30. The beta-herpesvirus according to any one of embodiment 1 to 29,
wherein the beta-herpesvirus comprises one or more genes selected from the group
comprising UL133, UL134, UL135, UL136, UL137, UL138, UL139, UL140, UL141,
UL142, UL143, UL144 and UL145

Embodiment 31. The beta-herpesvirus according to any one of embodiment 1 to 30,

wherein the beta herpesvirus comprises the nucleotide sequence according to SEQ.ID.NO:23.



Enbodi ment 37. The bet a- herpesvirus according to enbodi nent 36, wherein the
gene product regulating NK cell response is selected fromthe group

conpri si /yogenei3pisoduct s encoded by the genes UL40, UL1@camp20din82252

Enbodi ment 38. The bet a- herpesvirus according to any one of enbodinents 1 to
37, wherein the beta-herpesvirus encoges a heterol ogous nucl eic acid.

Enbodi nent 39. The bet a- herpesvirus ac %rding to enbodi nent 41, wherein the
het er ol ogous nucleic acid is a functional. nucleic aCigé %rg%frably sel ect ed
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Enbodi nent 4 rpesvirus according to enbodi nen , Wherein the
nucl ei evasivegenes a nucl ei c acid coding for a peptide, oligopeptide,
pol ypepti de or protein.

Embodiment 33. The beta-herpesvirus according to embodiment 32, wherein the at least

one gene product encoded by an immune evasive gene is selected from the group comprising

gene products regulating MHC class I presentation and gene products regulating NK cell

response.

Embodiment 34. The beta-herpesvirus according to embodiment 33, wherein the at least
one gene product encoded by an immune evasive gene is a gene product regulating MHC

class I presentation.

Embodiment 35. The beta-herpesvirus according to embodiment 34, wherein the gene
product regulating MHC class I presentation is selected from the group comprising US6, US3,
US2, UL18, US11, ULS83 and UL40.

Embodiment 36. The beta-herpesvirus according to embodiment 33, wherein the at least
one gene product encoded by an immune evasive gene is a gene product regulating NK cell

response.

Embodiment 37. The beta-herpesvirus according to embodiment 36, wherein the gene
product regulating NK cell response is selected from the group comprising gene products

encoded by the genes UL40, UL16 and UL18.

Embodiment 38. The beta-herpesvirus according to any one of embodiments 1 to 37,

wherein the beta-herpesvirus encodes a heterologous nucleic acid.

Embodiment 39. The beta-herpesvirus according to embodiment 41, wherein the
heterologous nucleic acid is a functional nucleic acid, preferably selected from the group

comprising antisense molecules, ribozymes and RNA interference mediating nucleic acids.



Enbodi ment 41. The bet a- herpesvirus according to enbodi nent 40, wherein the
pepti de, oligopeptide, polypeptide or protein conprises at |east one

anti gen. WOROU/13BWD 42. The bet a- her pesvirus accordi ng t @Ca&Fpeelil/e2252 41,
wherein the antigen is an antigen selected fromthe group conprising viral
antigens, bacterial antigens and parasite antigens. Enbodi nent 43. The

bet a- her pesvirus according to any oneldf enbodinents 1 to 42 for or
suitable for use in a @g%&g for the treatnent of .a subpject and/or faor use

in a nemkedinef 40he vE BIESHFusAcsomsing o, crpbastimenieift, Wherep dhe nucleic

bet a- hgr pasv| Moo d =1 (;rlg,g tSipbj ect is a
manmmal ?le%%lgdg%fgﬁggﬁglﬁgn? Emm@@%%t@ﬁgx\@&%%er e%vi rus according to
enbodi ment 43 or 44, wherein the beta-herpesvirus is hunman cytonegal ovirus.
tE gbggl gr%%gdidrﬁ'n-trg F bet ?ﬁehgétg-%gr\geg\lf“{?us%%g(?rtifinlgnt e%n%o%?r}{en?r}l?), %er%%b&%“pg&? es, 43

oligopeptide, polypeptide or protein comprises at least one antigen.

Embodiment 42. The beta-herpesvirus according to embodiment 41, wherein the antigen
is an antigen selected from the group comprising viral antigens, bacterial antigens and parasite

antigens.

Embodiment 43. The beta-herpesvirus according to any one of embodiments 1 to 42 for
or suitable for use in a method for the treatment of a subject and/or for use in a method for the

vaccination of a subject.

Embodiment 44. The beta-herpesvirus according to embodiment 43, wherein the subject

is a mammal, preferably a human.

Embodiment 45. The beta-herpesvirus according to embodiment 43 or 44, wherein the

beta-herpesvirus is human cytomegalovirus.

Embodiment 46. The beta-herpesvirus according to any one of embodiments 43 to 45,

wherein the subject is suffering from a disease or is at risk of suffering from a disease.

Embodiment 47. The beta-herpesvirus according to any one of embodiments 43 to 46,

wherein the vaccination is a vaccination against a disease.

Embodiment 48. The beta-herpesvirus according to any one of embodiments 46 and 47,
wherein the disease is a disease or condition which is associated with beta-herpesvirus

infection, preferably human cytomegalovirus infection.

Embodiment 49. The beta-herpesvirus according to embodiment 48, wherein the disease

or condition is selected from the group comprising congenital inclusion disease.



wherein the subject is suffering froma disease or is at risk of suffering
froma di sease. Enbodi nent 47. The bet a- herpesvirus according to any one of
enbodi menve 248/1380446, wherein the vaccination i s a vaccipoatEreniagesnst a
di sease. Enbodi nent 48. The bet a- herpesvirus according to any one of

enbodi nents 46 and 47, wherein the disease is a disease or condition which
I s associ ated wth beta-herpesvirus i h?ection, preferably human

cytonegal ovirus infection. WO 2011/138040PCT/ EP2011/002252 _ 15 Emhodi nent
50. TheEmbedimeat pRsvi r [Re abelgrherPRVIeS aAsCosdiBe oftoe r@iydi Piht OEniSBICAEREY 43
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Embodiment 51. The beta-herpesvirus according to embodiment 50, wherein the
treatment is or is suitable for or capable of preventing the transfer of a beta-herpesvirus,
preferably human cytomegalovirus, from the female to a fetus and/or to an embryo carried or

to be carried in the future by the female.

Embodiment 52. The beta-herpesvirus according to embodiment 50, wherein the
treatment is for or is suitable for the generation of or capable of generating an immune
response in the female body or the immune response in the female body, whereby preferably
such immune response confers protection to a fetus and/or to an embryo carried or to be
carried in the future by the female against beta-herpesvirus, preferably human
cytomegalovirus, and/or a disease or condition associated with beta-herpesvirus infection,

preferably human cytomegalovirus infection.

Embodiment 53. Use of a beta-herpesvirus according to any of embodiments 1 to 47 for

the manufacture of a medicament.

Embodiment 54. Use according to embodiment 53, wherein the medicament is for the

treatment and/or prevention of beta-herpesvirus infection.

Embodiment 55. Use according to embodiment 53, wherein the medicament is for the
treatment and/or prevention of a disease or condition associated with beta-herpesvirus

infection, preferably human cytomegalovirus infection.

Embodiment 56. Use of a beta-herpesvirus according to any of embodiments 1 to 47 for

the manufacture of a vaccine.

Embodiment 57. Use according to embodiment 56, wherein the vaccine is for the

treatment and/or prevention of beta-herpesvirus infection.



treatnment is or is suitable for or capable of preventing the transfer of a
bet a- her pesvirus, preferably human cytonegal ovirus, fromthe female to a
fetus andwonotim3smoenbryo carried or to be carried in treT/EFRanmolzg2 t he
femal e. Enbodi ment 52. The bet a- herpesvirus according to enbodi nent 50,
wherein the treatnent is for or is suitable for the generation of or
capabl e of generating an i mune respof®e in the femal e body or the inmune
response in the femal e body, whereby preferably such i mune response
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bet a- hgfde€ion] proferdbly BahhwBytopiegiloviad nfdutiohn cyt onegal ovirus infection.
Enbodi ment 53. Use of a beta-herpesvirus according to any of enbodi nents 1
to 47 for the manufacture of a nedicanment. Enbodi nent 54. Use according to

enbodi %digfénbg@.er el Psd DRoFRR GAIR Une!of ef—r%%ngfrﬁ%é 56/} S WhePRRIR vaccine

prevenfion of beéta-herpesvirus inféection. odi nent 55.'Use according to
enbodi igentis SGitabid forethe atinénisteadionaensubject,f where bye ther sibjare st sedgvtiidoform the
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infected with HIV.

Embodiment 60. Use according to embodiment 59, wherein the donor is a potential

donor and/or the recipient is a potential recipient.

Embodiment 61. A nucleic acid coding for a beta-herpesvirus according to any of the

preceding embodiments.
Embodiment 62. A vector comprising the nucleic acid according to embodiment 61.

Embodiment 63. A vector comprising the nucleic acid according to embodiment 62,
wherein the vector comprises a nucleotide sequence, wherein the nucleotide sequence
comprises a first nucleic acid sequence represented by nucleotides 1 to 122630 of the
nucleotide sequence according to SEQ.ID.NO:20, a second nucleotide sequence represented
by nucleotides 123668 to 233681 of the nucleotide sequence according to SEQ.ID.NO:20 and
wherein nucleotide 122630 of the nucleotide sequence according to SEQ.ID.NO:20 is
covalently linked to nucleotide 123688 of the nucleotide sequence according to
SEQ.ID.NO:20.

Embodiment 64. A vector comprising the nucleic acid according to embodiment 62,
wherein the vector comprises a nucleotide sequence, wherein the nucleotide sequence
comprises a first nucleic acid sequence represented by nucleotides 1 to 122630 of the
nucleotide sequence according to SEQ.ID.NO:20, a second nucleotide sequence represented

by nucleotides 123668 to 233681 of the nucleotide sequence according to SEQ.ID.NO: 20



WO 2011/ 138040PCT/ EP2011/ 002252 16 Enbodi nent 58. Use according to
enbodi nent 57, wherein the vaccine is for the treatnent and/or prevention
of a di seaeeoari3s@ndi ti on associ ated with beta-her pesvi Pus/EP2di@odi26N,
preferably human cytonegal ovirus infection. Enbodi nent 59. Use according to
any one of enbodinments 56 to 58, wherein the vaccine is or is suitable for
the admnistration to a subject, mheréby the subject is selected formthe
group conprising a pregnant female, a fenmale of reproductjve age, a_donor
of a tangns ghighnucleptidseaanse compaisingmaysleaiide sgguence gprasdingia SFRIRMNRt ed
with HyV or being at risk of being infected with H'V. Enmbodi ment 60. Use
according to enbodi nent 59, wherein the donor is a potential donor and/or
the recipient is a potential recipient. Enbodi ment 61. A nucleic acid coding
for a beta-herpesvirus accordin o any of the precedi.ng embodi :

EmbodimenP 65. The vector accgrdring to eymbodiment 4 wchere!in %ucleot(l) eI {3?2%%8 of

the nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of

the nucleotide sequence according to SEQ.ID.No: 34 and wherein nucleotide 252 of the

nucleotide sequence according to SEQ.ID.No: 34 is covalently linked to nucleotide 123668 of

the nucleotide sequence according to SEQ.ID.NO: 20.

Embodiment 66. A vector comprising the nucleic acid according to embodiment 62,
wherein the vector comprises a nucleotide sequence, wherein the nucleotide sequence
comprises a first nucleic acid sequence represented by nucleotides 1 to 122630 of the
nucleotide sequence according to SEQ.ID.NO:20, a second nucleotide sequence represented
by nucleotides 123668 to 130670 of the nucleotide sequence according to SEQ.ID.NO:20, a
third nucleotide sequence represented by nucleotides 131243 to 233681 of the nucleotide
sequence according to SEQ.ID.NO: 20 and wherein nucleotide 122630 of the nucleotide
sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 123668 of the
nucleotide sequence according to SEQ.ID.NO:20 and wherein the nucleotide 130670 of the
nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to the nucleotide
131243 of the nucleotide sequence according to SEQ.ID.NO:20.

Embodiment 67. A vector comprising the nucleic acid according to embodiment 62,
wherein the vector comprises a nucleotide sequence, wherein the nucleotide sequence
comprises a first nucleic acid sequence represented by nucleotides 1 to 122630 of the
nucleotide sequence according to SEQ.ID.NO:20, a second nucleotide sequence represented
by nucleotides 123668 to 130670 of the nucleotide sequence according to SEQ.ID.NO:20, a
third nucleotide sequence represented by nucleotides 131243 to 233681 of the nucleotide
sequenée according to SEQ.ID.NO:20, a third nucleotide sequence comprising a nucleotide
sequence according to SEQ.ID.No: 34 and a fourth nucleotide sequence comprising a

nucleotide sequence according to SEQ.ID.No: 35

Embodiment 68. The vector according to embodiment 67, wherein nucleotide 122630 of

the nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of



Enbodi ment 62. A vector conprising the nucleic acid according to enbodi nent
61. Enbodi nent 63. A vector conprising the nucleic acid according to

enbodi nenvo@ai1/sB@nei n t he vector conprises a nucl eoti decyampo@noez2snher ei n
t he nucl eoti de sequence conprises a first nucleic acid sequence represented
by nucleotides 1 to 122630 of the nucl eotide sequence according to

SEQ I D. NO: 20, a second nucl eoti de seqU%nce represented by nucl eoti des
123668 to 233681 of the nucl eotide sequence according to SEQ I D. NO; 20 and
wher ei the naialeatide deequonw3 geesrdingeton SHQHN9e Hbqwberes auelsptdn 5200t the

SEQ | : 20 vl t9..NuCl ent i l.eat jed
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nuc: eithe auictboadecyedﬁeig; tanc:enalmylﬁitmsﬁ(%..N_(\;\;ﬁe,r eihereih enueeotide 1GOGTO }o:fethea

nucl eot1 de sequence, ereln the nucleqQtide sequence conprises a Ti t

nucl ei la{cgeaﬂée Seafisont acqoedipgde &E&I%@Qfgéu%swﬁ%glmh%dfgp m@og‘sﬁ? A1 the

nucl e%dc%gﬁggétﬁ{]égfee%{cﬁ it ROSEQ. 1B 13 MY Wherefd MREAAM BHG BRIAKEoAREUENCE

represente | des” 123668 to 233681 of the nucleotide sequence
accor diequertco BEQiny MO SEXQ.IDWD 3011/ ¢@8detdlipCinke? 6l huolkatd? 13724 df dhe hi r d

nucl eoti de .sequence conpy.i Sj | eot i de sequence according to
SEQ | gqngot@a?ecgﬁ%edqqqgﬁiﬁn @%@I@éﬁqgﬁ according to embodi ment 64, wherein
nucl eoti de 122630 of the nucl eoti de sequence according to SEQ ID.NO:20 is

covalently linked to nucleotide 1 of the nucleotide sequence according to
SEQ. | imbodigwntbd wheh evagtaruestnapnising ts puelpict #rid ragedrdity e eowgdionang 62,
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comprises a first nucleic acid sequence represented by nucleotides 1 to 58442 of the
nucleotide sequence according to SEQ.ID.NO:20, a second nucleotide sequence represented
by nucleotides 59623 to 233681 of the nucleotide sequence according to SEQ.ID.NO:20 and
wherein nucleotide 58442 of the nucleotide sequence according to SEQ.ID.NO:20 is
covalently linked to nucleotide 59623 of the nucleotide sequence according to

SEQ.ID.NO:20.

Embodiment 70. A vector comprising the nucleic acid according to embodiment 62,
wherein the vector comprises a nucleotide sequence, wherein the nucleotide sequence
comprises a first nucleic acid sequence represented by nucleotides 1 to 58442 of the
nucleotide sequence according to SEQ.ID.NO:20, a second nucleotide sequence représented
by nucleotides 59623 to 233681 of the nucleotide sequence according to SEQ.ID.NO: 20 and

a third nucleotide sequence comprising a nucleotide sequence according to SEQ.ID.No: 32.

Embodiment 71. The vector according to embodiment 70, wherein nucleotide 58442 of
the nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of
the nucleotide sequence according to SEQ.ID.No: 32 and wherein nucleotide 179 of the
nucleotide sequence according to SEQ.ID.No: 32 is covalently linked to nucleotide 59623 of
the nucleotide sequence according to SEQ.ID.NO: 20.

Embodiment 72. A vector comprising the nucleic acid according to embodiment 62,
wherein the vector comprises a nucleotide sequence, wherein the nucleotide sequence

comprises a first nucleic acid sequence represented by nucleotides 1 to 62129 of the



Enbodi ment 66. A vector conprising the nucleic acid according to enbodi nent
62, wherein the vector conprises a nucl eotide sequence, wherein the

nucl eot i cwoenussEe conprises a first nucleic acid sequenctEre@pinexsnt ed by
nucl eotides 1 to 122630 of the nucleotide sequence according to
SEQ I D. NO: 20, a second nucl eoti de sequence represented by nucl eoti des
123668 to 130670 of the nucl eotide sedlience according to SEQ I D. NO: 20, a

third nucl eotide sequence represented hy nucle tidFs, 31243 to 233681  of
the nuiickatidasequsiceaecoraing dp Aty IP NQED ¢ sroand mislegtide gefiiearnreRisFRSHi de

122630b>9f1u51&ﬁ1d3§'%§%’1t iod%ggg‘ﬂ;b?’lft}ﬁnﬁﬁg&[&i RfudriRe Ll g'\@?@.lﬁl\@!@'aﬁ&t ly

| i nkedto nucl eotide 12 e nucl eoti'de sequenc ding to
SEQ | Dahireid0 nacldotidiee r62il 29 t dife tiu oluelebtide se806Gic0 adcordimg ntoc SEQLIRINGs2Quence

according tq SEQ I D. NO: 20 i s. covalently |inked to.the nucl eotide 131243 of
the n u‘Eﬂ"glﬁf‘ﬁH e %’Sgﬁfﬁe H en‘é‘é‘é‘m‘@i rélngg Q.tﬁ‘eD. RiFleBide T BERNGE n AOEOFIIRE dR+ or
conpri §gQgpie:Joucl ei ¢ acid according to enbodi nent 62, wherein the vector

conprises a nucl eotide sequence, wherein the nucl eotide sequence conprises
a first nucleic acid sequence represented by nucleotides 1 to 122630 of the

nucl eot.i de..se ce agcording to.SEQ. I D. NO: 20, .a second nucl geot.ide sgguence
repr eg% 8%‘“1?392ch eoti &1 . S ﬂf%(% . ICO?CI HEM (I:I}%a(t)(f i“de OSb‘g%“éné;%
accor divhgretnO thREQedtbr NOngRises af MuEidotidic lseqlentle SheieaNGRe NMRIcBEENtRGudtice

nucl eoti des 131243 to 233681 of the nucleotide sequence accordlgg to

SEQ | C:ONprzes aa firsti pecleigcdadt seduensagieprrsanted iyt ingrlgatidesniicioe 82128k of ehitience
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nucl eo equence acco

2011/ 188040 ER2DA11100XB3B8 P of thet inelevtidt seductles s@qriing & S8EQADINOY 20 and
SEQ I D. No:. 34, wherein nucleotide 252 of the nucl eotj.de S§E§%Efﬁ gfcording
to SEQ thisdnpiclegitds sequsnen OmAriping Rudeqtisle sEqYeass perording HEBEQHD e 33

nucl eoti de sequence according to SEQ I D. NO: 20, wherein nucl eotide 130670 of
t he nucl eoti de sequence according to SEQ ID.NO:20 is covalently linked to
nucl ecEintediineaf 74.he nlixd eatdordecorting e embhodioredt A3, whberSEQuuddtinle 63 29 od

wherei n nucl eotide 67 of the nucleotide sequence accqrding to SEQ | D. NO: 35
e ovBE I qT RSP b1 SECIBBRI0M e Ae Beh de POgRTRIb O
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acid accordi ng to enbodi nent , Wherein the vector conprises a nucleotide
sequenueleotide sequencd acagnding te SHQ.Bdloehs és evmanilydinked 1o nucleotidsl 63261 adi d

sequence represented by nucl eoti ) 28442 of the nucl eotide sequence
accor df ﬁ(‘j‘ufelgo%%deﬂt‘f%ﬁ:aﬁffrglé‘gg‘é?gg@@wg ti de sequence represented by

nucl eoti des 59623 to 233681 of the nucl eotide sequence according to
SEQ. I D. NO: 20 and_wher ein nucl eoti de 58442 of the nucl eotide seguence
accor dimbodigesEe-1 D. NY: vgtarscerppatieg tthe) nuelgiceacid cacaprdingote ¢abodapent of2.t he

nuch e e SOEP SRS S SR Bo 0 RO okl S5
comprises a first nucleic acid sequence represented by nucleotides 1 to 58442 of the
nucleotide sequence according to SEQ.ID.NO:20, a second nucleotide sequence represented
by nucleotides 59623 to 62129 of the nucleotide sequence according to SEQ.ID.NO:20, a
third nucleotide sequence represented by nucleotides 63261 to 233681 of the nucleotide
sequence according to SEQ.ID.NO: 20 and wherein nucleotide 58442 of the nucleotide
sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 59623 of the
nucleotide sequence according to SEQ.ID.NO:20 and wherein the nucleotide 62129 of the
nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to the nucleotide 63261

of the nucleotide sequence according to SEQ.ID.NO:20.

Embodiment 76. A vector comprising the nucleic acid according to embodiment 62,

wherein the vector comprises a nucleotide sequence, wherein the nucleotide sequence



wherein the vector conprises a nucl eotide sequence, wherein the nucleotide
sequence conprises a first nucleic acid sequence represented by nucl eoti des
1 to 5844M0¢P11y138040ucl eot i de sequence accordi ng to SEQ PDINP2®10/00225%econd
nucl eoti de sequence represented by nucl eoti des 59623 to 233681 of the

nucl eoti de sequence according to SEQ ID.NO 20 and a third nucl eotide
sequence conprising a nucl eotide sequ@ ce according to SEQ I D. No: 32
Enbodi ment | 71. The vector acgordi ng to enbodi nent 70, wherein eqt i de
58442 EAMPHSES i dITeloAPElECs &Y e#&@eryecmpa?%teéobssmcleﬂlﬁ%: Jot9 égmﬁe% y

|i nkedpi@edtide! 20EdrAE adcBhinkhe SGIBNO 3D §SBURAGRICROHAE ALNRENEL reprlehiddNo:
79 of tﬁ

32 and wherei n nucl eoti de e nucl eotide sequence according to
SEQ | DbNoucldgtides 9231 tontA129| afnthe chucteotide Iseptence a&@6didg ab IER.ININO 20t iade

ing to SEQ 1D NQ ,20. Enbadj 2. ising th
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nucl ei ¢ acid sequence represented by nucleotides 1 to 62129 of the WD
2011/ 18Q04TRCTLEPI0g 1¥00(§p£22512D-N>: ndk | andt ad&fth enuddentisleasemen¢an gomprising a

SEQ | D%ﬁéo%%e Sg%lise%geog&o?&ﬁ%goo§]i£§quI@Ig,ugnce represented by nucl eoti des 63261
or 't | ¢ L

to 233 nucleo sequéence daccording to SEQ I D. NO: 20 and wherein
nucl eoti de 62129 of the nucl eoti de sequence according to SEQ ID.NO:20 is
covalently linked to nucleotide 63261 of the nucleotide sequence accor di ng

to SECEMbodimend 7 Enbolinrssiior7accardiag @ embedigians /g Whereimpedlentideatdsg? of
accor dfh@%u%%oﬁ&@?&iu@ﬁ% a&%rding to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of

the nucleotide sequence according to SEQ.ID.No: 32, wherein nucleotide 179 of the
nucleotide sequence according to SEQ.ID.No: 32 is covalently linked to nucleotide 59623 of
the nucleotide sequence according to SEQ.ID.NO:20, wherein nucleotide 62129 of the
nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 33 and wherein nucleotide 38 of the nucleotide
sequence according to SEQ.ID.NO:33 is covalently linked to nucleotide 632161 of the
nucleotide sequence according to SEQ.ID.No: 20.

Embodiment 78. A host cell comprising a nucleic acid according to embodiment 61 or a

vector according to any one of embodiments 62 to 77.

Embodiment 79. A pharmaceutical composition comprising a beta-herpesvirus according
to any one of the preceding embodiments, a nucleic acid according to embodiment 61 and/or a
vector according to any one of the preceding embodiments, and a pharmaceutically acceptable

carrier.

The present inventors have surprisingly found that the infection of endothelial cells of a host
organism such as man by beta-herpesvirus and more specifically CMV of the invention will
result in eliciting an immune response against CMV. More specifically, the immune response
is an anti-CMV response which comprises neutralizing antibodies against beta-herpesvirus
and CD4" and CD8" T-cells directed against epitopes of beta-herpesvirus. Furthermore, the
present inventors have surprisingly found that such immune response can be elicited by the

beta-herpesvirus and more specifically the human cytomegalovirus of the invention being



wherein the vector conprises a nucl eotide sequence, wherein the nucleotide
sequence conprises a first nucleic acid sequence represented by nucl eoti des
1 to 621290ab11ri3eo4nucl eot i de sequence accordi ng to SEQ PDINP2@0/00255econd
nucl eoti de sequence represented by nucl eoti des 63261 to 233681 of the

nucl eoti de sequence according to SEQ ID.NO 20 and a third nucl eotide
sequence conprising a nucl eotide sequ%hce according to SEQ I D. No: 33

Enbodi ment  74. The vector according to enbodi nent, 73, wherein nucle tige
62129 wreadmdetisisat.dbhasde bsaghravedgsd brtanyshersctsristic fsatyge. ambodimentaf apd | y
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reprezfnted.bé nucleotide§ 29623 0.62%?9.%f th nucleot%ﬁe sequence
accor diPHG FENSEBPBIRIP 28! X YRTEAPLVITE I ot HelS Lo eRied WS RIEEMCERUER
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SEQ I D. NO. 20 and wherein nucl eoti de 58442 of the nucl eotide sequence

accor otetly explageuncriow 2o vive ewpplemgatajion ibglveaent ¢ytomegaoingevasigpts3ndpet he
| eot dirng. 1\D. NO: i i d
65106 L2 FHHERE BofET kT Soan : A ufras Y WP [5bdlnE fediafahe 'V

| i nkedaritidotiiee apaifsteOViVlB @IZ&GILbw infedtionwith @adiuse @nd égiandEMAG do hthusg ahd
SEQ I D. NO: 20. WD 2011/ 138040PCT/ EP2011/ 002252 20 conprises a first .nucleic
aci d St eespeepicbsdinel. Hy Enard SoR: gbsllamy H¥ghoragierizafionpfneytaliziae

seque W oRE : . Sec 180 RE &

;epr eotonddl Shthag, i MR Pee Byt EE oo AT ST PFEIERER Farre.
accor din@. tand SEQR. 3Hella0,1981 t Bratettionchgnirist deurseq ugtomegalopires enfe@nby

nucl eoti des 63261 to 233681 of the nucl eotide seqyenc ccordi ng,t

SEQ | PR SGAnSIen o RUFaHEIER 808 POR TERaLTEBR PR CHEbR Fudi B VESls Byuence
accor d{ PY 159485S6! Bebi, G2 Anek a1.f bhdd Huﬁhmgtdiﬁer%ﬁqmgcs%nﬁ@%tranﬂg a
nucl eoti de sequence according to SEQ I D. No: 33. Enbodi nent 77. The vector

accor dintipodies blvsh dime mfecdn ofteadethelial(epitbelial dells Suumotdibrotiasts eetly duiing
sequence accor.di.n 0~SEQ,! D, NR;. LS.coval ently linke o _nucl eotide 1 of
he" nueTEgs: BE<UBt L CEr Bk dr T RO abb (Rich hePiEenEh e 170
of t hecHabeh@Rtit CDSCUURNGEspRAS) sl taBed By Feclida Nath Bause in@ tiadaarey, lih nked
to nucl eoti de 59623 of the nucleotide sequence according to SEQ I D. NO: 20,

wher ei mowsscarsbhumen, geaestively+ #rd hec Rleanst ddensiseuldneticsaesiei He et al., 2003.
SEQ | - 20. is..coval ent li% . . a0t i Ee)j ? % &‘n
S R bt AR YR 521 kB L Ef e
nucl eot70dB022e2020nKarras; €Nl 3004 Fipahdibh NP p@iedtive CD&H €kl yYedpbnses diriven
nucl eoti de 632161 of the nucl eoti de sequence according to S(Iiz_% | D._No; 20.
by recombinant cytomegaloviruses. J. Virol. 78:2255-2264; Klenerman, P. and P. R. Dunbar,
2008. CMYV and the art of memory maintenance. Immunity. 29:520-522; Komatsu, H. et al.,
2003. Population analysis of antiviral T cell responses using MHC class I-peptide tetramers.
Clin. Exp. Immunol. 134:9-12;). In connection with the present invention a person skilled in
the art will also acknowledge that a murine CMV gene can replace a homolog of said murine
CMV gene in a human CMV. (Schnee, M. et al., 2006. Common and specific properties of
herpesvirus UL34/UL31 protein family members revealed by protein complementation assay.

J Virol 80:11658-11666)

In a preferred embodiment the beta-herpesvirus according to the present invention is different

from the Towne strain as described by Liu et al. in US Patent 7,407,744, i.e. a Towne strain



Enbodi ment 78. A host cell conprising a nucleic acid according to enbodi nent
61 or a vector according to any one of enbodinents 62 to 77. Enbodi nent

79. A pharweaceurisgab conposition conprising a beta-her pegeirmpsoaosnsdi ng to
any one of the precedi ng enbodi nents, a nucleic acid according to

enbodi nent 61 and/or a vector according to any one of the preceding

enbodi nents, and a pharnmaceutically at€teptable carrier. The present

i h isingly f dth he i nf i f dot hel i |
of o hoberechg aRErUbbih Ual Har b3 hdle e LS bRl AocObibb GHb y

CW of [ [ i ' i Gl bt | €A AGRLASE
. VB SEFRS LA g DRI e BeiBl ol £ o o PGS A 2R
conpr i skidednimuthe adri ®ilh furdret iabladivdedgegthandie Tetree Stexip ésuotr erslotretio®opie andd
CD8+ T-cells direct egg[/agai ns{ epitopes of beta-herpesvirus. Furthernore,
the priasalio 3 drfestivergl/BL¢em@tEpri si ngly found that such inmune response can
be elicited by the beta-herpesvirus and nore specifically the human
cytonegal ovirus of the invention being WO 2011/138040PCT/ EP2011/002252 21
spr eadinde ffughernpreferted hasbadimbet  the Kretawherggsirus mtordimg  tohtheapresgnit gnyention
feature, enbodi nent .of and any stat 40 relation to

bet a- h‘éorr?)%rﬁ??ﬁ‘g@&o %c%qﬁ?cﬁ#f%gméﬁﬁﬁggﬁ%jgppl ies to human CW.
Furthernore, it will be acknow edged that the beta-herpesvirus according to
the present invention wll, in a preferred enbodi ment, exhibit the

f ol | owinngilkfrathge preférsed embedimenisidie \bstp-iaapesyirs acemdingip ithre presens fevantion| v
CwW: nul tipl e dnfection cgur with nmouse and human CW, in nouse and
hunan,lsrdétisfﬁg%ttf:o%ﬁ@? T@ﬁé%%%ﬁﬁ', S. B. et al., 2001. Intrauterine

transm ssion of cytonegalovirus to infants of wonen with preconcepti onal
immunity. N Engl. J Med 344:1366-1371; Cicin-Sain, L. et al., dgg%f:

Fr equebireed rdaficeant gs used bereiry peghsrabiy geaps dhat dhe virps Which i shrprdsagdifienti on
bet wee ' I 2\ 131 e bkt A6 T frifdhed éef. SRy NAS LiralDNAT 1!

70: 000 L 5EIPAENG Uil Pl Bichib R THE il o, R Ry 1B e

agai nsteplidded, the airabgrdging nteept thane witith audadetaddn houoadarCeMyith therpresentand
human, . respectively (Farrell, . H E and G, R Shellam 1990.

Char act¥FRtios 376 xfesiraLiny Be 18RFEY Sl F ARl o b SEePRAS R, prexpressed.

Cyt Onellﬂ@}eﬁgﬁ'efél@bly‘]all G- I%Jg%tein_z hrd eXPresiba Opar Ridiatd &itF bt thevirks indhd G

R Shell a 19917 Protection against nurine cytomegal oviTus infection by
passi veell, mdessbgy preferaldys thalcelliingn andbthddial ard/or an epitheliaheglb diherassay which
ant i bodi es Gen.. Viraol,. 72 . 1):149-156;: Cenn, A e | .. 2008.
i BATCHEbY Soing-Sarine qeth P nrengmrRi Boostisring Fhefr s on

of endpi e isapleadideheich@ls &Btdised Rudin AOExAPIab! asts, early during prinary
infection. J. Gen. Virol. 89:853-865); nenory inflation, which represents a
very characteristic CD8+ T cell response, is caused by infection with nouse
and hugan. j S n n ' has: al Ldeatkcal

ki net i ggw‘&%ee@?“ﬁ?&aéﬁ agrpge;fgr% 3‘?5‘3{?/2‘?}-%?‘%6\%% e g}{r%?“ggsn‘ts i%ﬂ%gg%éegpg trus
accunudtidin Whi¢H hanbéeni salatedDBdm TitCaathve Ivseand iwkich has hiamataiakd its ability to

170: 2022-2029; Karrer, U et al. 2004. Expansi on Qf protecti &e CD8+ T-cell
r esponisdest andarhsliah gellsda dispieaure Meggspeniacally fhe wild fyps hymgan CHEY shaig a5064.
Kl ener i a CWe 3Bkt DE 185 LURH3ABORLYS, UL136

mai nt e a%é%ﬁyI%ﬁﬁ}ﬁ%@é@%?gg%g&gﬁét s%,%g%fs gt g?U 2%)0’3. Popul ati on
anal ysU£1817, ©hi38;i URI3%, GEI140,ri€k pbndék14%5ilgl4%iTc] 46 saind- PEp4S ¢€hd et mhner s.

Cin. Exp. | nol. 134:9-12:), In ¢ ction with the present | tion a
per sonSUPkd) anddmpse %H‘?E‘%'éfﬁy \%hq %"‘lgltw §@E§6Wl@o?§epff 13bly, ug‘ﬁfﬁ?{gl"‘d@ﬁ%@#@ can
repl acg, AFPABA LY SRzeeREthl MYINRulARY o8 ERReraNVirolbEFR B0, B9 7L SLhnehn dval. et

al ., 2006. Common an§ specific properties of herpesvirus UL34/UL31 protein

fani | y20f2nb¥iimel.r B¢ ) 885 bySp5)ansor TRHT-Brei-ERTHISEQ HANO:30)MScoivano, L.
80: 116(35t8£l.],' ]2%(}?) HW gp]f%'c{dl gr?cp lclglf) ro/plEsernzg.rleléggr%qziggd by distinct virus populations.
PLoS. Pathog. 7:¢1001256) for human CMV or Smith strain for MCMV (Rawlinson et ai.
1996 J Virol 70:8833-8849). In a preferred embodiment of the present invention the wild type
CMV strain as preferably used herein comprises a nucleotide sequence according to

SEQ.ID.No:23. The sequence of the pTB40E-BAC4-FRT, which is the molecular infectious



22 where the genes UL133, UL134, UL135, UL136, UL137, UL138, UL139, UL140,
UL141, UL142, UL143, UL144, and UL145 are del eted, preferably conpared to
wild typeworopersan skilled in the art will further ackmronirrdge/ovizar t he
Towne strain is not endotheliotropic and has also a defective gH gL
conplex. In a further preferred enbodjpent the beta-herpesvirus accordi ng
to the present invention conprises a fiticl eot i de sequence according to

SEQ ID.No:23. In still further preferred enbodi nent the beta-herpgsvirus
accor dBA§ sk aprasdiagtoj hRBAMEBACHER] hae thenpuglentider srausmicetrsosipgita.

Spr eadg ggﬁﬁb%t as used herein, preferably neans that the virus which is
spread-% Icient infects a cell and no viral particle is released fromthe
i nf ect $ald pFB4OEVBREEPRT reconsistihg DNAiralsseqeqices ete@ded biat Vi 1865Pand by mé

except ich are del et in accordance w,th t e invention are
expr o5 Ml ST PRRL o ve et BOKT seiedren HRSpetis b1 b SLPE RS e/ 6sps
expr esgéted #R"Be PEMANARNINoMddgdl fidl a0 BACINSHNSuA 8§ PIH4OESBACALIRT
medi ate entry of the virus into a cell, whereby, preferably, the cell is an

endot hedmprisizgha vons genceps suvhl asathe yelub gemime af I8¢ AG4FR Toisediroutas|iy Eused

i n accordanc i.th the invention so as tqo deter.nmne . not
L e o BRETrB e pudlrorler 3Bk R B bR sPlnehs SEGeREM 1 SESIOHQ-20, e
CW ' st s@balaftlyPlitdeataBlivestiRdl HEMhe indcleBadsSseliéice tabeoriling4s SEE).ED.NO:20. A

bet a- her pesvirus strain which has been isolated fromits native host and

whi ch prasomekiledimére art svilloknaw ynethodsnfos decanstigthal vimes feem| s BAL plasmid

cul ture, ke Lhi . W . al r y
sed rrui SRR SRt o SRS, sHEBAMIE Ry AR, TOpPR LA X
UL137, fréha 40BLB A0 4-TR T 6mptikihg the Vikal 42norhlk A BB4OE-BKC4-ERA. Sudmefldda et

al . supr a)jqu?nd nore specifically the wild type COW strain as preferably
used hermpriseiagongathers Hapsigotion o selly, epmpyeipg gpmplemenyng colliur nal of Gener al
Vi rol ogy, 80,2867-2877; Hahn et al. 2002 J Virol. 76(18): 9551-9555) and/or
TB40E- BAC4- FRT (SEQ I D. NO: 20) (Scrivano, L. et al., 2011. HCW spread and
cel | tAspsahhereia, thetienmi‘duftidny inlaslehstiame\gene pruoptil mefeabdy mehusSthaPdiernog.

U oy 5T b SRR o P B e 5 M S RN, B o v
Wil d typeiaMhalpdhile 88 pRiiGhEfaRlikg YRRHeXRERIdh SAAPEéRE] nBH 0ROkt 188t
sequence according to SEQ. | D. No: 23” The sequence of "t he pTB40E- BACA- FRT,

whi ch ére afltbe fivictiond displayddeloy saidi genayyvodadtiin 188014 PR HR0 Pr¢focdhs 2aid3t BAC

P 95T R TS5 B el L SRR RO o

encodegkttepbsvirub8AGDprafecatdy, dlf oft 8R1QACEIROFH IsaiBEerweplodast iBAke SEIQUEPEES
represented by nt 181653-189191. A person skilled in the art wll

acknowstesiry aret o shewmAthip Imaynbeithsresulael » rempletaaraartimdaeingn orsmy@tian @i r us

genomne, such . V] e ofe T -ERT | L.r Gul ks i
Phor of bF S50 E3ihe Pl Eer 33RERe i F FERRICR il deffihitd Aluskngor 9
SEQ. | DhNki2 Qacids comtvallingtthy dxiprdssidnt of miwelgend icdeing of saidegenec padutideof a
sequence according to SEQ I D. NO: 20, A person skilled in the art will know
met hod@uscgHon @Ewgg?rtemred%twrr%hq nhhitorspicthe PHERVIge EORPFIE SERAGPIREC | 1 al
genone of said virus, for exanple for reconstitute TB40OE- BAC4- FRT from
pTB40E- BAC4- FRT conprising the viral genone of TB40E- BAC4- FRT. Such net hods
conpr i Aeuswidrereing the tesmt ‘RANAfie odpilicatedT predérbbly nocamp thas thegreplication weenrs hige

cells. . . . .
replication of a wild type virus.

As used herein, a wild type-like virion surface is preferably a surface displayed by a beta-
herpesvirus of the wild type as defined herein, more specifically by a cytomegalovirus wild
type strain as defined herein. The molecules which are used to define the surface displayed by
a beta-herpesvirus of the wild type are glycoproteins expressed by said wild type virus
mediating the entry of said wild type virus into a cell, preferably an endothelial cell. In other

words, a virus according to the present invention having a wild type-like virion surface has a



As used herein, the term"deficient in at |east one gene product”
preferably neans that the at | east one gene product which is a biochem cal
mat eri al wWochiizss@onucl ei ¢ aci d, DNA, RNA or a pepti de, POOIBPR@EP0DILE2 Or
protein, resulting from expression of the gene does not show at | east one
of the functions displayed by said gepe product in the wild type strain.
Preferably, said at | east one of the flincti ons not shown is the function
which is responsible fqr spread of the b ta-Perpesv' rus. Al so preferably,
al | of VifiRe suffAeq Moy gftes ifectipenet primanctibioklasiie disp aerswﬁépge%itﬁe &8 not
shown. I . 0 : =1 ' ation
of et JeurRoRY, WenclP g F5ntaft idnBE royt asE 0L HBMICERRS LAt R, o
of a mheatildtype ofrus based valvdiich theidtletions metd ommgay bemade tegsicate dfe wihes ofene

codi ng.of sai d. gene product, of a trunpcation.of sajd gene praduct, or of
Che. | nREBIEEBHISENGD 10E It TeRation fidhe cyRReiot sh glycomREptsdnosmstorther he
term " g skﬁle]geg lﬂ}M&ﬁ sftxh miy 8k %ﬁ’@hﬁed@ﬁﬁgluﬁﬁlﬁhj&éﬁﬁﬂm of alasPEpeefrbmby | | ke

replication o ype virus. As used herein, a wild type-like virion

P
sur f ac@Britsetal ef¥0ahMjroh 64107 %d 88 )i al hougle dthigy metheds awidable By ispelspwrposearewi | d

type defined here nor.e specifically by a cytonegalovirus wld type
strai ?ﬁ'?i(?n&% erPeeﬁsoﬁes:kg}eﬁ.mﬁ?e | ecul es which are used to define the
surface displayed by a beta-herpesvirus of the wild type are gl ycoproteins
expressed by said wild type virus nediating the entry of said wild type

vi rus Poestgdetermine syhsther g Yetarhemgsntusefi tg? igvention pd gafisplagly the hugag  ys

accor dj p. i.nvent i j . i pg-.l i I LLonsurface
e a S EAsBHEE Ly BB SR BBEbOHIC, HeldallyPie 455, K WeSBpR ih

i nf ect Exampplé 2[s usalt y fi brobl asts, displays or expresses the sane

gl ycoproteins identical to, essentially identical to or at |east not
significantly different fromthe wld type virus based on which the

del et i r : : - Vi f t
mvent s R R e o e B e ol b un o
t he onimsemsldanl hretl pamictlady ahe handnnegtolegglevifwor oft thebinvantipranempagasvat 18ast PCR

or mass spectronetry (Brjtt et al. 1990. J Virol 64:1079-1085 | t hough

ot her ‘?Fé’f‘l%ﬁ@ggs?ﬂté’aé"ea’f‘lo_r"ﬂ?@ s ?)tOEEQStaP‘éutf@tln@B‘rg ?‘E)t}lﬂﬁlé( BeP@g?ﬁg‘_@i szlgd_ in
the arjiryseSrofs iffeetMglABInRRal Rk RRl/ ok RBitRGTaR cOR, RIRSHdsh debibbd By (VAL i ON
and particularly the human cytonmegal ovirus of the invention is

endot hall (@t ebgi suprprredyeprebirgblytbhaisedssay as described in Exanple 2 is used.
So as to determ ne whether the i mmune response elicited by the
bet a- her pesvirus of the invention and particularly the human

Cyt OMERail\WeladEn®ilelifRl thRv-aRdl IDNAGEpIRIatiSE $s ArogAesd in RPUEAtRInLddfegivavidubody,
and whereby the at |east neutralizing antibody is preventing said, viruses
from i mitants aed dherefore|gene exerassionndpesrnatpexmelf jthe tewl 1§t of Hrah sapifppes.

R e R S R e

replication-defective virus nmutants and therefore gene expression does not
exploit the total set of viral ePltopes. Especi al

ly gl ycoprotejns and
st r uct Wirgpentorfughercifuptiie HiesPraseat Hiyenaqip heduelaey of hurat cviognaealoy fus Wil
il UStlFé‘&ﬁHﬁébein ﬁgﬁgﬁhih%yenti on the biology of human cytonegal ovirus w ||
inthe follo

be outll ne ng.
Human cytomegalovirus is one of eight human herpesviruses, which are clustered in three
subfamilies (alpha (a), beta (B), gamma (y)) based on biological properties and molecular
phylogenetic relationships to other herpesviruses. Cytomegalovirus belongs to the beta-
herpesvirus subfamily and possesses the largest genome in the herpesvirus families: its
genome of 240 kbp is capable of encoding more than 200 potential gene products (Murphy et

al. supra).



Human cytomegal ovirus is one of eight human herpesviruses, which are
clustered in three subfamlies (alpha (a), beta (n), gamma (7)) based on

bi ol ogi cavopoopessiswes and nol ecul ar phyl ogeneti c rel ati ecshrp®i 102261 her

her pesvi ruses. Cytomegal ovirus bel ongs to the betaherpesvirus subfamly and
possesses the | argest genone in the herpesvirus famlies: its genone of 240
kbp i s capabl e of encoding nore than 200 potential gene products (Mirphy et
al . supra). WO 2011/ 138040PCT/ EP2011/Q02252 25 The vira| partlcl HL

cyt omehig ol paisle of ysamegaleviruses raNDT elolYES ORIA SONSHWENS, t%e Y nit€r nal

i cosah drl r nme;
the t g&%@%%ﬁtﬁm‘. e e A e s DR e e TR
capsi dt;egmdnt Miahutsea niess ogzm&ledpprwtmm hmé¢shwark ispirduidihgythe cmptldd(aadl thet h

vi ral prote Iex e infecti f .a host cell t he virus
o £ 1 P 4 Faia prarcamisioed i vist ERE0RBHnealRERGi 1 ¢ he

mol ecupgd uﬁ‘EétHﬁlt of ano?ﬂc célh%yhﬁ@t\/tﬁ@lﬂaﬂ%{é; ACRedaMSby Mt tMEG of B Yviral
different cell types and thé mechanism of virus entry is known to be
dependgpmtomoteitsevisip dei moleculat strugtpees axffdhe host eel urface @Wsrmponfepbmaes (a)

the fr i.e...Nno ass ci.ated virus particles r the.host
e | ot Gen BRS BT e BRSRENEN R vid HRr LR RagSiis petheSTRRE B ey o
non- i néegictypd HAecAY odculAh AWEESajor - 1ButeB:O ) \thé Ubeel REUGBA-cER| dsseidtbd Gaxasact
or virus induced cell-cell contact the so caIIed cell to cell spread.

After particlehaamencaunier Hieghosarell diregtly, or gb)stbe virus dselrangferred fée@ptberl%fettﬁé
| d
bel b b PoRaBh T Eacl MY L BREREE AR WiEs YiduBeq BEYELRRENAR of viRy

genomndﬁcddafegaieﬁd:ohﬁcﬁ,ﬁ& stbwalledJSelll\taﬂfeH spteadi t her establishes |atency which
is characterized by a synptonl ess mai ntenance of the nore or |less silent
genone, or induces a lytic infection |eading to propagation of new

nf oot ARUSaEMBR Lt hieh o, 94 L6 oreBhiIGALARoRHEL iedfolMrdcEindinfleC

into three ases 0 gene expreSS|o i mredi at early, and
| at e. fﬁb&nhﬁhtzmrths virhl éﬂwlopemhdcaahaso pelb mgﬂxarwr Afteh en&peéaﬁ |GM§fe[mt1cle

clusters ich ar ed with, characteristic.kinetics. .| nmedi early
gene ttna%‘ﬁ@rtlc&f il thes Gl6Vagenoresis tErEfadoioqbey ngicleys (rhets & efhe\rneﬁtag itheSt er
regul afphnsy tvtlﬁ&h S RhAYERAYIN By NP mp@hlle RCHAMEAEC Qf the e dt 18fs Vildnds
productlon | ow ng the sy nYheS|s of immedi ate early gene products, the

early gpmoes, alrmduwaraslym bé@tloﬁaeadwg@momgedmoﬁmmmfw@u@WVm@eﬁt i on
proteins and regul ators and enzynmes which are inportant in nucleotide
nmetabolism Finally, the |late genes are transcribed after the onset of DNA

repli Cphd Bfic répliatib® cgae 8f MV US Hividdd 1ﬁﬂ)| HrdegflRs@eTasg@darRd g@n@ Expredsiaet ur al

proteins that are involved in the assenb of and egress of new i nfectious
Vi rus lpamdletr:@grlymelyt amcblagfeﬁélerhaﬂmelt@ erpipilisatiomsigessi are theasperigisraene

| ncl udingekhonil LAl ré(s%é) w?ttheéh'a?ac e'tl%fl Renehide Iﬁﬁg&fgﬂe egﬁﬁ%%gba@ya iof

whi ch are the nyj or S of I zi ng an
( Schl edcearsedt fast ar?cD(b&d§ttpE)&)th@Ifﬂjof hiealnap9ér tegg@latoes thaprrepreprani ke host cell

phosph&tgg%tlfgl trZ) t?lg needs of virus production. Following the synthesis of immediate early gene
products, the early genes are transcribed. Early gene products include DNA replication
proteins and regulators and enzymes which are important in nucleotide metabolism. Finally,
the late genes are transcribed after the onset of DNA replication, and the gene products of said
late genes are mainly structural proteins that are involved in the assembly of and egress of

new infectious virus particles.

The late gene products comprise many viral antigens including the viral glycoproteins such as
the gB and the gH/gL complex, which are the major targets of neutralizing antibodies against

CMV (Schleiss et al. 2008 supra) and the major tegument protein the phosphoprotein 65



WO 2011/ 138040PCT/ EP2011/ 002252 26 (pp65) and the i mediate early 1 protein
which are the major targets of the cellular inmune response to CW. A
further swepoimi3sdse | ytic replication cycle of CW is tRreTmRunavi2en of
novel infectious virus particles which conprises steps of envel opnent of
the pre-mature virus particle with nenbrane structures. The steps of

envel opnent conprise a primary enveloﬁﬁent, de- envel opnent and secondary
envel opnent. The primary envel opnent at the nmenbranes of the nucleus is
cruci alPPpd) andnibe immediate early | psotepWhigh ast thegpaiph iarggie pEthe. ceBpigr dmpuings
part o&ﬁéﬂé Jepprn conplex which is also referred to as nuclear egress
conpl ex &? playing an essential role in this primary envel opnent, were
recently identified as Mb0 and Mb3 of nobuse CW (Lotzerich et al. 2006 J

Vi | 80; 73-84.). . UL50 d UL53 i hei h I in Cw. A
honol o@LféghaéFF@) inahe, g TrRlicafian Fgélﬁpé%m% eff%%ﬂ{jgrﬁrg Ogﬁgﬁgnfggﬁgskus
refer Lﬁ%}ti&lg Qﬂ%i@h hQm:8s Qltegsher %anﬁ&ean%T hgt helRasM Wies 3)9&9&1@ Wt o

Fossu . (Fossumet al.” PLoS Pathog. 2009 Septenber; 5(9): e 1 000570)
or Davinsmbrape structyrBavilborsteps af .eny@op@eniveomptisy @bpomary @neelppiment] . de-

Fbrpesvirﬁf ) ﬁt?ﬂatiﬁf; and Davi son et al. 2004 Conpendi um of Human
Her pestHYF @n'tfé anqseqaudary epyelopment, + nar honol ogs of UL50 are listed in the
EMBL- EBI InterPro database (http://ww.ebi.ac.uk/interpro/) under accession

nunber | PRO07626 and UL53 honol ogs are found simlarly under entry
| PRO21 T2 primaey envebnparany ab theenepheases @Eﬁm@%UStlﬁéMﬁeh%§wSStQﬁélws

Col 91 - PR A5 ARG O 15 EAIORANTHU ol MM Wi RISCLFARANLD o2 d

second y envelopnent a proteln ex I C so reterre

s econdiiceat RgR)sO ROTPLexCONHIL eplayiBE@n, essbnstial deletinfthBobripargr érselopn@ht, lveast t he
gene product, of M4 of nouse CW or its honolog.in human CW, i.e. UL94.
The gefseentlygdenfifiadanMpQ apd My} obmopse GMV Rleotpariah stgd 20085 Yispl $Qé§3'%@aee et
al. 19 0 - 80 1990 Curr Top M crobi ol
|mmno‘?r]afyzlf:glhzﬁd?gfg??h?géﬁ%é‘l%oﬁnaggs%@’S” %181}{ Appl . Biosci. 5:151-153)
and was found only at a |late stage of infection (Scott et al. 2002 Virus
Genes 24:39-48; Wng et al.. 1996 J Viyol 70:3339-3345). |t recently
shown fromalpgiies igengas bscgrhersi 1y PrafelAb Fidar gf@eaofz?neahe.%%ﬁss REREDIPE R
Bi ol M@nglgéyf %?@Qélﬁp&ﬂn%ﬁ?& hefHRAZR%ccording to Fossum et al. (Fossum et al. PLoS
Pathog. 2009 September; 5(9): €1000570) or Davison et al. (Davison et al. (2010) Vet
Microbiol. 2010 Feb 11. Herpesvirus systematics; and Davison et al. 2004 Compendium of

Human Herpesvirus gene names;. Reno).

Further, homologs of ULS50 are listed in the EMBL-EBI InterPro database
(http://www.ebi.ac.uk/interpro/) under accession number IPR007626 and UL53 homologs are
found similarly under entry IPR021152.

The secondary envelopment occurs at the membranes of the Golgi-apparatus and/or the
endoplasmatic reticulum. In connection with said secondary envelopment a protein complex
which is also referred to as secondary envelopment complex (SEC), was identified
comprising at least the gene product of M94 of mouse CMV or its homolog in human CMV,
i.e. UL94. The gene UL94 of HCMYV is conserved in all herpesvirus sub-families (Chee et al.
1991 Transplant Proc 23:174-80; Chee et al. 1990 Curr Top Microbiol Immunol 154:125-169;
Higgins et al. 1989 Comput. Appl. Biosci. 5:151-153) and was found only at a late stage of
infection (Scott et al. 2002 Virus Genes 24:39-48; Wing et al. 1996 J Virol 70:3339-3345). It
was recently shown that UL94 is part of the virion (Kalejta et al. 2008 Microbiol Mol Biol



27 Rev 72:249-65; Kattenhorn et al. 2004 J Virol 78:11187-11197; Wng et

al. op.cit). UL94 is essential in the infection of the Towne strain of HCW
shown by woanspesan- nedi at ed nut agenesis (Dunn et al. 2@03/HPe@a/ode2s? Acad
Sci U S A 100: 14223-14228. That MP4 is essential in nouse CW infection is
di scl osed herein in the exanple part. Honol ogs of UL94 are listed in the
EMBL- EBI | nterPro database (http://ww/ ebi.ac.uk/interpro/) under accession
nunber | PRO04286. The high viral load of CW in salivary glands_ indicates
the t rBasA2@4Pd3; dattombromet@l.r200¢ Jchimelath:11484- Lld@7eWinmst alappeth). iLHi4 ial

replicatiqn.i.n the £ir. l.S,..at t | te, 1 S _med;
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infection site to almpst every internal organ. The interplay between the
CW angpsertial ppmouss CMV mieaiien ipdislosed hereinya the exgmplenart-on t he one hand,
the i nmune response of the host is controlling the virus replication very
efficiently. Therefore, nost of the CW infections are synptom ess which
means Hbatologsr usofr edli bt i are i distaht riml | ethe befEMBLLERI t | bger@ralandgebaseaches

an observabl e t hol pgi.cal | evel of l.ocal or 1c inflanmation. On the

ot her ﬁ’é‘ﬁgpw‘ﬁ'wge%\?ﬁ?ﬂ ‘?t?‘?é‘?du‘i’ T GeSH8T MH eﬁﬁ%ﬁ)}oﬁ%e response resul ting

in efficient clearance of the virus fromthe host. In alnost all cases of

i mmune conpetence natural CW infection ends UE with a situation where the
¢

vi rus The bight vicdl lleadl ofyCMIe in pativaey glasdemdidatdsabe tignsmigsipptodlGN Vebedired from

he h ddehas. [ .. 2 i I | ; - ) ]
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ol eculiigéeniTRetea Mrsligh Of %Hﬁbﬂ%l&d@lﬂﬂﬂﬁlbh.%bﬂﬂ&ilpm& vixius @Mdker fip b white
acknow edged that nore than half of the CW_genes encode gene products

i nt er f elopdgells thieh ramsy dhg viramiiom ke REMRBMENTEEtioR Sitestomalarosheveryeinferdine
system gge so-cal l ed i mune evasi ve genes. There is evidence that neither
the hul&ral nor the cellular inmune response alone is sufficient to control
CW infection; a concerted action of both is needed to keep the bal ance
with the viral imrune evasion (Adler et al. 1995 J Infect Dis 171; 26-32;
Reddeh&Be erpkay, bepygen the\k MY agd its host. 1'8-1}@8'5‘?“5 Qignice, 1s very complex. On the

2011/ 1%@%;(%& e /002432048 %%Eiﬁé&ﬁr(ﬁ%?&%ts ir&ﬂ&aﬁ n @erz';égﬁﬁ%tl)y.‘hi ch

is inf er pesvirus an uman respectively, , anong
ot her sTherefoos icdst of ile-CMReinggetipho am, sysptamisseghich, meane that virtis seplibationdisesss,

o] bR RRaR el BRetEh ST n R Run B RN e 0 59
acknow,efagd iiMaimadéd Gl SeARs HAAE ROVRLS [1NIBisRLRtOIIREIREIMMAAL FRPSHisti ons

whi ch can be treated and/or prevented by the betaherpesvirus of the present
i nvent resultingyipi effitient, claananee ofthe mires fioon theebostetn elmost @dll ¢agenppamanmeon| y

if the host inmmune s md s. vul nerabl e or..s ressed, There ar ral

aj or ?qlg]%eta}cgdﬁgurglf élgt\g mtlsc%]r?gaqq%ﬁ up r%lgl? f" 5}{8%?&1 wﬁereqhe viti fs &nfrol&Y %y
the immune system without being totally cleared from the host (Reddehase et al. 2002 J Clin
Virol 25 Suppl 2:523-S36).

In recent years an impressive body of knowledge was generated by studying the molecular
mechanisms of immune suppressive functions of CMV. It is acknowledged that more than
half of the CMV genes encode gene products interfering with different immune mechanisms
at all stages of the immune system, the so-called immune evasive genes. There is evidence
that neither the humoral nor the cellular immune response alone is sufficient to control CMV
infection; a concerted action of both is needed to keep the balance with the viral immune
evasion (Adler et al. 1995 J Infect Dis 171:26-32; Reddehase et al. 1987 J Virol 61:3102-
3108).



One situation where the host immune systemis vulnerable, is where
non- pr egnant wonen of reproductive age or wonen bei ng pregnant get infected
by human vebNo1/1f3844he human CW infection is transm ttedpCrmpPeathmozst her to
the fetus and enbryo, respectively, during pregnancy, due to the i muature

i mmune system of the fetus and enbryo, respectively, direct cytotoxic

pat hol ogy of the human CW i nfection 3§n devel op which is called congenital
i nclusion disease (CI D). The synptons of CID are dom nated by the cause
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hear i ngerpesysrusiofjthie ipechent ingentionr al i nfecti on. A second scenari o of
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viral infection, however, nay be as well newy acquired via virus
reactivation fromorgan or bone marrow transpl ant derived from an al ready
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2011/ 1§§:gésgzpoqrr/eaEcl?12vg 1(])'r/1 (())9 Fa%eSn% viral infection, however, may be as well newly acquired via
virus reactivation from organ or bone marrow transplant derived from an already infected

donor in case of a transplant recipient.



30 In a preferred enbodi nent the individual nucleotides of the

bet a- herpesvirus of the invention are linked, preferably covalently |inked,
t hrough phogphiads@st er bonds. Such phosphodi est er bonds PaAT&EPRI10HE2252
phosphodi ester bonds which are contained in nucleic acid nolecul es

contai ned or produced in biological naterial such as cells. It will be
acknow edged that the beta-herpesviru%9of the present invention is part of

a pharmaceutical conposition. Pr eferablﬁ;,, such pharmaceutical conposition
Ui

cont aj Wsthe abssace of suiHrieninyBYng ¢raieb SMY dnfegtion lsadtodalammatRrg diseaiss Mhd/ or
a nucl gj i oflj f QF tcall £ carfel er.
The | ne BRSO Bhreiiod B GATPIneARBAIRER L HadRERRbADLESRE
cont enpreeuatoitisn @astréinteatinzd rdismasas i Hepatitis, rantiheetiaitts. Thtbosel matrewf tratdpdant

acknow edged such pharmaceuti.cal copposition s for or i for use in
et risaipiRgi HOMY rbcHmOBAS Goosh v Comar e Bretes o OLg, Toute hiefding Heglesd
CONNECihh 0Bl dibabddCarliel HANFIRERY | didkas ardd Gorfi ESRMvhicAVGR! bOReatbd anbilor be
acknow edged by a person skilled in the art that the experinental evidence
provi dedvémed bethexataphapgsairus of thepeesentsinaenttioappl i cati on is based on nurine
CW , but that such evidence can be directly and i Mmediately transferred to
HCW/, so that the present invention is plausible to a person skilled in the

art. TReAIPS$aiedt® bppdHunidiR HighdnheM\t e @RMORRSnPhorhld 66 athefro@sancy us
strains |nclud|ag are linearly correlated and the node of action of

human damost 1D0fe AbanthisiiovasldherBpyrfrilsor aptapmicablafavpitablay ddis igstll dheseasei al | y
identical . The variou I . 1.C r f.t.h l.elc
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t he acidvadhbisigooehighlyt detive ahti-agtebifae themdpsr foa humah érengedeficibey virussEIvari zed
in the foLIomﬁgﬂétabLe_ To the extent that thefparticuLar %iquences are not
di spl ap&stipn, HEMV ratinigs twasythg maogt semimei gayss af Rlindpesscincfullepptisateith st i ng

whi ch i Ra bonfunbBichdt BhgSRECLAIRA LA anitechiPricdiine BRAURAES of Ridze nal

GCCCGAGAAIBECACGT CCAGACTATCC HAMPAT or

In an embodiment of the beta-herpesvirus of the invention the beta-herpesvirus is used as a
vaccine and/or vector. In a further embodiment therof such beta-herpesvirus encodes for a
heterologous nucleic acid. Preferably such heterologous nucleic acid codes for an antigen,
more preferably an antigen of a pathogen. Because of this such vaccine and vector,
respectively, is suitable for the treatment and/or prevention of a disease caused by or
associated with said pathogen. Such pathogens preferably comprise viruses and bacteria. In an
embodiment the antigen is NP-NT60 of Influenza, whereby the vector then is useful in the
treatment of influenza. In a further embodiment the antigen is ORF Rv3407 from
Mycobacterium tuberculosis strain H37Rv, whereby the vector then is useful in the treatment

of tuberculosis.

In an embodiment the beta-herpesvirus of the present invention is a recombinant beta-

herpesvirus.

In a further embodiment the beta-herpesevirus of the present invention is a human beta-

herpesvirus, preferably a recombinant human beta-herpesvirus.
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In a preferred embodiment the individual nucleotides of the beta-herpesvirus of the invention
are linked, preferably covalently linked, through phosphodiester bonds. Such phosphodiester
bonds are those phosphodiester bonds which are contained in nucleic acid molecules

contained or produced in biological material such as cells.

It will be acknowledged that the beta-herpesvirus of the present invention is part of a
pharmaceutical composition. Preferably, such pharmaceutical composition contains, a part
from the beta-herpesvirus of the present invention and/or a nucleic acid coding for the same, a
pharmaceutically acceptable carrier. The ingredients of such pharmaceutical composition and
their respective contents are known to a person skilled in the art. It will be further
acknowledged that such pharmaceutical composition is for or is for use in the treatment of the
diseases and conditions as disclosed herein in connection with the beta-herpesvirus of the

present invention.

It will be acknowledged by a person skilled in the art that the experimental evidence provided
in the example part of the instant application is based on murine CMV , but that such
evidence can be directly and immediately transferred to HCMYV, so that the present invention
is plausible to a person skilled in the art. The reason for this being that the genomes of
different herpesvirus strains including CMV are linearly correlated and the mode of action of

human CMV in a human host and of mouse CMV in a murine host are essentially identical.

The various SEQ.ID. Nos., the chemical nature of the nucleic acid molecules, proteins and
peptides according to the present invention, the actual sequence thereof and the internal
reference number is summarized in the following table. To the extent that the particular
sequences are not displayed in this table they are contained in the attached sequence listing

which is part of the instant specification.

SEQ.ID. | Sequence internal reference number
No.
1 GTGGGATCCACCATGTACCCCTACGACGT | HAM9Y4for
GCCCGACTACGCCACGTCCAGACTATCC
2 ACTCTAGAGTCGACTTCACATGTGCTCGA | M94rev
GAACA
3 AATTCATGATAACTTCGTATAGCATACAT | ATGlox1




4 TCGAGCGGCCGCCAGACCGGTGGATATCT CCGGATAACTTCGTATAATGTATGCTATA CGAAGITATCATG
ATGlox2 5 CGT GGI' CAA GCC GGT CGI' GIT GTA CCA GAA CTC GAC TTC GGT CGC GIT
GCT TAC AN 20TA38BC GCG GG 5' - Anll57- pCR3- FRT- Kanr - FRT 6 PCCEPAGAOTART2 TTG AGA
AAG TGT ACC CCG ATA TTC AGI ACC TCT TGA CTA AGA AGC CAT AGA GCC CAC CcC

3' - Anl57-f | ox-egfp 7 3

TATACGAAGTTATCCGGAGATATCCACCG

GTCTGGCGGCCGC

4 TCGAGCGGCCGCCAGACCGGTGGATATCT | ATGlox2
CCGGATAACTTCGTATAATGTATGCTATA
CGAAGTTATCATG

5 CGT GGT CAA GCC GGT CGT GTT GTA | 5-Ami57-pCR3-FRT-Kan"-FRT

CCA GAA CTC GAC TTC GGT CGC GTT
GCT TAC AAT TTA CGC GCG GG

6 CCC CGA TAT TTG AGA AAG TGT ACC | 3'-Aml57-flox-egfp
CCG ATA TTC AGT ACC TCT TGA CTA
AGA AGC CAT AGA GCC CAC CGC

7 TGC TTC CCG GCG GCT TCT GCG CGA | 5°AM94-pO6-tTA
CCT TCC AGC TGC AGG TAG ACC ACG
GCG ACG TCC AGA CTA TCC GTG AAA
AGT TTG AGA AGC ATC AGT AGC CGA
TTT CGG CCT ATTGGT T

8 CAT GGA TGG GTT GGT TGA TTT GTA | 3'-AM94-pO6-1TA
TGT CTG TTG GCT ACT CAC ATG TGC TCG
AGA AGC CAG TGT GAT GGA TGA TCC TC

9 SIINFEKL OVA-MHC-I Peptide
10 TVYGFCLL ml39 MHC-I Peptide
11 RALEYKNL ie3 MHC-I Peptide
12 SCLEFWQRV M57 MHC-I Peptide
13 HGIRNASFI M45 MHC-I Peptide
14 FAM-AACGTACATCGCTCTCTGCTGGCCG- | Tagman-Probe M54
TAMRA
15 Ttactgggtgctgecgggeggctttgeegtetettegegegteactet | LIFdelUL94

tcacggectggeccagegagecctgegggaccggttccaaaacttc
gaggecegtgetggeecggggceatgeacgtggaggeeggeeggea
ggagcccgagaccceccgggtgageggecggeggctgeectteg
acgacctgtgatccggaggacgacggctegtgtatcttgtgecaatt
getgttgetctaccgegacggegaatggatcectetgtetitgetgeaa




TGC TTC CCG GCG GCT TCT GCG CGA CCT TCC AGC TGC AGD TAG ACC ACG GCG ACG TCC
AGA CTA TCC GIG AAA AGI TTG AGA AGC ATC AGI AGC CGA TTT CGG CCT ATT GOT T
5' AMB4- pOBORIA/BSBAT GGA TOO OIT GOI TGA TTT GTA TOT CTECTRB2Q@TD0RET CAC
ATG TGC TCG AGA AGC CAG TOT GAT GGA TGA TCC TC 3' - AMB4-p06-t TA 9 SI | NFEKL
OVA- MHC-| Peptide 10 TVYGFCLL nl39 IVH3C2-I Pepti de

cggccgttatcaaggecactatggeggggtctgacagttcacgggg

agaagaaacaagaaacaacaaaaaaaaaagaggagatctgcgge
cgctagggataacagggtaatcgatgttgacaattaatcatcggeata
gtatatcggcatagtataatacgacaaggtgaggaactaaaccatgg
caaaactgaccagcgcagttccggttctgaccgcacgtgatgttgee
ggtgecgttgaattttggaccgatcgtctgggttttagecgtgattetgt
ggaagatgattttgeceggtgttgttcgtgatgatgttacccetgtttattag
cgcagttcaggatcaggttgttccggataataccetggeatgggtttg
ggticgtggtctggatgaactgtatgcagaatggtcagaagttgtgag
caccaattttcgtgatgcaageggtccggceaatgaccgaaattggtg
aacagccgtggggtegtgaatttgcactgegtgatceggeaggtaat
tgtgttcattttgttgcagaagaacaggattaacctcgattaattaattgt
aacattaccctgttatccctaccggtgtectaggeggggtctgacagt

tcacggggagaagaaacaagaaacaacaaaaaaaaaagagg

16 cgtgttagaccgttggagtegegacctgteccgeaagacgaaccta | LIF-delUL99
ccgatctgggtcgeccaacagegecaacgagtacgtegteagetecg
tgceecegeccecgteagtecgtagaagtaactcataaactttcaggtct
cgcgtacgattcgegagtcgggaatgtagggataacagggtaatcg
atgttgacaattaatcatcggcatagtatatcggcatagtataatacga
caaggtgaggaactaaaccatggcaaaactgaccagcgeagttce
ggttctgaccgeacgtgatgttgeeggtgecgttgaattttggaccga
tcgtetgggttttagecgtgattitgtggaagatgattttgeeggtgttgt
tcgtgatgatgttaccctgtttattagecgecagttcaggatcaggttgttc
cggataataccctggcatgggtitggoticgtggtctggatgaactgt
atgcagaatggtcagaagttgtgagcaccaattttcgtgatgcaagce
ggtcecggeaatgaccgaaattggtgaacagecgtggggtegtgaat
ttgcactgegtgatccggeaggtaattgtgttcattttgttgcagaaga
acaggattaacctcgattaattaattgtaacattaccctgttatccctaa

agtaactcataaactttcaggtctcgegtacgattcgecgagtcgggaa

tg
17 as contained in the sequence listing pCB-Ubic-UL94-IRES-mChe
18 as contained in the sequence listing pCB-Ubic-UL99-IRES-gfp

19 as contained in the sequence listing pLV-Ubiqc-BLAs-IRES-Puro




11 RALEYKNL
M5 MHC |

i e3 VHC |

WO 2011/138040
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Peptide 12 SCLEFWQRV M67 MHC |
Peptide 14 FAM AACGTACATCGCTCTCTGCTGGCCG- TAMRA

Pepti de 13 HGA RNASFI

PCT/EP2011/002252

20

as contained in the sequence listing

pTB40E-BAC4-FRT

2]

as contained in the sequence listing

pBSK-OVA

22

as contained in the sequence listing

pTRE-HAM94

23

as contained in the sequence listing

Unique\in\TB40\(UL133-UL145)

24

MGSGIGAASMEFCEFDVFKELKVHHANENIFYCPIAIMSAL
AMVYLGAKDSTRTQINKVVRFDKLPGFGDSIEAQCGTSVN
VHSSLRDILNQITKPNDVYSFSLASRLYAEERYPILPEYL
QCVKELYRGGLEPINFQTAADQARELINSWVESQTNGIIR
NVLQPSSVDSQTAMVLVNAIVFKGLWEKTFKDEDTQAMPFE
RVTEQESKPVOMMYQIGLFRVASMASEKMKILELPFASGT
MSMLVLLPDEVSGLEQLESIINFEKLTEWTSSNVMEERKI
KVYLPRMKMEEKYNLTSVLMAMGITDVESSSANLSGISSA
ESLKISQAVHAAHAEINEAGREVVGSAEAGVDAASVSEEF
RADHPFLFCIKHIATNAVLEFEFGRCVSP

OVA

25

MSGQGTKRSYEQMETDGERQNATEIRASVGKMIGGIGREY
IQMCTELKLSDYEGRLIQNSLTIERMVLSAFDERRNKYLE
EHPSAGKDPKKTGGPIYRRVNGKWMRELILYDKEEIRRIW
ROTNNGDDATAGLTHMMIWHSNLNDATYQRTRALVRTGMD
PRMCSLMQOGSTLPRRSGAAGAAVKGVGTMVMELVRMIKRG
INDRNFWRGENGRKTRIAYERMCNILKGKFQTAAQKAMMD
QVRESRNPGNAEFEDLTFLARSALILRGSVAHKSCLPACV
YGPAVASGYDFEREGYSLVGIDPFRLLONSQVYSLIRPNE
NPAHKSQLVWMACHSAAFEDLRVLSFIKGTKVLPRGKLST
RGVQIASNENMDAMESSTLELRSRYWAIRTRSGGNTNQQOR
ASAGQISIQPTFSVQRNLPFDRTTIMAAFNGNTEGRTSDM
RTEIIRMMESARPEDVSFQGRGVFELSDEKAASPIVPSED
MSNEGSYFFGDNAEEYDN

NP-NT60 of Influenza
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GHYGVGHVHRRRRRICHLPTLYQLSFGGPLGPASIDFLPS
FSQVTSSMTCDGITPDVIYEVCMLVPQDEAKRILVKGHGA
MDLTCQKAVTLGGAGAWLLPRPEGYTLFFYILCYDLEFTSC
GNRCDIPSMTRLMAAATACGQAGCSFCTDHEGHVDPTGNY
VGCTPDMGRCLCYVPCGPMTQSLIHNDEPATFFCESDDAK
YLCAVGSKTAAQVTLGDGLDYRIGVKDSEGRWLPVKTDVW
DLVKVEEPVSRMIVCSCPVLKNLVH
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Tagman- Probe Mb4 15 Ttact gggt gct gccgggeggattgeegt ctcttcgegegt cact ct
t cacggcct ggcccagcgagecct gcgggaccggt t ccaaaacttc

gaggccgt gebggoiesg@ggcat gcacgt ggaggccggecggcea PCT/EP2011/002252
ggagcccgagaccccccgggt gagcggecggeggcet geecttcg

acgacct gt gat ccggaggacgacggct cgt gt at ctt gt gccaat t

gctgttgctctaccgcgacggcgaat ggat cct ct gté ttgctgcaa LI FdelUL94 WO
2011/ 138040PCT/ EP2011/ 002252 32

cggccgt t at cap aofE" ttt 585 AR FEER
agaaggaacaag éﬁ%%gggggg &95t<t gcggce :

CgCta taatcgat nffnnr\aaffanf cal-cagcatd

gt at at%gcat LayRoL 3%%? 5‘5%%%55%%2@%% M94
caaaact gaccag %%P ?vacgcg

ggt gcegt t gaak ¥ t IYW Flgt
ggaagat gatttt F Q?t ag
cgcagt t caggat 4 GtV f< %& £P ¢

ggt t cgt ggt ct pHatrgastiges g%g
cacca ttttcgt%‘é&%@‘é%@é’é@?%q?@ g

aacagccgt gggot THRGERNCLEE %@Péé@@é?%&@é&%‘”&%
t gt gt cattttgfigeagdgibectdght Yidddct cgat t aat t aat|t gt

aacattaccaagttatccct arrnnf gt cctaqaeq at ct aaranf

t cacggygagaag i oL S HASRR AR gz g@RRDGNFV HA-M94

YREFRAV SQSPGLGKVSSTDDGRCLAA
LCLVVNKEPVGQFGCSGMRREKMVIDGLQEPVYVMRLLAP
LIPVKLGFSPYMLPPKSIGGSGGLDPSVIYQNASVVTPEE
AATVTMQOGSGIVTVGLSGVGSWVQIKDGGNMKLFVFALCE
DVFTACCDRLAFPSLAKIYSETVSCEADKCGFCRDSGRHV
DPTGRFVGCVPDSGVCLCYSPCRGTDAAVSVRSWLPYLEL
EDGANTHSLFVRRYDGRKGLPATISDYLGARNSEGDEIPL
RTEPWQLLKIEPTLSAMIIMACPLLKKIVLEHM

32 gaccgegcecacageagagecageaccageagaagagecageac | delULS0S
cagcgggeccagagtcgcaaagegegegggeagecacggecca
gactgcggtcgegatggeccggagegegcetcgecaccacgatgac

ggtgcccaacgataaccagtecgeteccgeaccgacgecaccgee

gat
33 atgtctagcgttttctcaacagcattcgtgcgecttga delULS53S
34 cacggcectggeccagegagecctgegggaccggttccaaaactte | delUL94S

gaggceegtgetggeecggggceatgecacgiggaggecggecggea

ggagcccgagacceccegggtgageggeeggeggetgeectteg
acgacctgtgatccggaggacgacggctcgtgtatcttgtgecaatt

getgttgetctaccgegacggegaatggatcectetgtetttgetgeaa
cggcecgttatcaaggcecactatgg

35 ctgggtcgecaacagegecaacgagtacgtegtcagetecgtgeee | delUL99S

cgceccgtcagtcegtagaag

It will be acknowledged by a person skilled in the art and is in so far also within the scope of
the present invention that each and any of the above nucleic acid sequences can be replaced

by nucleic acid sequences which, due to the degeneracy of the genetic code, code for the same



cgt gt t agaccgt t ggagt cgcgacct gt cccgcaagacgaacct a

ccgat ct gggt cgccaacagcgccaacgagt acgt cgt cagct ccg

t gccccgcowoghtiags@ogt agaagt aact cat aaact t t caggt ct PCT/EP2011/002252
cgcgt acgat t cgcgagt cgggaat gt agggat aacagggt aat cg

at gt t gacaat t aat cat cggcat agt at at cggcat agt at aat acga

caaggt gaggaact aaaccat ggcaaaact gaccagcgtagt t cc

ggttct gaccgcacgt gat gtt gccggt gccgtt gaatttt ggaccga oo )
tcgt Ct@g@l“?'ﬂ‘?@%&’%ﬂ@@@g tﬂegftl‘éf‘éaq;%aprgwu@st, TeRPE .tagtthe above indicated nucleic

tcgtg ctgtttattagcgcagttcaggatcaggttgttc
cggat2%%2%%@%%§%atgggtttgggttcgtggtctggatgaactgt

at gcagaat ggt cagaagtt gt gagcaccaat ttt cgt gat gcaagc
ggt ccggcaat gaccgaaat t ggt gaacagccgt gg t gaat i
t t gcact R BEest dBYEEap 4t aam’éftg?rt ﬂlgg&rﬁg‘%ﬁgﬁ%@&@gﬁng figures and examples from

acaggalhRAN I 4R AN JdHhaRs ahd dwntdbd Aaf b€ kA@n.
agt aact cat aaacttt caggt ct cgcgtacgattcgcgagt cgggaa tg LI F-del UL99 17 as

contained in the sequence listing pCB-Ubic-UL94-1RES-nChe 18 as contai ned
in the equence histing pCB- Ubi c- UL99- | RES-gf p 19 as contained in the
sequent@f FREEKE " BLV- Ubi qc- BLAs- | RES- Pur o

Fig. 1 is a schematic illustration of the concept of inducible trans-complementation;

Fig. 2A is a diagram indicating TCIDs as a function of time;

Fig. 2B is a series of microphotographs;

Fig. 2C is a survivorship curve indicating survival of mice as a function of time;

Fig. 3A is a diagram indicating virus neutralizing antibody response as luciferase
activity as a function of dilution of serum;

Fig. 3B is a diagram indicating the percentage of adaptively transferred T cells at
various time points;

Fig. 3C is a diagram indicating the percentage of specific lysis of transferred cells
loaded with various viral peptides by CD8" T-cells specific for the viral peptides ;

Fig. 4 is a Whisker blot indicating the percentage of adaptively transferred T cells in
different mouse strains being infected with different virus mutants;

Figs. 5A and 5B are diagrams indicating the challenge virus load in different organs of
vaccinated mice;

Figs. 6A and 6B are survivorship curves indicating survival of vaccinated mice as a
function of time;

Fig. 7A is an agarose gel showing the result of a PCR detecting viral gene M54 in lungs
of infected mice with either wild type or MCMV-AM94;

Fig. 7B is a diagram indicating the result of a quantitative PCR detecting viral gene
M54 in lungs of infected mice with either wild type or MCMV-AM94;

Figs. 7Cand D are diagrams indicating the challenge virus load in different organs of
vaccinated mice;

Fig. 8 is a series of microphotographs of cells of different cell-lines infected with and
MCMV-Ami57-rec-egfp-AM94.

Fig. 9A is a schematic overview of a spread-assay

Fig. 9B is a series of microphotographs
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Fig. 9C is a diagram showing the results of a spread-assay

Example 1: Spread assay

The spread assay described herein may be used in connection with the characterization of a
beta-herpesvirus and a human cytomegalovirus so as to determine whether such virus is

spread-deficient.

Primary fibroblast cell lines MRCS5 for human CMV and NIH/3T3 for mouse CMV and
complementing cell lines TCL94/99-BP and NTM94-7, resepectively, are plated and infected
at an MOI of about 0.25 for 1 h and then washed twice with D-PBS. Cells are incubated for 6
h and afterwards washed four times with D-PBS. Equal numbers of non-infected cells were
stained with 5 uM CFSE for 8 min and blocked by 2 % FCS/D-PBS, then washed twice with
2 % FCS/D-PBS and subsequently seeded on top of the unstained but infected cells.

48 (mouse CMV) and 72 hours (human CMYV) after infection the co-cultures were fixed with
4 % Paraformaldehyde (PFA) in D-PBS for 10 min at 37°C and washed and permeablized
with 0.1 % Triton X100 for 10 min. After triple washing, cells were blocked with 3 %
BSA/D-PBS for 1 h. Immediate early staining was performed by incubating fixed cells with a
primary antibody against the immediate early gene product of the CMV, more specifically
monoclonal antibody Croma 101 ((IgG1 isotype) specifc for the immediate-early protein 1 of
mouse CMV designated as antibody 6/20/1 in Keil et al. (Keil et al. 1987 J Virol. 61(2): 526—
533.) and monoclonal antibody designated as CH160 in Plachter et al. specific for the human
CMYV immediate early 1 ((Plachter et al. 1993 Virology 193,642-652), commercially available
from Virusys Co.) in 3 % BSA/D-PBS. After three D-PBS washes, cells were incubated with
an Alexa Fluor 555-coupled secondary antibody directed against the primary antibody Croma
101 in case of MCMV and CH160 in case of human CMV in 3 % BSA/D-PBS. Finally, cells
were washed three times and imaged by confocal microscopy using an LSM 510 Meta
(Zeiss). To determine whether a CMV strain or mutant is spread-deficient cells infected with
wild type CMVs are used as positive control. Spread-deficient Virus transmission is
determined by counting immediate early- and CFSE-positive cells using the Image] Cell
Counter plugin (Rasband, WS. ImageJ 2009. Bethesda, Maryland, USA, U. S. National
Institutes of Health. This program is a freely accessible standard at NCBI
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| nfluenza
line, a complementing cell line which complements the product of the gene in relation to

which the HCMV of the invention is deficient, and a human endothelial cell line are plated
and infected at an MOI of about 0.1 with HCMV wild type or the virus of the present
invention. 24 hours after infection immediate early staining is performed by incubating fixed
cells with a monoclonal antibody against immediate early gene product of the beta-
herpesvirus of the invention, more specifically CMV IE 1/2 monoclonal Antibody CH160
(Plachter et al. supra), commertially available from Virusys Co. in 3 % BSA/D-PBS. After
three D-PBS washes, cells are incubated with an Alexa Fluor 555-coupled secondary antibody
directed against the monoclonal antibody against human immediate early 1of HCMV in 3 %
BSA/D-PBS. Finally cells are washed three times and imaged by UV microscopy. Cells
infected with wild type HCMV are used as positive control and counted immediate early 1-

and CFSE-positive cells using the ImageJ Cell Counter plugin (Rasband supra).

As to determine whether a mouse CMV is endotheliotropic a primary mouse fibroblast cell
line, a complementing cell line which complements the product of the gene in relation to
which the MCMV of the invention is deficient, and a mouse endothelial cell line are plated
and infected at an MOI of about 0.1 with MCMV wild type or the virus of the present
invention. 24 hours after infection immediate early staining is performed by incubating fixed
cells with a monoclonal antibody against immediate early gene product of the beta-
herpesvirus of the invention, more specifically Croma 101 designated as antibody 6/20/1 in
Keil et al. (Keil et al., supra) in 3 % BSA/D-PBS. After three D-PBS washes, cells are
incubated with an Alexa Fluor 555-coupled secondary antibody directed against the mouse

monoclonal antibody against immediate early 1 of mouse CMV in 3 % BSA/D-PBS. Finally
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Example 3: Materials and methods

Cells and mice

The fibroblast cell line NIH/3T3 and BALB/c derived murine embryonic fibroblasts (MEF)
were cultured as described in Cicin-Sain et al., (Cicin-Sain et al. 2005 J Virol 79:9492-9502.).
C57BL/6 (B6) mice, B6.SJL-Ptpr® (Ptpr®) mice and 129.IFNepR”" mice were purchased from
Elevage Janvier (Le Genest Saint Isle, France), Jackson Laboratories (Bar Harbor, Maine,
USA) and B&K Universal Limited (Grimston, England), respectively. 129.IFNaBR'/' mice
(Muller et al. 1994 Science 264:1918-1921.) were backcrossed on the B6 background
(BG.IFNaBR'/'). T cell receptor transgenic mice OT-I (Hogquist et al. 1994 Cell 76:17-27.)
and OT-II (Barnden et al. 1998 Immunol Cell Biol 76:34-40.) were backcrossed to Ptpr®
(CD45.1) or Thyl.1 (CD90.1) congenic mice, respectively. Alb-cre (Postic et al. 1999 J Biol
Chem 274:305-315.) and Tie2-cre (Constien et al. 2001 Genesis 30:36-44.) were maintained
on the B6 background. Mice were kept under specified pathogen free conditions. Animal
experiments were approved by the responsible office of the state of Bavaria (approval no.

55.2-1-54-2531-111-07) or by the Ethics Committee at the University of Rijeka.

Generation of the trans-complementing cell line NT/M94-7

The conditional trans-complementing cell line NT/M94-7 was generated according to
(Lotzerich et al. supra). Briefly, the M94 ORF was amplified from pSM3fr (Sacher et al. 2008
Cell Host Microbe 3:263-272.) using primers HAM94for (SEQ.ID.No.1) and M94rev
(SEQ.ID.No.2) thereby introducing an HA tag at the N-terminus. The PCR product was
digested with BamHI and Xbal and inserted into the BamHI- and Nhel-cleaved pTRE2Hyg
vector (BD Biosciences Clontech, Heidelberg, Germany), resulting in pTRE-
HAM94(SEQ.ID.NO:22) putting HAM94 expression, the HAM94 protein is depicted in
SEQ.ID.NO:31, under the control of the tetracycline (tet) inducible promoter. Stable
NIH/3T3 transfectants harboring pTRE-HAM94 were selected with 50ug/ml Hygromycin B.
The deletion virus MCMV-AM94 was reconstituted by transfecting different NT/M94 cell
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MGGEL CKRI CCEFGT TSGEPL KDAL GRQVSLRSYDNI PPT

SSSDEGEDBRDGEDNBEERQKL RL CGSGCGGONDSSSGS PCT/EP2011/002252
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clones with the respective BAC. The most productively infected trans-complementing cell
line NT/M94-7 was subcloned using limiting dilution. The trans-complementing cell line was

deposited under the Budapest Treaty with the DSZM, Germany on May 05, 2010.

Generation of recombinant viruses

Recombinant mouse CMV (MCMV) mutants were derived from the MCMV bacterial
artificial chromosome (BAC) clone pSM3fr, originated from Smith strain (Messerle et al.
1997 Proc Natl Acad Sci U S A 94:14759-14763.). Nucleotide positions are given according
to Rawlinson et al. (Rawlinson et al. supra). The 1.4 kilo base pair (bp) Smal fragment of
pCP15 carrying the FRT flanked kanamycin resistance gene (Kan") was introduced into the
BssHII site of pCR3 (Invitrogen, Basel, Switzerland) resulting in pCR3-FRT-Kan'-FRT. A
fragment containing an ATG start codon and a loxP site was generated by annealing the
oligonucleotides ATGlox1 (SEQ.ID.No.3) and ATGlox2 (SEQ.ID. No.4) . This fragment was
inserted into the EcoRI and Xhol site positioned between the major immediate early promoter
of HCMV (IEP) and the polyA signal of the bovine growth hormone of pCR3-FRT-Kan-FRT
to obtain pCR3-FRT-Kan"-FRT-ATG-loxP. The ovalbumin gene (ova) was synthesized as
contained in pBSK-OVA (SEQ.ID.NO: 21) introducing GGAA after nt position 9 resulting in
a BspEI restriction site for further cloning. Ova was inserted in frame using BspEI and Notl
of pCR3-FRT-Kan"-FRT-ATG-loxP resulting in a full length ova with inserted loxP site after
the initial ATG under control of IEP named pCR3-FRT-Kan'-FRT-ATG-loxP-ova. To obtain
a construct with Cre inducible ovalbumin (OVA) expression (SEQ.ID.NO: 24) a floxstop
cassette (Sacher et al. supra) was inserted into the EcoRI and BspEI sites of pCR3-ATG-loxP-
ova resulting in pCR3-ATG-flox-stop-ova. Using these constructs as templates and
oligonucleotides 5'-Am157-pCR3-FRT-Kan-FRT (SEQ.ID.No.5)(nt position 216243 to
216290) and 3'-Ami157-flox-egfp (SEQ.ID.No.6) (nt position 216885 to 216930) as primers a
linear DNA fragment containing the IEP-ova cassette, the FRT flanked Kar', and the viral
homology sequences to the MCMV genome target site m/57 was generated. In a similar
procedure the firefly luciferase gene (luc) was cloned under control of the IEP into pCP15
carrying the FRT flanked Kan'. These fragments were introduced into m157 of pSM3fr as
described (Sacher et al. supra) resulting in pSM3fr-Am157-ova, pSM3fr-Ami57-flox-ova and
pSM3fr-Am157-luc. For excision of the FRT flanked Kan" FLP recombinase was transiently
expressed from plasmid pCP20.
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00t ec e DA LU AR E . MGV (R B virus is able to

infect non complementing first target cells. Due to the lack of the essential gene M94 the

release of infectious virus particles is impossible although immediate early (IE), early (E) and

late (L) viral gene expression as well as DNA replication (DNA rep) occur.

For generation of the recombinant MCMYV lacking the M94 sequence the parental MCMV
BACs pSM3fr (MCMV-wf), pSM3fr-Ami57-ova (MCMV-ova) and pSM3fr-Am157-rec-egfp
(MCMV-Ami57-rec-egfp) (Sacher et al. supra) were applied to a second mutagenesis step.
Therefore, the plasmid pO6-tTA-mFRT-Kan"-mFRT was obtained by insertion of the Kan', on
both sides flanked by mutant 34 bp FRT sites from pO6ie-F5 into pO6-tTA4 (Lotzerich et al.
supra) to express the {74 transactivation gene under control of the IEP necessary for trans-
complementation of pM94 (SEQ.ID:NO: 30). A linear DNA fragment containing the 74
cassette, the Kan™ and viral homology sequences to the MCMV genome target site (MCMV
upstream-homology: nt position 136189 to 136234 and MCMV downstream-homology: nt
position 137256 to 137309) was generated using primer 5’AM94-pO6-tT4 (SEQ.ID.No.7) ,
primer 3'-AM94-p06-tTA (SEQ.ID.No.8)and plasmid pO6-tTA-mFRT-Kan'-mFRT as
template. This PCR fragment was inserted into the different parental pSM3fr clones, hereby
deleting the M94 gene. Since ORFs of M94 and M93 are overlapping 47 bp of homology had
to be left at the 5’-end of M94 to keep the M93 ORF intact and 17 bp homology are still
present at the former 3’-end of M94. Again FLP recombinase was expressed for excision of
the Kan'. Construction of pSM3fr-AM94, pSM3fr-ova-AM94, pSM3fr-flox-ova-AM94 and
pSM3fr-Am157-rec-egfp-AM94 was confirmed by restriction digest analysis and sequencing.

Viruses were reconstituted from BAC DNA, propagated on NT/M94-7 complementing cells
and purified on a sucrose cushion as previously described (Sacher et al. supra). For analysis of
virus replication supernatants from infected cells were taken every 24 h. Quantification of

infectious virus was done using TCIDsp (median tissue culture infectious dose) method on
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gram organ as described (Sacher et al. supra). Spread-deficiency of each virus stock of M94
deficient mutants (MCMV-AM94, MCMV-ova-AM94, MCMV-flox-ova-AM94 and MCMV-
Aml57-rec-egfp-AM94) was confirmed by the absence of plaque formation after infection of
non-complementing MEF, although CPE of individually infected cells was detectable. The
E.coli containing the pSM3fr-AM94 BAC of the spread-deficient MCMV-AM94 was
deposited under the Budapest Treaty with the DSZM on April 28, 2010 as DSM 23561.

UV inactivation of virus

For in vivo application, a fraction of the MCMV-wr virus preparation used for immunization
was inactivated by exposure to 1.5 kJ/cm? UV light at a distance of 5 cm in a UV-crosslinker
(Stratagene, Amsterdam, Netherlands) at 4°C. Viral infectivity was decreased by factor
2.4x10". The same treatment was sufficient to abolish viral gene expression when MCMV-
Aml57-rec-egfp was subjected to different doses (0.5, 1.0 and 1.5 kJ/cm®) of UV light and
subsequently titrated on MEF. After 4 days post infection (p.i.) EGFP expression was
monitored in single infected cells if virus was irradiated with low dose (0.5 kJ/em?) of UV
and no EGFP expression was seen after strong irradiation (1.5 kJ/cm?). Untreated MCMV-
Am157-rec-egfp formed EGFP” plaques.

Immunization and challenge of mice

8 to 10 weeks old female B6 mice were immunized by intraperitoneal (i.p.) or subcutaneous
(s.c.) injection of either MCMV-wt or mutant MCMV. Each mouse received 100ul of virus
suspension s.c. or 300ul i.p. C57BL/6 mice were immunized with 1x10° TCIDsy MCMV-wt
or MCMV-deltaM94, 129.IFNaBR'/' with 2,5x105 TCIDsy of MCMV-deltaM94 or UV
irradiated MCMV-wt, and B6.IFNaBR” with 3x10° TCIDso of MCMV-AM94 or MCMV-wt.
Mock treated mice received same volumes of PBS. To boost mice, this procedure was
repeated 14 days p.i. Sera collected from mice 12 weeks p.i. were used to determine amounts

of virus specific antibodies by virus neutralization assay, as described below.

28 days or 20 weeks post priming, mice were challenged by intravenous (i.v.) injection of 10°
PFU of tissue culture derived MCMV-wt. Five days post challenge lungs, liver and spleen

were collected under sterile conditions and stored at —80°C. Organ homogenates were



the present invention that each and any of the above nucleic acid sequences
can be replaced by nucleic acid sequences which, due to the degeneracy of

t he genetwo 200dego400de for the same WO 2011/ 138040PCT/ EP2GP241002252 35 or
functionally honol og peptides and proteins, respectively, as the above

I ndi cat ed nucl ei c aci d sequences. The present invention is now further
illustrated by the follow ng figures d exanples fromwhich further
features, enbodi nents and advantages nay be taken. More specifically, Fig.
li's a awhasdipeinfeqtioys vas deadyby tsg?@dé@nlb'é%‘fe gvsay 9aMES| ¢ells. Salivary glands

7 QOB SRS ATV ) 8y s 208 B et 15 oo oot on
infected with tissue culture derived MCMV-wt as described in Trgovcich et al. (Trgovcich et
al. 2000 Arch Virol 145:2601-2618). The isolated sgMCMV-w¢ is more virulent compared to
tissue culture derived MCMV-wt (Pilgrim et al. 2007 Exp Mol Pathol. 82:269-279).
Vaccinated B6.IFNapR” mice were challenged with 2x10° PFU sgMCMV-wt and

129.IFNaBR'/' mice were challenged with 2.5x10° TCIDs, tissue culture derived MCMV-wt.

Virus neutralization assay

Heat inactivated serum (56°C, 30min) from 5 immunized mice 12 weeks p.i. were pooled and
serially diluted 1:2 in DMEM containing a final concentration of 10% guinea-pig
complement. Each dilution was mixed with 50 PFU of MCMV-/uc and incubated for 90min
at 37°C and subsequently added to NIH/3T3 cells in a 96 well format. After 1h at 37°C the
virus inoculum was removed and NIH/3T3 medium added. The cultures were incubated for
24h and luciferase activity was determined in cell extracts using the luciferase assay
(Promega, Mannheim, Germany) in a luminometer (Berthold, Bad Wildbad, Germany)

according to the supplier’s and manufacturer’s instructions, respectively.

In vivo cytotoxicity assay

To evaluate CD8" T cell effector function in vivo, splenocytes of congenic CD45.1" Ptpr®
mice were incubated with 2uM of the indicated peptide and stained with 2uM, 0.7uM, or
0.1pM carboxyfluorescein succinimidyl ester (CFSE) and PKH26 Red Fluorescent Cell
Linker Mini Kit according to the manufacturer's instructions (Sigma-Aldrich). At day 6 p.i.,
labeled CD45.1% cells were transferred into B6 (CD45.2") recipients. After 16h spleens of
recipient mice were removed and flow cytometrical analysis of the target cells was performed.
Specific cytotoxicity of target cells was calculated using the equation: % spec lysis = (1 —
ratio unprimed/ratio primed)*100; ratio = (% CFSE low / % CFSE high) (Lauterbach et al.
2005 J Gen Virol 86:2401-2410.). The OVA derived class I peptide (SEQ.ID.NO.9) and
MCMV specific peptides derived from mi39 (SEQ.ID.No.10), ie3 (SEQ.ID.No.11), M57
(SEQ.ID.No.12) and M45 (SEQ.ID.No.13) (Snyder et al. 2008 supra ) were purchased from

Metabion, Germany and were dissolved and stored according to manufacturer’s device.



Fig. 2Cis a survivorship curve indicating survival of mce as a function
of tinme; Fig. 3Ais a diagramindicating virus neutralizing antibody
response WO 20uci3B@pase activity as a function of dil uti ecTaP2&@00m2s2 Fig. 3B
is a diagramindicating the percentage of adaptively transferred T cells at
various tinme points; Fig. 3Cis a di ag%riam I ndi cating the percentage of
specific lysis of transferred cells |IGaded with various viral peptides by
CD8+ T-cells specific for the viral peptides ; Fig. 4is a Wisker bl ot

i ndi cafdpptiv@wapsfer and flgw oitometnigal aBalyssr ansferred T cells in different

nouse 2l Qs ek pf ; ' ' atant i ki d 5B
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indicating the result of a quantitative P dete%ting viral  gene Mb4 in
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erythrocytes were lysed (PharmLyse, BD Biosciences, Heidelberg, Germany) and remaining
cells were incubated with PE-TexasRed coupled a-CD8a (SH10; Caltag, Sacramento, CA,
USA) and PE coupled o-CD45.1 antibodies (A20; BD Biosciences Pharmingen). Flow
cytometrical acquisition was performed using an Epics XL-MCL (Beckman-Coulter) and data

were analyzed using FlowJo software (Tristar, Ashland, OR, USA).

OVA specific CD4" T cells were isolated from spleen and cervical, axillary, brachial and
inguinal lymph nodes of OT-II TCR transgenic mice backcrossed to congenic CD90.1" mice.
After lysis of erythrocytes 3x10° transgenic T cells were injected i.v. into recipient mice one
day prior to infection with 10° TCIDso MCMV. Spleens were removed and splenocytes were
incubated with Fc block (2.4G2; BD Biosciences) and subsequently stained with PE
conjugated a-CD90.1 (HISS51; eBioscience) and PE-Cy5.5 coupled o-CD4 (RM 4-5;
eBioscience). Flow cytometrical acquisition was performed using a FACS Calibur (BD

Biosciences) and data were analyzed using FlowJo software.

Quantification of viral genomes in organ homogenates

Lungs were removed from mice twelve month after infection. Organs were homogenized and
DNA was extracted using the DNeasy Blood & Tissue Kit from Qiagen (Hilden, Germany).
Elution was done with 100 ul of the supplied elution buffer and genomic DNA concentration
of each sample was quantified in duplicates using a NanoDrop ND-1000 UV-Vis
Spectrophotometer. To quantify the viral DNA a quantitative realtime PCR specific for the
MCMV M54 gene (Cicin-Sain et al. 2005 supra) was performed using a specific Tagman-
Probe (SEQ.ID.No.14) and the Tagman 1000 RXN PCR Core Reagents kit on an ABI PRISM
7700 Sequence Detector (Applied Biosystems, Carlsbad, CA, USA). To calculate the viral
genome copy number, a standard curve of the BAC plasmid pSM3fr containing the M54 gene

was included.



Fig. 8is a series of mcrophotographs of cells of different cell-lines

i nfected with and MCW- AniLl57-rec-egf p-AWMR4. Fig. 9A is a schematic overview
of a spres0-20633904hi g. 9B is a series of m crophot ograpr€T/BAEN11/002252

2011/ 138040PCT/ EP2011/ 002252 36 Fig. 9C is a diagram showi ng the results of
a spread-assay Exanple 1: Spread assaé The spread assay described herein
may be used in connection with the ch tacterization of a beta- her pesvi rus
and a human cytonegal ovirus so as to determ ne whether such virus is

spread-deficient. Primary fibroblast cell Iines MRCS for human CW and
NI H 3T, W and conpl enenting cell |ines TCL94/99-BP and NTMd4-7,
resepe%ttaift@gfm“ﬁﬁls pl ated and infected at an MJ of about 0.25 for 1 h and

t hen wBtatistttat ahalgsesi wére HloRBSisingeGraphfad Prisouh {GeaphiPad S®ftwaan d.aafolles Way, ds

eSS ade R EanSo B e Bl g BB Rl
washed,dqr &gl \yréltrel?au% E@{r@aﬁ’%%s A uEHRE RH SRNUNr dSRLAR[NIS DY O/ Af fibhes

unstained but "infected cel
depicting virus load in organs and in vivo cytotoxicity, the median is given. Comparison of

the neutralizing antibody response in mice vaccinated with MCMV-wt or MCMV-AM94 was
performed with the two-way ANOVA test. Comparison of percentage of T cell proliferation
and quantification of virus in organs or viral genomes was done with the two-tailed Wilcoxon
rank sum test using website http://elegans.swmed.edu/~leon/stats/utest.cgi. Asterisks denote

statistical differences (*, P <0.05; **, P <0.01; ***, P <0.001).

Example 4: MCMV-AMY94 is spread-deficient

The HCMYV virion protein pUL94 is essential for virus replication (Dunn et al. supra) and is
expressed with late kinetics (Wing et al. supra). It has been found that pM94, the MCMV
homolog, is also essential and plays a crucial role in a post nuclear step of virus maturation. In
order to trans-complement the essential M94 gene product and reconstitute an M94 deletion
mutant the NIH/3T3 derived complementing cell line NT/M94-7 harbouring the M94 gene
under control of the TRE promoter was generated. The TRE promoter is only active in the
presence of the Tet trans-activator (tTA). To provide the tTA for trans-complementation of
pM94 the tTA expression cassette was introduced into pSM3fr (Messerle et al. supra)
disrupting M94 generating pSM3fr-AM94. MCMV-AM94 virus was reconstituted by
transfecting NT/M94-7 cells (Fig.1). Next, multistep growth analysis infecting NT/M94-7
cells as well as parental NIH/3T3 fibroblasts with MCMV-AM94 or MCMV-wt were

performed.

The results of this Example are shown in Fig. 2. In Fig.2A Parental NIH/3T3 (circles) and
NT/M94-7 fibroblasts (boxes) were infected at 0.1 TCIDs¢/cell with MCMV-wt (wt; closed
symbol) or MCMV-AM94 (AM94; open symbol). At indicated days, infectious virus in the
supernatant was quantified on NT/M94-7 cells by TCIDso endpoint titration. Shown is the

mean +/-SD of titrated duplicates. At day 5 p.i. supernatants were additionally titrated on



48 (nmouse CW) and 72 hours (human CW) after infection the co-cultures
were fixed wwth 4 % Par af or mal dehyde (PFA) in D-PBS for 10 mn at 37C and
washed armwlopervmssdabi zed with 0.1 % Triton X100 for 10 mPoT/ERRG14/002252 pl e
washing, cells were blocked with 3 % BSA/D-PBS for 1 h. Inmmediate early
staining was perfornmed by incubating fixed cells with a primary anti body
agai nst the imedi ate early gene prodﬂ%t of the CW, nore specifi cally
nonocl onal anti body Croma 101 ((1gGlL iso pe speci f¢ for
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Keil e l J Virol. 61(2): 526- 533.) and nonocl onal
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i medi ate early 1 ((Plachter et al. 1993 Virol ogy 193, 642-652),
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wer e werpinesdinglve e werenagnitared.ihpergfedirbyost orfésioal i cr oscopy using an LSM 510
Meta (Zeiss). To determ ne whether a CW strain or nmutant is
spread-deficient cells infected with wild type CWs are used as positive
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(Iyer et al. 2009 Ann. Emerg. Med 53:792-795). To exclude acquisition of the M94 gene



38 cells are washed three tinmes and imaged by UV mcroscopy . Cells
infected with wild type nouse CW are used as positive control and counted
i redi at eveaniyi3go4positive cells using the I naged Cell €oumpesi1oha2g2 n
(Rasband supra). Exanple 3: Materials and nethods Cells and m ce The
fibroblast cell Iine NIH 3T3 and BALB/ e derived nmurine enbryonic

fi broblasts (MEF) were cultured as de®®ribed in Gicin-Sain et al.,
(CGicin-Sain et al. 2005 J Virol 79:9492- 9502;“1). C57BL/ GME\éB_G) m ce,
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by t hewliRBWR IR Mifhial GRigHt 16RFEL2C R 1R oRANAEH, MCMPLOMBY cBEld be safely
55. 2- 1- 54- 2531-111- 07) or the Ethics Comrittee at the University of

Ri j ekaprodesedraad ieven mimuhedeficiens nuieerisleraed MY \CAM94 infectif/ MD4- 7 The

condi tional trans-conplenenting cell |ine NT/M4-7 was generated accordi ng
to (Lotzerich et al. supra). Briefly, the M4 ORF was anplified from pSM3fr
(Sacher et al. 2008 Cell Host M crobe 3:263-272.) using prinmers HAMDA4f or
(SEQ 1D. No.1) and Mb4rev (SEQ. ID. No.2) thereby introducing an HA tag at the
Nt er nExampletiie MEGMY-AMA4 indueesneysealizing antibodyand | el ResPonsssd i nsert ed
into the BanHl - and Nhel - cl eaved pTRE2Hyg vector (BD Bi osci ences C ontech,
Hei del berg, Germany), resulting in pTREHAMB4( SEQ | D. NO: 22) putting HAMR4
expr esBod?nNindididpnHAVRdutlieingi tibedide pthatt prévem BED dnByNS: 8 problerden HEMV

contro] of the tetracycline (tet) in i ble pronofer. e N H.3T3
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NT/ I\/94nég§fiﬁ ' %n%%}/sh 4SOP }%EPZOMI 002252 39 cl ones vai t hﬁat he respective
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2010. the neutralizing capacity of the antisera. Inmunization with MCMV-AM94 induced a slightly
lower amount of neutralizing antibodies than with MCMV-wt (Fig.3A, p<0.05) whereas
immunization with UV irradiated MCMV-wt abolished the induction of neutralizing

antibodies confirming published observations (Gill et al. supra ).

The results of this example are shown in Fig.3. In Fig.3A B6 mice were immunized i.p. with
10° TCIDsy MCMV-wt (wt; closed circles), MCMV-AM94 (AM94; open circles) or mock
infected (PBS; gray squares). Blood was collected 12 weeks p.i. and virus neutralizing
capacity of the serum was determined using MCMV-/uc. Neutralizing antibody levels of
MCMV-AM94 immunized mice were significantly lower than antibody levels of MCMV-w¢
immunized mice using two-way ANOVA testing (P = 0.04). Values represent the mean + SD

of measured serum pools. RLU = Relative Luciferase Units, BG = background.

In Fig.3B after adoptive transfer of 3x10° OT-1 CD8" T cells (upper panel), B6 mice (n=5)
were infected i.p. with 10° TCIDsp MCMV-ova (wt-ova; closed bars), MCMV-ova-AM94



Generation of reconbinant viruses Reconbi nant nouse CW (MCW) nutants were
derived fromthe MCOW bacterial artificial chronosone (BAC) clone pSM3fr,
ori gi nat esof2zoom38nt h strain (Messerle et al. 1997 ProcpiatEP2@ca2Szi U S A
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al . sURRIMERMEXR(ESD.G1)e t TA transactivation gene under control of the IEP

necessary for trans-conplenentation of pM4 (SEQ ID: NG 30). A linear DNA
fragnent containing the tTA cassette, the Kan' and viral honol ogy sequences
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3'-end of MP4. Again FLP reconbi nase was expressed for excision of the
Karl'. Construction of pSMBfr-AM4, pSM3fr-ova- AWR4, pSMBfr-fl ox-ova- AMB4
and pSMBfr - Anil57-rec- egf p- A4 was confirnmed by restriction digest analysis
and sequencing. Viruses were reconstituted from BAC DNA, propagated on



41 NIH 3T3 or conplenmenting NT/M4-7 cells. For the determ nation of virus
replication in vivo virus | oad was determ ned by standard pl aque assay as
pl ague f owoizop/wsi4bs (PFU) per gram organ as descri bed e6aareriim22al .
supra). Spread-deficiency of each virus stock of M4 deficient nutants
(MCW- AMB4, MCW-ova- A4, MCW-f | ox- gva- A4 and MCWANL57-r ec- egf p- AMB4)
was confirnmed by the absence of pl aquﬁsformatl on after infection of

non- conpl enenti ng MEF, al t hqugh CPE of i ndi VI dual | é_AI nfected c fll\ﬁ:l\\/ff@s
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at 4C. . Mida2lbid ff geiNtyLby was decreased by factor 2.4x107. The sane
treatment” was sufficient to abolish viral gene expression when
MCWAML57-rec-egf p was subjected to different doses (0.5, 1.0 and 1.5
kJ/cnmR) of UV light and subsequently titrated on MEF. After 4 days post
infection (p.i.) EGFP expression was nonitored in single infected cells if
virus p@smpler2di RERGfWiral tdr3ét SIEQpedincCPE’ Tkl Rtividond no EGFP

expressron was seen after strong |rrad| ation (1.5 kJ/cnR). Untreated
MCWANLS57-rec-egf p formed EGFP+ pl aques | muni zati on and chal | enge of m' ce
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were inmmuni zed with 1x105 TCl D50 MCW-wt or MCOW-del tavB4, 129.1FNal 3R-/ -
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B6. | F 4 t m ce
recei D&gs%ﬁu C\MIF lt](r\r}:%el)sf o?gisggpéjlj‘ ﬂ%oggg m ce, 29% S pr oceda}yeap\l}%sdsrgéégg% ed 14
days peontritoeioa ofdhfeetivredf tiffenenticed tmeswaetkes gmeratlwneoﬁarusﬁ'uham CGR]'EF welhe

loscr | TBERPS bt e ety oG onio VM Wb cominedt ot sandtanel e @it eoiia by
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Fi ve days post challenge lungs, liver and spleen were collected under
steri I@deyaft@r\@rmdd@tedrrwnmmatwc Organ honogenates were WO
2011/ 138040PCT/ EP2011/ 002252

One day prior to i.p. injection of 10° TCIDsy of MCMV-flox-ova-AM94 (AM94-flox-ova),
MCMV-ova-AM94 (AM94-ova), MCMV-wt (wt) or PBS 3x10° congenic OT-I CD8" T-cells
were transferred i.v. into B6, Alb-cre and Tie2-cre mice. At day 6 p.i. a flow cytometrical
analysis was performed on PBL for the congenic marker CD45.1 and CD8. Boxes represent
the ratio of OT-I cells per CD8" cells as a pool of 3 independent experiments and extend from
the 25 to the 75 percentile. The lines indicate the median. Whiskers extend to show the
extreme values. The P-values were obtained applying a two-tailed Wilcoxon rank sum test,

(**, P <0.01; *** P <0.001). The results are shown in Fig.4

Endothelial cells (EC) and hepatocytes (Hc) are among the first target cells infected by
MCMV in vivo (Sacher et al. supra). Whether these cell types contribute to CD8" T cell
activation was addressed by infecting mice that express Cre recombinase selectively in
vascular EC (Tie2-cre) or Hc (Alb-cre). One day after adoptive transfer of OVA specific
CD8" T cells mice were infected with 10° TCIDso of spread-deficient MCMV-flox-ova-

AM94. Hc are the main producers of infectious virus during the first few days of infection and



42 anal yzed for infectious virus |load by standard plaque assay on MEF
cells. Salivary glands derived MCW (sgMCW-wt) was generated as a
honogenatwoabiigdbiswary gl ands fromm ce infected w th tipesmEP2aulodzzse
derived MCW-w as described in Trgovcich et al. (Trgovcich et al. 2000
Arch Virol 145:2601-2618). The i sol at%g sgMCW-wt is nore virulent conpared
to tissue culture derived MCW-w (PiTgrimet al. 2007 Exp Ml Pat hol.
82:269-279). Vaccinated.B6.1FNctr3] e i were chal l enged with 2x105 PFU
sgl\/CMﬂrW(h %mde fgsswre mgra@nn&acf@n%&o@alcrﬁa&%aa@obwﬂeﬂe@o@klfe% SR 6 B ssue
cul t ot MEQQ/ £ Wducttdd 4 d‘ﬁA'te&gJekﬁéﬁ i MRS ERE Hc%gaue\a%%@er um
(56C, mn) I nmuni zed mi ce weeks p.1. were pooled and serially
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For " SOMPR iR GrelHer LB SeaaRsa 14 OYARRFeL S KPRy 3TSIE a1 SHPeTET @%O%Wff“ =

for mat exgﬁéskr%h it BC. atherbf6re! fifeclioh ¥ BORAKE HRrbRse: cBARbaHoR A thblihi @ Tidn BEdi um
added. The cultures were incubated for 24h an Iu0| ferase activity was
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cytot Op@oﬁmiysnaﬁ&a\'AT@e@l\ﬁ@l Op8E TSI tHart ekﬂressiéregeuwhvémﬁm(o [ TieR-ore \ice
spl enocyt es of congenl c CD45. 1+ Ptpre mce were incubated with 211M of the

i ndi cainéagtedepith MCHNGAM - Hexrovgst r <OLA additionaleelbiypes gegm fg be involved in

car boxyf] uor S ini m, d n g it
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( Si gneredpotisescatier cAll tﬁ&yspGCuﬁcIrecodllabﬂi(ﬂdznﬁmﬁprb*e delt MCMBF-A M94aissebleed i nt o
B6 (CD45.2+) recipients. After 16h spleens of recipient mce were renoved
and f | Beasyansel FQ:%ﬂ Lanalysis of the target cells was performed. Specific
cytotoxicity of target cells was cal cul ated using the equation: % spec
lysis = (1 - ratio unprinmed/ratio prinmed)* 100; ratio = (% CFSE low / %
CFSE hTlgh pxpdramdnealbdethilsein &bnne2€i0b Withehis\ﬁ'xamm@&emom 2dditon .to Tthe ab¢a

Fr om rsGR BB - E0) o2 any Wsier SN Y FYARER A4 b RO ED) and NS
(SEQ I D. No. 13) (Snyder et al. 2008 supra ) were purchased from Met abi on,

Germany and were di ssol ved and stored according to manufacturer’'s device.
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reci Pl § c r t . To
foll ow%eQ%‘ggéi.g%en?O‘ﬁggﬁaj@%”gr%@el?‘&%dfnf#uf’h%” C"l&’t’ %‘6@ (t]ﬁg E& Was taken 3, 6
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anti bo Higgci ences Pharm ngen) Fl ow cytonetrical acquisition
was peI:il g%me S’ieﬁg?’ ar11 Epi cs XL- MCL (Becknman-Coulter) and data were

anal yzed using FlowJo software (Tristar, Ashland, OR USA).

Example 8: MCMV-AMY94 protects against challenge with MCMV-wt¢

In order to test protection of MCMV-AM94 against lethal challenge, B6 mice were infected
with either spread-deficient MCMV-AM94, the attenuated strain AmO0I-17+mi44-158-
MCMV (Cicin-Sain et al. 2007 J Virol 81:13825-13834) or MCMV-wt. A boost infection was
applied 4 weeks later with the same dose. 20 weeks after priming mice were challenged i.v.

with 10% TCIDs, tissue culture derived MCMV-wt. Most remarkably, already a singular



OVA specific CD4+ T cells were isolated fromspleen and cervical, axillary,
brachi al and inguinal |ynph nodes of OI-Il TCR transgenic m ce backcrossed
t o congerwo 2€D2G8@oni ce. After lysis of erythrocytes 3xPOF/HPe@nsgEs2c T
cells were injected i.v. into recipient mce one day prior to infection

wi th 105 TCI D50 MCW. Spl eens were reggved and spl enocytes were incubated
with Fc bl ock (2. 462 BD Bi osci ences) “and subsequently stained with PE
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a NanoDrop ND-1000 UV-Vis Spectrophotoneter. To quantify the viral DNA a
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prese% c@rgpg%ﬁ&? trans-activator (tTA). To provide the tTA for
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super nat ant of MCW-AMB4 infected NI/ MR4-7. p.i. = post infection;

DL=det ectworroi/md4no As shown in Fig. 2B Parental N H 3Tecirreen/opzsel ) and
NT/ MB4-7 (upper panel) fibroblasts wetle infected with

MCW- AmL57-rec- egf p- AMB4. At indicated time points EGFP expressing cells
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The results of this Example are shown in Fig. 6.

In Fig.6A B6.IFNaBR'/' (n=6) mice were immunized i.p. with 3x10° TCIDso MCMV-wt (wt;
black circles) or MCMV-AM94 (AM94; open circles). Control groups of B6.IFNapR™ (gray
circles) or B6 (gray triangles) were treated with PBS. Four weeks later challenge infection
was performed by i.p. injection of 2x10° PFU salivary glands derived MCMV (sgMCMV-wf)
mice and survival was monitored.

In Fig.6B 129.IFNapR™ mice 4 weeks previously immunized with 2.5x10° TCIDsp of
MCMV-AM94 (AM94; open circles, n=8), or UV irradiated MCMV-wt (wt UV; closed
triangles down, n=8) were challenged with a lethal dose of MCMV-wt (see Fig.2C) and
survival was monitored. A 10 fold higher dose of MCMV-wt was applied to mice immunized

with MCMV-AM94 (n=7) (open triangles).

B6 mice profit from an Ly49H-dependant activation of natural killer cells resulting in a strong
innate immune response stimulated by the MCMYV protein encoded by m/57 (Sun et al. 200§.
J. Exp. Med. 205:1819-1828.). 129.IFNaBR”" mice do not express Ly49H and are even more
susceptible to MCMYV infection than B6.IFNapR” mice. 129.IFNapR™ mice were vaccinated
with MCMV-AM94 and challenged 4 weeks later with a dose of 2.5x10° TCID*® tissue

RECTIFIED SHEET (RULE 91) ISA/EP



(lyer et al. 2009 Ann. Enmerg. Med 53:792-795). To exclude acquisition of
the MB4 gene WO 2011/ 138040PCT/ EP2011/ 002252 46 t hrough reconbi nation via
honol ogowsozenuss@es bet ween MCW- AN 94 and t he conpl enentriergoiambizst i ne
honol ogi es were careful |y avoi ded during virus construction. Replication
conpetent virus indicative of reconbination between the deletion virus and
the MB4 gene expressed by NI/ M4-7 was2 never observed. In order to
|nvest|giate the safety of MCM/- AN 94 for vaccination studies |n a hiahly
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probl emin HCW ection (Lan np | mmunol M crobi ol
Infect Dis 14:97-105). Therefore, the neutral i zing anti body response to
MCW-wt and MCW- AN 94 was conpared 12 weeks post i nmruni zation. Seri al
dilutions of sera were mxed with a luciferase expressing MCW (MOW-/uc)
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detected in all mice tested (Fig. 7A and B) proving that the genome of MCMV-AMY94 is
maintained. Interestingly, the genome numbers detected in lungs one year after infection with
MCMV-AM94 and MCMV-wt were not significantly different (P > 0.05). This finding proved
that at least some of the first target cells are not lost after infection either due to virus-induced
cell death or elimination by the immune response. In summary, these data also provide first

evidence that virus spread is not necessary for long-term genome maintenance and that first

target cells of MCMV-AM94 may be able to contribute to a more sustained immune response.

The results of this example are shown in Fig.7.

B6 mice were infected i.p. with 10° TCIDso MCMV-wt (wt) (n=5) or MCMV-AM94 (AM94)
(n=6). Twelve months p.i. total DNA was extracted from lungs. (Fig.7A) PCR analysis was
performed obtaining a specific 246 bp fragment of the polymerase gene M34. As controls
DNA from lungs five days after infection with 10° TCIDsy MCMV-wt (wt acute) (n=5), PBS
(1), no template (2) or the BAC plasmid pSM3fr (3) were used. (Fig.7B) Quantitative realtime
PCR analysis was performed and viral M54 gene copies were calculated per nug genomic
DNA. Each symbol represents one individual mouse. Horizontal bars show the median of

each group. Genome copy numbers of MCMV-w¢ (wf) and MCMV-AM94 (AM94) are not



(A11194- ova; open bars) or PBS (gray bars). At day 3, 6 and 8 p.i. flow
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represents the nean + SD of the indi cat ed group; (**, P <0.01). In Fig.3C
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Endot helial cells (EC) and hepatocytes (Hc) are anong the first target
cells infected by MCOW in vivo (Sacher et al. supra). Wether these cell
types corwoi2butiesi4o CD8+ T cell activation was addr esse@CiEPeoxfidei2sng m ce
t hat express Cre reconbi nase selectively in vascular EC (Tie2-cre) or Hc
(Alb-cre). One day after adoptive transfer of OVA specific CD8+ T cells
mce were infected with 105 TCI D50 of >6pread-defici ent MOW-f | ox- ovaAVRA4.
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MCW- AMR4-f | ox-ova; P <0.01) additional cell types seemto be involved in
antigen expression and T cell stinulation. In addition, the significant
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2011/ 1
in lungs after i.p. infection, showing that virus can disseminate either as free particles (Hsu et

al. 2009 J Gen Virol 90:33-43) or associated to cells. Monocytes and macrophages were
shown to be attracted to the peritoneal cavity after infection and transport the virus in blood
(Stoddart et al. 1994 J Virol 68:6243-6253; , van der Strate et al. 2003 J Virol 77:11274-
11278). These cells could also release virus at distant sites to infect EC or other cell types, a

process called trans infection (Halary et al. 2002 Immunity 17:653-664).

The spread-deficient betea-herpesvirus vaccine presented here, has a strong protective
capacity similar to wild type CMV infection. The immune response of the vaccinee controls
virus replication in all analysed organs preventing overt CMV-disease. The absence of
detectable amounts of infectious virus in salivary glands of long-term vaccinated mice two

weeks after challenge implies that also horizontal transmission to other individuals via saliva



50 i nmuni zati on dose of MCW-AWMB4 was al ready sufficient to strongly
suppress MCW-wt replication by 10,000 fold in lungs, 1,000 fold in |iver
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Infection of susceptible IFNapR ™ mice with spread-deficient MCMYV proved the safety of the
vaccination concept. Furthermore, IFNaBR” mice were protected against otherwise lethal
challenge, similar to other infection models (Calvo-Pinilla et al. 2009 PLoS One. 4:e5171;
Paran et al. 2009 J Infect Dis 199:39-48). Although recent work revealed the capacity of
MCMV to efficiently induce type I interferon (Hokeness-Antonelli et al. 2007 J Immunol
179:6176-6183), the efficacy of the spread-deficient MCMV vaccine in IFNafR™” mice



In Fig.6B 129.1 FNal3R4" m ce 4 weeks previously imunized with 2.5x105

TCI D50 of MCW-AMB4 (AMB4; open circles, n=8), or W irradiated MCW-wt (w
UV; cl osaewlotnilznsgi4es down, n=8) were chall enged with a PETHRR01AO8225Df
MCW-wt (see Fig.2C) and survival was nonitored. A 10 fold hi gher dose of
MCW-wt was applied to mice i mmunized_w th MCW-AM4 (n=7) (open
triangles). B6 mce profit froman Lyﬁ H dependant activation of natural
killer cells resulting.in a strong innate inmune response sti mul atfed gy t he
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attacked by the adaptive immune reponse (Tibbetts et al. 2006 Virology 353:210-219.). For

MCMV-wrt it was shown that T cells are activated against a highly antigenic virus epitope of
M45 presented by professional APC but the activated T cells did not eliminate infected target
cells in organs of C57BL/6 mice (Holtappels et al. 2004 J Exp Med 199:131-136). This
protection was caused by m/52, that is known to downmodulate MHC class I. The target cells
that are protected from CD8" T cell elimination were not identified and it could be shown that

at least some of these protected cells are first target cells of MCMV.



WD 2011/ 138040PCT/ EP2011/ 002252 53 significantly different (P > 0.05). Both
groups are significantly different conpared to acutely infected |ungs (w
acute) (*WO0,200/880401). MA:Enol ecul ar wei ght marker; DL= ®#er&PpRéionoi2sm t .
(Fig.7C and Fig.7D) B6 mce (n=5) were inmmunized i.p. with 105 TClI D50
MCW-wt (wt; closed synbols), MOW-AMD4 (AMB4; open synbols),
An01- 17+nl44- 158- MCW (AA; gray synbolsg) or PBS (i ght gray symbols). Virus
preparations were UV-irradi ated before i m’rum zation Lé\éé as indicated.
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repor t@celhdPt) RLoA @h@ @awlhagpotheaﬁ%érn@nd BRs Mmamavh denyadiAPGsithy are
°Br ol SPUNIRFI s PRSP HRELAS, LD B PALSOR, R MRS
conpr o@DS‘écr ¢ellcespohise vid@ass pitebaitatioif ggainso IM(OM\I hﬁ"ednans(ﬂ(emegelt Slt;ﬁh) dni s
suffi C.alld(%irllttlorlc t%rE(% Lell(l:s((:)eost}Sléruc!ellvtz)iq():é:sl srg‘%;[nl t(())ncontrlbute2 8)1&‘)%3% ce lPsct':lIr/lu ali)tgc?nlg's{ e(l)n(%lzg%r?z o4
expression in most infected cells led to a stronger T cell response than expression in infected
EC only. Infected dendritic cells and macrophages were described to activate a T cell
response against MCMV in vitro (Mathys et al. 2003 J Infect Dis 187:988-999) and are
infected in vivo (Andrews et al. 2001 Nat Immunol 2:1077-1084). Therefore, it suggests itself
that infected professional APC contribute to immune stimulation against MCMYV in addition
to EC. It appears noteworthy that the attenuated human CMV strains such as Towne and
AD169 which are characterized by a 20-fold reduction of immunogenicity and the inability to
confer immune protection (Adler et al. supra) accumulated mutations resulting in their
inability to infect EC, epithelial cells, smooth muscle cells and macrophages (Hahn, G. et al.

2004 J Virol 78:10023-10033). Thus, it appears likely that the restricted cell tropism may in

fact represent the cause for their failure as human CMV vaccines.
Example 13: Spread-Assay of MCMV-AMY%4
The phenotype of MCMV-AM94 was analyzed in cell-to-cell spread. This was investigated

by an in vitro spread assay as essentially described herein in Example 1 with the following mo

modifications
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WO 2011/ 138040PCT/ EP2011/ 002252 58 The results of this Exanple are shown in
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2011/ 1z%%9§'19? € é(l)zrl?ezcg %‘é"p{lgc%%aze?l? 015 t%e sequences from nt 130670 to 131243 (according to the
numbering of the BAC referred to herein as SEQ.ID.No:20) was confirmed by restrictions
pattern analysis and sequencing. (d) To remove the zeocin cassette from the UL99 locus, a
final round of red-recombination was induced in liquid culture of pTB40E-BAC4-delUL94-
delUL99-Szeo as above (see b) herein). Recombinants, which were coined pTB40E-BAC4-
del94-del99, were selected by picking single clones after plating of the recombinants on LB
agar plates in the presence of 25ug/ml chloramphenicol 1% of L-arabinose. The correct
removal of the operational sequences from the UL99 locus were confirmed by restrictions

pattern analysis and sequencing. 1. The description of the BAC modifications in the new

way are the following:

M1) To generate a non-functional UL94 (or inactivate the UL94 gene) the nt sequence of
pTB40E-BAC4-FRT (SEQ.ID.No:20) between nt 122630 and nt 123668 is replaced by the
synthetic fragment delUL94S (SEQ.ID.No:34).
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human CMYV strains such as TB40E or VR1814 assayed on endothelial-or epithelial cells
(such as HUVEC [ATCC CRL 1730] —or ARPE-19 [ATCC CRL2302], respectively, than
against the same virus assayed on human fibroblasts cell line ( such as MRC5, ATCC CLL-
171). In addition, specific antibody response is detectable against the gene products of
UL130, UL128, or UL131A by Western blot (whereby it is sufficient that at least one

specificity is seen).

The following deletions of the indicated genes result in recombinant human beta-
herpesviruses which are spread-deficient:

Effector ULS50 gene ULS53 gene UL94 gene UL99 gene

complex
NEC +
NEC +
NEC + +
SEC +
SEC + +




The phenotype of the UL94-UL99 doubl e deletion CW reconstituted from
TB40E- BAC4- FRTdel94-99 was tested in cell-to-cell spread. This was

i nvesti gaveaotisgmbect i on of MRCS and TCL94/ 99- BP cel | s pa3/EP3sienvizat | y
described in Exanple 1 herein, with CWs reconstituted from

TB40E- BAC4- FRT- del194- de199 and TB40E- BAC4- FRT, respectively, followed by
renoval of excess virus by extensive Q%shing after infection. Next, CFSE
stained MRCS cells were added _and virus replication was permtted. After
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i ncrease of double positjve cells in MRCS after infection with
TB40E-ﬁﬂéﬂyﬁgﬁnﬂéEU%KH@EBQUFEm&8%€ﬁ8§P9% to a deficiency in cell-to-cel
spread. Exanpl e 15: I mrunization with spread-deficient human CW After
primary inmunization with an additional boost with spread-deficient human
CW the human sera exhibit at |east 64-fold higher neutralizing potency
agai nst endotheliotropic a human CW strains such as TB40E or VR1814
assayed on endothelial-or epithelial cells (such as HUVEC [ ATCC CRL 1730]
-or ARPE-19 [ ATCC CRL2302], respectively, than against the same virus
assayed on human fibroblasts cell line ( such as MRCS, ATCC CLL171). In
addition, specific antibody response is detectable against the gene
products of UL130, UL128, or UL131A by Western bl ot (whereby it is
sufficient that at |east one specificity is seen). The foll ow ng del etions
of the indicated genes result in reconbinant hurman bet aher pesviruses which
are spread-deficient: Effector conplex UL50 gene UL53 gene UL94 gene UL99
gene NEC
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NEC + NEC +
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Claims
1. A beta-herpesvirus, preferably a recombinant beta-herpesvirus, wherein the beta-

herpesvirus is spread-deficient.

2. The beta-herpesvirus according to claim 1, wherein the beta-herpesvirus is

endotheliotropic and /or has a wild type-like virion surface.

3. The beta-herpesvirus according to any one of claims 1 to 2, wherein the beta-

herpesvirus is endotheliotropic and has a wild type-like virion surface.

4, The beta-herpesvirus according to any one of claims 1 to 3, wherein the beta-
herpesvirus is suitable to or capable of inducing an immune response, wherein preferably the
immune response comprises neutralizing antibodies against beta-herpesvirus and CD4" and

CD8" T-cells directed against epitopes of beta-herpesvirus.

5. The beta-herpesvirus according to claim 4, wherein the immune response comprises
neutralizing antibodies, wherein beta-herpesvirus is prevented from infecting endothelial cells

and/or epithelial cells by the neutralizing antibodies.

6. The beta-herpesvirus according to claim 5, wherein beta-herpesvirus which is
prevented from infecting endothelial cells and/or epithelial cells by the neutralizing

antibodies, is a pathogen, preferably a human pathogen.

7. The beta-herpesvirus according to any one of claims 1 to 6, wherein the beta-

herpesvirus is a human beta-herpesvirus.

8. The beta-herpesvirus according to any one of claims 1 to 7, wherein the beta-

herpesvirus is a cytomegalovirus.
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9. The beta-herpesvirus according to any one of claims 7 and 8, wherein the beta-

herpesvirus is a human cytomegalovirus.

10.  The beta-herpesvirus according to any one of claim 1 to 9, preferable claim 9, wherein
the beta-herpesvirus is deficient in at least one gene product involved in primary and/or

secondary envelopment.

11.  The beta-herpesvirus according to claim 10, wherein the at least one gene product is

involved in primary envelopment

12.  The beta-herpesvirus according to claim 11, wherein the at least one gene product is
encoded by a gene selected from the group comprising UL50 and UL 53 and homologs of

each thereof.

13.  The beta-herpesvirus according to claim 10, wherein the at least one gene product is

involved in secondary envelopment.

14.  The beta-herpesvirus according to claim 13, wherein the at least one gene product is
encoded by a gene selected from the group comprising UL94 and UL99 and homologs each
thereof.

15.  The beta-herpesvirus according to any one of claims 1 to 14, wherein the beta-
herpesvirus comprises a nucleotide sequence, wherein the nucleotide sequence comprises a
first nucleic acid sequence represented by nucleotides 1 to 122630 of the nucleotide sequence
according to SEQ.ID.NO:20, a second nucleotide sequence represented by nucleotides
123668 to 181652 of the nucleotide sequence according to SEQ.ID.NO:20 and a third
nucleotide sequence represented by nucleotides 189192 to 233681 of the nucleotide sequence
according to SEQ.ID.NO:20 and wherein nucleotide 122630 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucleotide 123668 of the nucleotide
sequence according to SEQ.ID.NO:20 and wherein nucleotide 181652 of the nucleotide
sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 189192 of the
nucleotide sequence according to SEQ.ID.NO:20.



WO 2011/ 138040PCT/ EP2011/ 002252 63 The features of the present invention
di sclosed in the specification, the clains, the sequence listing and/or the
dr awi ngs wayohoitsko4eeparately and i n any conbi nati on thereofEpb@imed2ezi al for
realizing the invention in various fornms thereof. It has to be acknow edged
that the sequence listing is part ofné?e I nstant specification. WO
2011/ 138040PCT/ EP2011/ 002252 64 d ai 1. A beta-herpesvirus, preferably a
reconbj nant_ bet a- her pesyi rus, erein the betaherpesvir IS .
Spreadejef iEheehgt_a-herIPesv1ms accormg to any one of (?lalmsp? to lhl,swlhgrem the beta-
herpesvirus comprises a nucleotide sequence, wherein the nucleotide sequence comprises a
first nucleic acid sequence represented by nucleotides 1 to 122630 of the nucleotide sequence
according to SEQ.ID.NO:20, a second nucleotide sequence represented by nucleotides
123668 to 181652 of the nucleotide sequence according to SEQ.ID.NO:20, a third nucleotide
sequence represented by nucleotides 189192 to 233681 of the nucleotide sequence according
to SEQ.ID.NO:20 and a fourth nucleotide sequence comprising a nucleotide sequence

according to SEQ.ID.NO:34.

17.  The beta-herpesvirus according to claim 16, wherein nucleotide 122630 of the
nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 34, wherein nucleotide 252 of the nucleotide
sequence according to SEQ.ID.No: 34 is covalently linked to nucleotide 123668 of the
nucleotide sequence according to SEQ.ID.NO:20 and wherein nucleotide 181652 of the
nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 189192 of
the nucleotide sequence according to SEQ.ID.NO:20.

18.  The beta-herpesvirus according to any one of claims 1 to 14, wherein the beta-
herpesvirus comprises a nucleotide sequence, wherein the nucleotide sequence comprises a
first nucleic acid sequence represented by nucleotides 1 to 122630 of the nucleotide sequence
according to SEQ.ID.NO:20, a second nucleotide sequence represented by nucleotides
123668 to 130670 of the nucleotide sequence according to SEQ.ID.NO:20, a third nucleotide
sequence represented by nucleotides 131243 to 181652 of the nucleotide sequence according
to SEQ.ID.NO:20 and a fourth nucleotide sequence represented by nucleotides 189192 to
233681 of the nucleotide sequence according to SEQ.ID.NO:20 and wherein nucleotide
122630 of the nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to
nucleotide 123668 of the nucleotide sequence according to SEQ.ID.NO:20, wherein the
nucleotide 130670 of the nucleotide sequence according to SEQ.ID.NO:20 is covalently
linked to the nucleotide 131243 of the nucleotide sequence according to SEQ.ID.NO:20 and
wherein the nucleotide 181652 of the nucleotide sequence according to SEQ.ID.NO:20 is
covalently linked to the nucleotide 189192 of the nucleotide sequence according to

SEQ.ID.NO:20.



2. The beta-herpesvirus according to claim1, wherein the beta-herpesvirus
I's endotheliotropic and /or has a wild type-like virion surface. 3. The
bet a- her pgevnrss@ocor ding to any one of clains 1 to 2, pam@aPeéin/ovizs:2

bet aherpesvirus is endotheliotropic and has a wild type-like virion
surface. 4. The beta-herpesvirus accgéding to any one of clainms 1 to 3,
wherei n the betaherpesvirus is suitab to or capable of inducing an i mmune

response wherein preferably the inmune respo C t
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claim wherel n the i nmune response conprises neutralizing antibodies,
wher ei firsbeadeib acidesyuangs régeentedent maldotidas 1 td m63ﬁg)fehnjomdie¢t1®I sequdnice

and/ or e |theI| t he neutr al ti bodi
ot o e Bl o SEGTBINOMD. 14 Sefanih paclegidl stienes demesenl, by uclagtides
preveniegeg i& modvfoqmth@ auae&mehs%hualcecaeédral ng/SEQ.APNGD] Athikehlckedtdet he

neutralizing anti bodies, is a pathogen, preferably a hunen pathogen. 7.
The beteguénse pervsantss! lacmanimtrdgs tlélmt%kﬁé 662 of thxi Imstlepttdé sequeppe pedording e

bet aher huran her pesvi ru V.
accor PR AP BB respiflaRkes SEHRA k3T by GO 1ASLO AT
cyt onmegrRltRy ifudkeotidd\Bedidnbe 1 3E&RAARETIOERH. D NEP262 a6$fth9 nudle6tide sequence
bet a- her pesvi rus accordlng to any one of clains 7 an wherein the

bet ahe¢qpeyisingug nucleptidgnsiqueneco segudingi touSEQ.ID.No: T and a3kt mucleotide
sequence comprising a nucleotide sequence according to SEQ.ID.No: 35.

20.  The beta-herpesvirus according to claim 19, wherein nucleotide 122630 of the
nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 34, wherein nucleotide 252 of the nucleotide
sequence according to SEQ.ID.No: 34 is covalently linked to nucleotide 123668 of the
nucleotide sequence according to SEQ.ID.NO:20, wherein nucleotide 130670 of the
nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 35, wherein nucleotide 67 of the nucleotide
sequence according to SEQ.ID.NO:35 is covalently linked to nucleotide 131243 of the
nucleotide sequence according to SEQ.ID.No: 20, and wherein nucleotide 181652 of the
nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 189192 of
the nucleotide sequence according to SEQ.ID.NO:20.

21.  The beta-herpesvirus according to any one of claims 1 to 14, wherein the beta-
herpesvirus comprises a nucleotide sequence, wherein the nucleotide sequence comprises a
first nucleic acid sequence.represented by nucleotides 1 to 58442 of the nucleotide sequence
according to SEQ.ID.NO:20, a second nucleotide sequence represented by nucleotides 59623
to 181652 of the nucleotide sequence according to SEQ.ID.NO:20 and a third nucleotide
sequence represented by nucleotides 189192 to 233681 of the nucleotide sequence according
to SEQ.ID.NO:20 and wherein nucleotide 58442 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 59623 of the nucleotide sequence according
to SEQ.ID.NO:20 and wherein nucleotide 181652 of the nucleotide sequence according to



10. The beta-herpesvirus according to any one of claiml to 9, preferable
claim9, wherein the beta-herpesvirus is deficient in at |east one gene
product iwWOabueédsin primary and/ or secondary envel opmenPCT/EP2011/Dba252

bet a- her pesvirus according to claim 10, wherein the at | east one gene
product is involved in primary envel ogrrent 12. The bet a- her pesvirus
according to claim1ll, wherein the at § east one gene product is encoded by

a gene_selected fromthe group con&ri sing UL50 and UL 53 and ,Hom)l ogs of
each tHeRdBENO2031s qovalasdly Junked s ther puclentidsr G2 1] e Rueleptide REVECH t he

at 'eﬁ§%055§%§¥§¥3¥ﬁ59ﬂ99b-is i nvol ved in secondary envel opnent. 14. The

bet a- her pes ccording to claim 13, wherein the at | east one gene
product is encoded by a gene selected fromthe group conprising UL94 and

UL99 and honpl ogs .each thereof.. 15. The beta-herpesvirys accordjn 0 any
one off?cl ai hie %e‘ta&%sv\m%ra%?%d‘t“ﬁemb@@élﬁ’@fe s@?%gqcfﬁ’nﬁgi asren ﬁh“cﬁ’g i de
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sequence represented by nucleotides 1 to 122630 of the nucl eoti dé sequence

accor diilsgnedeiSBQd ogNNCROepraseaesbbyd nncledtidesildie Pdddefdke neqleatislersequrnisy

nucl eoti des 123 652 of the, nugl eotide sequence,accordi
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wherein nucl eotide 122630 of the nucleotide sequence according to

d :
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sequenge s t oS '%é%d i .e0t | e
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nucl eoidcaRlidBRIL b Nhs2nucl eot i de sequence according to SEQ I D. NO: 20. WO
2011/ 138040PCT/ EP2011/ 002252 66 16. The beta- herpesvirus according to any
one of clains 1 to 14, wherein the betaherpesvirus conprises a nucl eotide

sequenge, Wﬁerede&-ﬁégﬁ%&%é gﬁgﬁ?ﬂo%ggu@lﬁﬁﬁlgggggﬂe%?l?trﬁlgwoﬁﬁ% sichele el d

sequenceé represented by nu 1to nucl eoti de sequence
accor diurjeotide SEfenBe hco?ding ao SECQHINURD en tovdersbgliidrddaormipleotidntl exf thy

| eot i .. 123668 to 181652 I i d ; di t
SEQ | CdsoRge Saees Gossutngae e DEalRee St SirlFaien | GE Mottt dg 89102
to 233681 RE iRerdiE 6 REIIDICHUSNCGE @RARNHY MehKed BERUIBLINRE 206N rantourth

nucl eoti'de sequence conprising a nucl eotide” sequence accqrdln? to
SEQ | DilecBide seiiencFhaschrting Ite rSE3 VD NG 28cask avhargin qucleatide 18165 of cthe

nucl eoti de .122630 of t he, nucl i uence .aceor di to .S I ~2Q is
coval e’?ﬂcﬁif’t‘%lf? ﬁ%{‘jn’f%a%ﬁ{;ql%fq %@&fﬁﬁ[}@?ﬂ)els r‘fﬁ%arlgbtfyl lﬂfg(egge{&f}gﬁlggt%e?c@ 1dPRy to
SEQ | BhblRuclddtidedeguice aﬂé&hi‘ﬁ?%SE 2B¥N0S:20.ne nucl eotide sequence according
to SEQID. No: 34 is covalently linked to nucl eotide 123668 of the

nucl eotide sequence according to SEQ I'D. NO: 20 and wherein nucl eotide 181652
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herpesvirus comprises a nucleotide sequence, wherein the nucleotide sequence comprises a
first nucleic acid sequence represented by nucleotides 1 to 62129 of the nucleotide sequence
according to SEQ.ID.NO:20, a second nucleotide sequence represented by nucleotides 63261
to 181652 of the nucleotide sequence according to SEQ.ID.NO:20 and a third nucleotide
sequence represented by nucleotides 189192 to 233681 of the nucleotide sequence according
to SEQ.ID.NO:20 and wherein nucleotide 62129 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 63261 of the nucleotide sequence according
to SEQ.ID.NO:20 and wherein the nucleotide 181652 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to the nucleotide 189192 of the nucleotide sequence
according to SEQ.ID.NO:20.



18. The beta-herpesvirus according to any one of clains 1 to 14, wherein

t he betaherpesvirus conprises a nucl eoti de sequence, wherein the nucl eotide
sequence worepri/sesioa first nucleic acid sequence represeacraR2y/ommest eot i des
1 to 122630 of the nucl eotide sequence according to SEQ I D. NO: 20, a second
nucl eoti de sequence represented by nucl| eotides 123668 to 130670 of the

nucl eoti de sequence according to SEC;ﬁ%lhD:ZO, a third nucl eoti de sequence
represent ed by nucl eotides 131243 to 181652 of the nucleotide sequence
accor d#hg t Bhesbesarhisrpgsvirns aaeprdingotey any el Aotlates detpudhc dhersin die ey by

nucl eog | . . . Of u : | j

SEQ | CYTBRSHTE SGHEHER o ARG scalendh) SR R, REANTNEScigRe Sobrksd,
accor diingntuceiSaQd faghn2Gepresanatabe ntitlpotiden et 62d 26 wtlteohiudeotid236§& et t he
nucl eoti de,. sequ ording to SEQ I.D. NO: 20, wherei n,{he nucl eot]
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SEQ I D. NO: 20 and wherein the nucl eotide 181652 of the nucleotide sequence
accor dieqgerico r@ESsdnBdNDy Adcledtides 8P B9 104233168 k @f theonudikotida skqusnielaccosdn®?2 of

th I ' e di to SEQ | D. NO: 20.. . WO .
2011/ 1954 GHETNERSh B0 0B o83h ey fle DretopiRer SrBPsiod T welealids GEREENS any
one of aebAlinBtolSEQ@.IDNo:\¥3er ei n t he betaherpesvirus conprises a nucl eotide

sequence, wherein the nucl eoti de sequence conprises a first nucleic acid
sequence represented by nucleotides 1 to 122630 of the nucl eoti de sequence

according tg S I X n ot4 d apr t
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SEQ | Dhilio2ide saqiidhté dcdviding ab ISR SRIN@Q0ds ceplanbnlitcddhy ruckloade ildefsth 31243
to 181652 of the nucleotide sgﬁgence according to SEQ ID.NO;20, a fourth
nucl echyclRotide searnee PesrdNBnPeE QY DI &bt Whrsein mislepside 3 8 akthgnysleotiqe

nucl eog e : C i 0 ] 1601 fif q i ence
Compr | SR R, O 03] i 1f o ) PG 826 e

nucl eotudstide gequeree carnprding g SEQUDINORI0dands edueeaie envaleotideli 183682 of the

o echiaherd8 e i SEOTTENA ARG Dol P ABESS",
coval et hyclkbtidead halcelae&ﬁe;nigqgstcng.N@z@.ucl eotide sequence according to
SEQ I D. No: 34, V\:hgl’ el n nucl eotide 252 of the nucl eotide sequence according

to SEQID. No: 34 is covalently linked to nucl eotide 123668 of the

nucl eotj de sequence according to SEQ | D. NO: wher.ej n.nucleot | 30670 of
The. nubt-eot T BEBIENSELL COTITIg PonEaPe el el dFaruitary s B o
nucl eomdrpe%vﬁ-u%o&l?ﬁséa@ heabotiR SRQUBRRC VRSP MEtlénideRghdcionhisesser ei n
nucl eotide 67 of the nucl eotide sequence accordi naat o0 SEQID.N0:35 is

coval efist pudleilagidl sequense|repreenied) By pugeetides HetonRdrd of ithie nudeptide sequanesr di ng

to SEQ | D. No: rein o ti: j: ence
accor s GERFRAPRIGES P ERHEE st reBlestilp BY P ERbUER R T e
nucl eofol 62228 of urnNarlcatidoseljuaficd accdidihg 3 SOQIAD.NOZD, a Thied hedleotiverseqsanice us
according to any one of clains rein }he bet aher pesvi r

1 14, wh
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nucl eof T de Sequence according to a sec nucl eoti de sequence
repr esz3f6e8d dfy theunhdedtiddessquei23atcordifg a6 2SEQ. IDNEOrAlC b twitbeeis enpedautide

accord to.SEQ ID NQ:20 and a third nucl [ equence represent by
nucl eo%é}%@soﬁé}@elglﬁ*Bt‘%%%ﬁenﬁ? icﬁgrdﬁl‘ﬁ: It‘éoﬁ(ééﬂg\Qé nte C%"éftfﬁ[ﬁ E‘&E‘fcﬁqo

SEQ | Oy s otide 2855629N6F Ghdd nbfebBEL 's@&ueigéf%p&{iir%h% W1 BONOIO0S QEHEEAS Ethe
according to SEQ ID.N0:20 is covalently |inked to nucleotide 59623 of the
nucl eonudketide §AE21t of the aucktptide saquSE® dctomiingto A IIMING @0 ns penslendlyilinked 81652

of the cleotid e according to WO 2011/1 EPR2011/,002252 68
SEQ 1 opE 26eatE GERITGe ARRLH Fapshee Airrdbi § SHERYSD 2P 2 JurRdn
nucl eoghi dRicRBHEE 18 B RCEOME indfleb@dSEJueRRNibcdflling to SEQ.ID.NO:20 is covalently

linked to the nucleotide 189192 of the nucleotide sequence according to SEQ.ID.NO:20.




22. The beta-herpesvirus according to any one of clains 1 to 14, wherein

t he betaherpesvirus conprises a nucl eoti de sequence, wherein the nucl eotide
sequence wonpr/sesioa first nucleic acid sequence represeairaPdy/omest eoti des
1 to 58442 of the nucleotide sequence according to SEQ I D. NO: 20, a second
nucl eoti de sequence represented by nucl eoti des 59623 to 181652 of the

nucl eoti de sequence according to SEQ 7®. N0: 20, a third nucl eotide sequence
represented by nucl eotides 189192 to 233681 of the nucl eotide sequence
accor d2hg t GhsbeiaHisrpesvires aaeprdingoter apy one| otlaties detpudhc vhermimithe bstp-a

nucl eof | de _se C i t I 0 . - Lrus

accor d%ler{gestvgmgiégﬁﬁﬁﬁé g%gre(gt?dne %eﬁgﬁe%oef Bglg? %%Zn%%g?twgh%ﬂgﬁggt%ag{ﬁ ils%%hence

accor dfifsg nhi€leioEAd $2qhbncetepesemathbenutigotideske $8440udltkohideotideafeqdnee

nucl eoti de _sequence_according to SEQ I D. No: 32, wherein nucl eoti dquﬁéz of
dto

t he nudcepting® QIR 20 aseenndguckoddeseqyengs repesprted By puglsptides)

nucl eot j rh ; PN and
nhor o1 6125 38t SleldoiRe SURISRES Al AREUPIEQ.IBONOID Adhit®nafibildg shuckie
SEQ. | Drepizs@ifited sbyc amalestiddsy 68261k ad t&16aRcOEohd dmcle88dD Zeghencheaqcanlimpttd de

| to SEQ | D NO:20. 24. Th t a- her. j [ t
any. onSEQNDONGL AR & fo P IeafE e e SRR Py dubiep 10 saln ey AEEF et ot 10
nucl eofhe Gfec REFUE BERendtRLE ding Q%El(gqmoo%zdﬁawﬁm&tﬁ@rm heHeS caﬁghgiﬁg

nucl ei ¢ aci d sequence represented nucleotides 1 to 62129 of t
nucl eot i Weletide eseguernec acadirdigg t © JIDN: 3D, and gesisid nualeptde i gauansquence

represented.by nucl eotides 63261 t.0 18 t nucl eoti de sequence
accor df figP " Eﬂ.“’ﬁf?ﬁﬁ%;sﬁﬂ)ueélﬁﬁa%cotrﬁilflgio %E@I'Zlgglttyf)d%fsequence represented by
nucl eoti des 189192 to 233681 of the nucl eoti de sequence according to

SEQ I D. NO: 20 and wherein nucl eotide 62129 of the nucl eotide sequence
accor d?%hg t bhespheta-herresvims  accewsling dat Plpimi Akeovhetsim urickastide 5> &Bi26 of ohet he

nucl eot | de i : i . I Lde
316520 RE G AFGR6HE 1 SEQAZROP, <P ARE MRaRp oL e R

| i nkedniicdedtide segudneotatetedih@ e SEQ@IDMNwe 3y eihedin daclsetide NTE ofi deomati¢ogide o

SEQ I D. NO: 20. WD 2011/ 138040PCT/EP2011/ 002252 69 25. The. b é -?erpisvirus
accor dfeayeRss asrprding tar SEQAPrho:1 32 gis1eovalgntly lipkednto Béflﬁﬂté‘ilepg 627 ¢ the
COMPI | S8R EALL HEoRAAY RISEQ. IMRDRI VHRRiRHELIE 1 199 B ERFQMRET Ses
a first nucleic acid sequence represente y nucleotides 1 to 62129 of the
nucl eosdqdenceeguendirey @c8BQADAYOL2H) SEQvaenflP lidked & sedenilenl of gt nutdeasidquence

ted b | eoti 61 .to 181652 of .th ti
b or aTeaSTts A5e0ians R SEG IS Non Vo Hised B Jrelre e dHo e, bR e
nucl eofd dgfind 89120 1D NG368% ebvAdiflynHAk&PTd FRcREGUEBB26 RGFOIE! MElddRide

SEQ I'D. NO: 20" and a fourth nucleotidé sequence conprising a nucleotide
sequensgueieoaadriing ¢o SEQ.IMHNw:2033ind whereifhaudleatuleh ¥ 1§82 vofr the rustentideng to

claim 25, wherein,.nuclegt 129.0f the nucleofide s n ording to
SEQ 1 DRess PEoRiTRIer g 1B NREE 1 ctliuly ok WG RANATIROTES il
sequenggl@fide séduedcd Sccokdihg 13 HoQ.1BINOWer ei n nucl eoti de 38 of the

nucl eoti de sequence according to SEQ ID.No: 33 is covalently linked to

nucl eoti de 63261 of the nucl eotide sequence according to SEQ I D. NO: 20 and
wher ei g, nuc t] f leot | de nge,.a6gor [l

SEQ | D°NO: 2 E?é’egg%%?éesgﬁﬁi%lcf‘%@gﬁn HEIaROL L of SIS Co2 90 0UeRth e beta-
sequenhé@pesiras domgrised oREQr hidrdNgel seleféd frolnetHegirauheorppssing UL 1a8,C0LtB4Hg to
any one of clains 1 to 14, wherein the betaherpesvir o] I ses

nuCI eoDT4eS2dalnbl, 1 30nEF L3 Ui ag Phis Callose DLiginPLiCane Bhigs
nucl ei ¢ aci d sequence represented by nucleotides 1 to 58442 of the

nucl eoti de sequence according to SEQ I D. NO: 20, a second nucl eoti de sequence
r epr esght edThy betecherpesvites ds06@thg o Gy 26nmfoft dlaimuc te 0, dehereiguthec beta
accordjng to SEQ ID.NO: 20, a third nucl eotj.de s represented by

nucl eot“?rg%%'“@%?(i priges thapyalentide SF%“H%E?CQB‘*P%IEO g@gﬁ@ﬁﬁg'éccor ding to

SEQ I D. NO: 20 and a fourth nucl eoti de sequence represented by nucl eoti des
189192 to 233681 of the nucleotide sequence according to SEQ I D. NO: 20 and
wher ei B2.nucThothethehespepritupfacedrdinguty eny iade eleglaimed trddr avheepin ghe beta-
SEQ | DENO: 20 1s (ﬁe val §nt I Y I '{nked t o _nucleoti d§b59623 (1)11;1 %\I)e.v uclngoti de
sequen EPERVUS? 4 3‘0 Ne) %?ﬁﬂfﬁ%’?% Cé?'?‘lcofiﬁ ha B Ev S of the
nucl eoti de sequence according to SEQ ID.NO:20 is covalently linked to the
nucl eoti de 63261 of the nucl eoti de sequence according to SEQ I D. NO: 20 and
wherein the nucl eotide 181652 of the nucleotide sequence according to
SEQ I D.NO: 20 is covalently linked to the nucl eotide 189192 of the

nucl eoti de sequence according to SEQ ID. NO: 20. WO

2011/ 138040PCT/ EP2011/ 002252



70 28. The beta-herpesvirus according to any one of clains 1 to 14,
wherei n the bet aherpesvirus conprises a nucl eoti de sequence, wherein the
nucl eot i dwoxenussEe conprises a first nucleic acid sequentEre@poexent ed by
nucl eotides 1 to 58442 of the nucl eotide sequence according to
SEQ I D. NO: 20, a second nucl eoti de sequence represented by nucl eoti des 59623
to 62129 of the nucleotide sequence aktording to SEQ ID. N0:20, a third

nucl eoti de sequence represented by nucl eotides 63261 to 181652 of the

nucl eotd-de Begyhetadenesvisisdpsrgrding SEolaim, 3: vherein theattIrash e &50F dEodsuence

represe U i . 18 2 n i e

ccor dinaae Bl iRy S8 Y 1 SEsPE It dhe B ESIAL OB

nucl eofegdiatifg MIE0 ctasal presetitatipnl andSieqe pEddNots rdgulatitg MK dedtrbspousd. eot i de
sequence conprising a nucl eoti de sequence according to SEQ ID. No: 33. 29
The bet a- herpesvirus according to claim 28, wherein nucleotide 58442 of the
nucl eot4 de : j : D ND: i val l kel d

nucl egﬁ'de ?ﬁ%P &?ﬁ%r;%ﬁ%?ﬁesg%l é&lg%(?%eggldé@ %@cﬁﬁﬂ?ﬁg&? ozﬁslggtldge I%e:%gg?&%er ein
nucl eogricddedlFPamimmbre enasive @enels g enoducacgotating MHE BEQI pRshigati@R i s
covalently linked to nucleotide 59623 of the nucl eotide sequence according
to SEQ I D. NO: 20, wherein nucl eotide 62129 of the nucl eoti de sequence

accor difg tPheShd-hBpidR abSor@Rgab eRimY34! WhkRsh the gehE pRAatidegdladig MHC

nucl eotide sequence according to SEQ I D. No: 33, wherein nucl eotide 38 of

t he nudhssok pnteerg@tipneisc@l@mbgrdnn@et grogpQonprisng3y Sps USSy AlS2ntlilyl 8, ilikdd t o
nucleoghgﬁ qg@&% of the nucl eoti de sequence according to SEQ I D. No: 20, and
wher ei al 8e 181652 of the nucl eoti de sequence according to

SEQ ID.NO: 20 is covalently linked to nucleotide 189192 of the nucl eotide

sequence according to SEQ ID. NJO: 20. 30. The beta-herpesvirus according to
any ontd.of Eheabetaderngsvigus ggeerding te istaimed hnwhegreiythe & leasone sgeae gredust " nor e

1% SIS A A A A . 1197

bet a- her pesvirus according to any one of claiml to 30, wherein the beta
her pesvi rus_conpri ses the nucl eoti de sequence ac%ording to SEQ.ID.Ngﬁ§3.

32. Th¥/-bet Bohbstpbetperiisaceendinenty ¢eimAg. wherews the igangrodupiyregylatig byl

t he bet gh i ' o [ .east t 0, by an
| mun- B SEPESY ot b Rg AR BT ol e ERS P Gy SSRS SACRY seeaRs

bet a- heLp@ L uandldEd8.di ng to claim 32, wherein the at | east one gene
product encoded by an i mrune evasive gene is selected fromthe group

conpri sing gene products regulating MHC class | presentati on and gene

producig repy abianerisyvEed |ac<5(ﬁ"§i|ﬁ?nt%eany e Jhelahied 3- REBPEIHerS tRE Befadi NY
to claim 33, wherein the at | east one 'gene product encoded by an i mmune

evasi vierpeswaus encadgrembetprobefious nndgglagtd.-ng MHC cl ass | presentati on.

39.  The beta-herpesvirus according to claim 41, wherein the heterologous nucleic acid is a
functional nucleic acid, preferably selected from the group comprising antisense molecules,

ribozymes and RNA interference mediating nucleic acids.

40.  The beta-herpesvirus according to claim 38, wherein the nucleic acid is a nucleic acid

coding for a peptide, oligopeptide, polypeptide or protein.

41.  The beta-herpesvirus according to claim 40, wherein the peptide, oligopeptide,

polypeptide or protein comprises at least one antigen.

42.  The beta-herpesvirus according to claim 41, wherein the antigen is an antigen selected

from the group comprising viral antigens, bacterial antigens and parasite antigens.



35. The bet a-herpesvirus according to claim34, wherein the gene product
regulating MHC class | presentation is selected fromthe group conprising
US6, US3,wOS2i1/i38m8, US 11, UL83 and UL40. 36. The bet acharp@3wi228%
according to claim 33, wherein the at | east one gene product encoded by an
i mmune evasive gene is a gene product_regulating NK cell response. 37. The
bet a- her pesvirus according to claim 38 wherein the gene product regul ating
NK cell response is selected fromthe group conprising gene products
encoded by the genes UL40, UL16 and UL18. 38. The bet a-herpesvirus

accor gt PhAa APeinkl RSk tb3nd bpe BREGELL 1% REANETMIS Yornlde iPpCodes
a het erol ogous nuclerc acid. : bet a- erpesvirus according to claim
41, whaetbd fohéehehetamehogbuassubject end/ombirdusesinaa nettatd fomahe vacdiratonaef @,
preferably selected fromthe group conprising anti sense nol ecul es,

ri bozy¥¥Chnd RNA interference mediating nucleic acids. 40. The

bet a- her pesvirus according to claim38, wherein the nucleic acid is a
nucleic acid coding for a peptide, oligopeptide, polypeptide or protein.

41. Tha. bet Bhchbepdwrpesvuniceorrdingg ta clamads sderaimethe subjdee ipeptmatemal,

ol i gopepti ol ypeptide or protein conprises at |east one antigen. 42.
The beﬁrgﬁeﬁ%ﬁ%g%#ﬁs according to claim41, wherein the antigen is an

antigen selected fromthe group conprising viral antigens, bacteri al

antigens and parasite antigens. WO 2011/ 138040PCT/ EP2011/ 002252 72
45.  The beta-herpesvirus according to claim 43 or 44, wherein the beta-herpesvirus is

human cytomegalovirus.

46.  The beta-herpesvirus according to any one of claims 43 to 45, wherein the subject is

suffering from a disease or is at risk of suffering from a disease.

47.  The beta-herpesvirus according to any one of claims 43 to 46, wherein the vaccination

is a vaccination against a disease.

48.  The beta-herpesvirus according to any one of claims 46 and 47, wherein the disease is
a disease or condition which is associated with beta-herpesvirus infection, preferably human

cytomegalovirus infection.

49. The beta-herpesvirus according to claim 48, wherein the disease or condition is

selected from the group comprising congenital inclusion disease.

50.  The beta-herpesvirus according to any one of claim claims 43 to 49, wherein the
subject is a pregnant female or female of reproductive age, preferably a pregnant woman or a

woman of reproductive age.

51.  The beta-herpesvirus according to claim 50, wherein the treatment is or is suitable for
or capable of preventing the transfer of a beta-herpesvirus, preferably human
cytomegalovirus, from the female to a fetus and/or to an embryo carried or to be carried in the

future by the female.



43. The bet a-herpesvirus according to any one of clainms 1 to 42 for or
suitable for use in a nethod for the treatnent of a subject and/or for use
in a net wo2bari3sie vacci nati on of a subject. 44. The PpeT&EPh@npexst r us
according to claim43, wherein the subject is a mammal, preferably a human.
45. The bet a-herpesvirus according to_claima43 or 44, wherein the

bet a- her pesvirus i s hunan cytonegal ovitus. 46. The bet a- her pesvi rus

according to any one of clains, 43 to 45 erein the subject is, suffering
from a4di sehiebdp-hpmegirysiasgorgingsigrofaim %W&w Aheireaumen is foror ipjguttable

bet a- gl ReSYdnkHFioR DTk Lhsibld 8f SherAite £ mﬁhﬁ’ﬂer%sﬁihssé ?l]l_ﬁ\@’ feMARY K349 dritfe

vacci nation 1s a vaccinati on agal nst "a di sease. he bet a- herpesvirus
accor dimygurieoreapgnsenia thé feinalenbody6 velmuteby7 pref¢reblyi such hemlinee sesponiss @nélirsease
or condition which is associated w th.beta-herpesvirusg infec

ot ef or BT o Tty BHEGRIOAN FHCOAEE B0 DG T Hhe Py A8 fpeale

accor digfthst BetaliRipBsdBus, Wrsfeibly hifaf §eARGaMviRRNEM/bOR disease b ebRdltibh om
the group conprising congenital inclusion disease. 50. The, )

bet a- hassquiatod with beteelgrpesviyus infegtipno prefesably lhaman slytmagalyyinug infectiopher ei n t he
subject is a pregnant fenmale or fenmale of reproductive age, preferably a

pregnant woman or a wonan of reproductive age. 51. The bet a-herpesvirus

accor iNg t0seChfod BetaberpabEng dechideng foedty@dlaib 10fo 4B fdruhé ahahefatwre of a
capabl e of preventing the transfer of a beta-herpesvirus, preferably human

cyt omefedieynenis, fromthe female to a fetus and/or to an enbryo carried or
to be carried in the future by the female. WD 2011/ 138040PCT/ EP2011/ 002252

54.  Use according to claim 53, wherein the medicament is for the treatment and/or

prevention of beta-herpesvirus infection.

55.  Use according to claim 53, wherein the medicament is for the treatment and/or
prevention of a disease or condition associated with beta-herpesvirus infection, preferably

human cytomegalovirus infection.

56.  Use of a beta-herpesvirus according to any of claims 1 to 47 for the manufacture of a

vaccine.

57.  Use according to claim 56, wherein the vaccine is for the treatment and/or prevention

of beta-herpesvirus infection.

58.  Use according to claim 57, wherein the vaccine is for the treatment and/or prevention
of a disease or condition associated with beta-herpesvirus infection, preferably human

cytomegalovirus infection.

59.  Use according to any one of claims 56 to 58, wherein the vaccine is or is suitable for
the administration to a subject, whereby the subject is selected form the group comprising a
pregnant female, a female of reproductive age, a donor of a transplant, a recipient of a

transplant and a subject being infected with HIV or being at risk of being infected with HIV.



73 52. The beta-herpesvirus according to claimb50, wherein the treatnent
Is for or is suitable for the generation of or capable of generating an
i mMmune r espansl¢3s80d0t he femal e body or the i Mmune respon®eTiEP2th@0f28al e
body, whereby preferably such i nmune response confers protection to a fetus
and/or to an enbryo carried or to be ﬁﬁrried in the future by the female
agai nst beta- herpesvirus, preferably man cyt onegal ovi rus, and/or a
di sease or conditign associ aéed W th bet a- her pesvi r i nfe | on preferably
human 8/t onEgfarserding tq ¢pwe oy owheremsthe deorgs apogiaial ‘é‘?%é’é‘ e KPS ng
to any:.qQf 47 for the manufacture of a nedicanment. 54. Use
accordlsgd)o"tgééﬁ%r%ig% , Wherein the nmedicanent is for the treatnent and/or
prevention of beta-herpesvirus infection. 55. Use according to claim 53,

t he treatment and/ or ntion,of di sease

wh th dj
et ot 1 A PRCls o el FR asbahrar s Preone el o he proraRh sfifhe o

cytomegal ovirus infection. 56. Use of a beta-herpesvirus according to any
of clainms 1 to 47 for the manufacture of a vaccine. 57. Use according to
cl ai m&5, wheeetoncemprising tiermacleic 4ad aedoeding éaelambland/ or prevention of
bet a- herpesvirus infection. 58. Use according to claim57, wherein the
vaccine is for the treatment and/or prevention of a disease or condition

associeg.ed M VdrtdretAnpediRe Ihé musleidrheidt aceBrdifng @b eilaihl Y2 whekein the vector
cytonegal ovirus infection. 59. Use according to any one of cl a| ns 56 to

58, whEMaIes paugleotiie sequeneg, whereip theppeeptide sequent@romptseneifgst perlec
subj eca{c’ld %ﬂﬁf@reé&?&ﬁ%i&fﬁ‘sclé&uﬁg &6 tlg%j(%ﬂhé Hﬁ 95t?&épse§8éﬂ% 'aéé(ﬂ'g

pr egnant Fepro uctlve ono a transp n
reci pi $PQ.IDIN@:20; ans@dmintucieutida ssqltqneeiremaen@dlbyf i endi des ﬂh36ﬂ18\/t00233l681 ng at

risk of being infected with H V. 0 8040pPCT/ EP2011/ 0Q
of the Inuc e(I)tlde sequenc\émaccorg{ng to 3}981%%%(? and wherein nuc eotllde 1%5(?50 of the
nucleotide sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 123688 of
the nucleotide sequence according to SEQ.ID.NO:20.

64. A vector comprising the nucleic acid according to claim 62, wherein the vector
comprises a nucleotide sequence, wherein the nucleotide sequence comprises a first nucleic
acid sequence represented by nucleotides 1 to 122630 of the nucleotide sequence according to
SEQ.ID.NO:20, a second nucleotide sequence represented by nucleotides 123668 to 233681
of the nucleotide sequence according to SEQ.ID.NO: 20 and a third nucleotide sequence

comprising a nucleotide sequence according to SEQ.ID.No: 34.

65. The vector according to claim 64, wherein nucleotide 122630 of the nucleotide
sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the nucleotide
sequence according to SEQ.ID.No: 34 and wherein nucleotide 252 of the nucleotide sequence
according to SEQ.ID.No: 34 is covalently linked to nucleotide 123668 of the nucleotide
sequence according to SEQ.ID.NO: 20.

66. A vector comprising the nucleic acid according to claim 62, wherein the vector
comprises a nucleotide sequence, wherein the nucleotide sequence comprises a first nucleic
acid sequence represented by nucleotides 1 to 122630 of the nucleotide sequence according to
SEQ.ID.NO:20, a second nucleotide sequence represented by nucleotides 123668 to 130670
of the nucleotide sequence according to SEQ.ID.NO:20, a third nucleotide sequence



74 60. Use according to claim59, wherein the donor is a potential donor
and/or the recipient is a potential recipient. 61. A nucleic acid coding
for a betwoherpesmbr us according to any of the precedi n@CtIER20m8/002282. A
vector conprising the nucleic acid according to claim6l. 63. A vector
conprising the nucleic acid according %o claim 62, wherein the vector

conpri ses a nucl eoti de sequence, wher é?n the nucl eoti de sequence conpri ses
a first nucleic acid sequence represented by nucleotides 1 to 122630 of the

nucl eotePERscied;h duclsldnsdl i 4Potoseey 0. 6. Do, nugleobide niraneRae etePENg dfuence
repres . AC UIC e

ccor ding P NL, AP R Medlhliad 1236TERE (Y phOSMUEHERRRCT aSBRIRERS,
sequenSEQABINO@Ngs tcovaleqtly Dindd2 @ imicteotidé elR3698 | ofmkied rtuolentidé esequchee
123688 of t.he nugcleotide. sequence.according.to | D. NO: 2Q. . 64. A vector
compr | SCAEHHS AGOHE NOST 8 st s PerIetidenh 30510 W dboi i o, gt
conpr i §&8rdnd HE SEOLIFRCSRSUEARAlenW alrkied 16 AR AHIRRILI 13825 8P ARCRUGITIE! Ses
a first nucleic acid sequence represented by nucleotides 1 to 122630 of the

nucl eosdqdencsagoadng taSES. HD.NP:20. SEQ I D. NO: 20, a second nucl eoti de sequence
represented by nucl eotides 123668 to 233681 of the nucl eotide sequence
according to SEQ ID.NO 20 and a third nucl eoti de sequence conprising a

nucl eog7.de AeGtednCeompiangithg dueleRFE@idDad¥ording to dBim Be WiRediRrthacketodi ng
to claim64, wherein nucleotide 122630 of the nucl eoti de sequence according
t 0 SECMPINGS 20ncleotidy apeuenrss Wharriadthe quglgetidosqayence ¢imprises guisenyslele

ol oot B A uebR, it bitigedd BIZAKBFOEE IHELER dffiorce oiralliy
nucl eoSEQADIROERG aGkcdrienuuledtidletseqecns e geprawated dponulilagides 1 SEE3Y 0. NO6720.
66. A vector conprising the nucleic acjid according ta clain16é, wherein the

vect or ok dhprustestide niggnensei agsosding eivc SEQHRNG 40t Re titik IdstePHES sEFUItEe

conpri pr iA1S r y. of | (o]
2230 e P B o e BB st Ufnd
nucl eoSEQdDsNQt2nacthird prueketide dequenceicomptisidg s meBoGde tsequeBO6 d6copdinghe

nul eoLASpasauele 2econding 10 SRR N A0, LS sl 9kt de.agagence
to SEQ.ID.No: 35

68.  The vector according to claim 67, wherein nucleotide 122630 of the nucleotide
sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the nucleotide
sequence according to SEQ.ID.No: 34, wherein nucleotide 252 of the nucleotide sequence
according to SEQ.ID.No: 34 is covalently linked to nucleotide 123668 of the nucleotide
sequence according to SEQ.ID.NO:20, wherein nucleotide 130670 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the nucleotide sequence
according to SEQ.ID.No: 35 and wherein nucleotide 67 of the nucleotide sequence according
to SEQ.ID.NO:35 is covalently linked to nucleotide 131243 of the nucleotide sequence
according to SEQ.ID.No:20

69. A vector comprising the nucleic acid according to claim 62, wherein the vector
comprises a nucleotide sequence, wherein the nucleotide sequence comprises a first nucleic
acid sequence represented by nucleotides 1 to 58442 of the nucleotide sequence according to
SEQ.ID.NO:20, a second nucleotide sequence represented by nucleotides 59623 to 233681 of
the nucleotide sequence according to SEQ.ID.NO:20 and wherein nucleotide 58442 of the



represented by nucl eotides 131243 to 233681 of the nucl eotide sequence
according to SEQ I D.NO 20 and wherein nucleotide 122630 of the nucl eoti de
sequence wocordizsgot o SEQ I D. NO: 20 i s coval ently |i nkedprto/proaheoi2stie
123668 of the nucl eotide sequence according to SEQ I D. NO: 20 and wherein the
nucl eoti de 130670 of the nucl eoti de sequence according to SEQ ID.NO:20 is
covalently linked to the nucl eotide 134243 of the nucleotide sequence

according to SEQ ID.NO:20. 67. A vector conprising. the nuclej
accor di“!fgeqt'é‘e SPaieRee 2ccafgiag dp SEQHD DU is eqypisntly dinked g, 8}‘@6‘?“‘5&5956'33 $nce,

wher ei pd first nucleic acid sequence
repres@ﬁﬁlgglegggén% F%argct%l S&H @0[83‘%‘5}2‘%8&%_? the nucl eoti de sequence according
to SEQ ID. NO: 20, a second nucl eot| de sequence represented by nucl eoti des
123668_to 130670 of the. nucéeotl uence accorcg .ggf%o %%ID NO: 20, a
Chird Pl eBt FEroTs ERIBRERE rtop musleth a6CngeoRtHiPEdD 1 WETRHR BYWEIOT of
the nugl£Gidede ARMORAE %eq"’\ﬁ:ﬁé’é %ﬁwethhSﬁQ:l'tewse(%jﬂen& éd?héﬁrijseg‘ 4cir8Ohhdsic

sequence conprising a nucl eoti de sequence according to I D. No: 34 and a
f our t hacidis¢ penécaepssented by nookeptidesi ntp 3844dadifdbe nukde<§t§l§w§qc@ca@c¢mdmgg0t 0

12363050 IPHROA: Pabt T Elalieh ceae oty PBhes e 9% B BB AT

| i nkedipeonqu&diriet ée@ﬁerilceoﬁccrok’(ﬂn?%| SBOIMENEE REREE AGRRd diudEotide SeGudride No:
34, wherein nucleotide 252 of the nucleotide se&uence according to

SEQ | Dxavoprisiag # sudentilesaauanes pedesding do REQHIEBLNPUR2. 123668 of the nucl eoti de
sequence according to SEQ I D. NO: 20, wherein nucl eotide 130670 of the

nucl eoti de sequence according to SEQ ID.NO:20 is covalently linked to

nucl eofj.de Th&fvettde dvdetdant itdeclaﬁqwepaehaa@onddlergldeossm lob. thie : maTecaide
wherein nucl eotide 67 of the nucl eotide sequence accordj ngé%o SEQ. 1 D. NO: 35

i s covsfaesrgeyaceprdkigitor SEQUP NG 0gis CPHEIQQQY binkedhto pucletisle; thegmubigagide
accor dj

coor dioaaedd Pl TR AR, 33 o8 e AIBER R 7 (1R e AR tence e,
wher ei accbidinguc | SEQ TON® efiéncovaempyr ilimked ao friuckbtide 19628 «fcihd medpotidee

represented by n cleot 58442 of the nucl eoti de sequence according
t o SEGHBFNG.2ser glgslgé'@ﬂljﬁ?é@g’&| de sequence represented by nucl eotides
59623 to 233681 of the nucleotide sequence according to SEQ I D. NO: 20 and
wherei n nucl eoti de 58442 of the WD 2011/138040PCT/ EP2011/ 002252 76

nucl eof2.de Aewemtorc eorapgonglithe nuoleRBE@ridDaddordiog its daiual@nt\’mer@in rtke dvector

nucl eoti de.59623 of .the nucl eottllde sgquenllﬁ %ccordl ng to \RHD %

A Voot HHEITS A B IER S HIEF o e P Bl BB e s b it e
Vect or 3 G@RBueAES rePradbifib & BY indelco RAAEN €62 I\M‘)foethél ntdl€otitéCIeq@érice Qc&ﬁﬁh’l@rt@ e
conprises a first nucleic acid sequence represented by nucl eotides

58442 SEQtIEeN@L&Q act¢and rsetmedeeecbs@e@ﬂ@prﬁgem@d BEQU‘F@)Wﬁ%h“S%ﬁWd of
| d 8
el cotiedbREHE NG bEE s AR E s e PaTRR0 G SRfeth bty 2s, ot e

sequengglésitiersegihdhge acdw&hg% IS@Q HRHRDO ¢s edaintlyhked tSh2leddiddos3282.0of 71.
The vector according to claim7Q, wherein nucleotide 58442 of the

nucl eotheducleatidessqucncsaseaiig to SESEY NORB: 20 is coval ently Iinked to

nucl eotide 1 of the nucleotide sequence according to SEQ ID. No: 32 and
wherei n nucl eotide 179 of the nucl eoti de sequence according to SEQ I D. No:
32 i s thval Anvéogon basrhpﬂsmg thuoiuetmﬁd de1d59ﬁ2>ﬁdmg tb hdainu &2¢ ottiedan sthq uentoe
according to SEQ BIO 7 ctor conpri si nc% t he nucl e %‘_ aci.d
accor dfHEPEYS & “allc OBige SGRHENES Y ‘H‘é‘n Et"b‘Fleeﬁﬁrin%?‘iqé‘S% CHURITSED & st B‘é‘aﬂénce,
wher ei fi;§ Rgqaned Fe@}és%eé BYURERBHGAMPI 523@930ffthé filicl8tfdeNequaict AcsRagnee
represented by nucleotides 1 to 62129 of the nucl eoti de sequence accordi ng

t o SEQBEQ.IRONO®0, a ssemdruichwtiie stqudncerepresented bepuelsetme@&38§1 tm%ﬁf@tll(ﬂes

63261 233681, of th | eqt i d NO: 20 a
wher ei Onﬂ%ﬁ%‘g’ﬂeg%eq@?%fgg‘gcf’? HI% tﬁﬁﬁ@tﬁ@@ a%,:q ﬁ q%%@o?“&ﬁﬁgg? Seqfienct”
SEQ. | Ded¥Rprding 8 nGa¥HRNe ﬁ(edcb@&%i‘dfhg tHBEEW.Nde3$3261 of the nucl eotide
sequence according to SEQ I D. NO:

74.  The vector according to claim 73, wherein nucleotide 62129 of the nucleotide

sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the nucleotide



73. A vector conprising the nucleic acid according to claim62, wherein the
vector conprises a nucl eotide sequence, wherein the nucl eotide sequence
conpri seswa 2iwsso4nucl ei ¢ aci d sequence represented by ROTIEPedilMexsd to
62129 of the nucl eotide sequence according to SEQ I D. NO: 20, a second

nucl eoti de sequence represented by nucl eoti des 63261 to 233681 of the

nucl eoti de sequence according to SEQ fb.NO 20 and a third nucl eotide
sequence conprising a nucl eoti de sequence ac or,gi ng to SEQ.I D'dlgb: 33 74.
The veteaBencsacertdingfortEQIRING: 73, anghwherin THsIa0kge Plof 6he Do leqtidersatence

nucl eot i .dey: r{§ n . : I : I ' e
nucl eo%dlcglgmige y t Egﬂg’uc 'e%t F%(SBQ?A%E%T%(%g%%é%%?ﬁg%g%gg 0%2%%9@ geoglgauence
accor dseqgerice aSEdpdind. toISEBD .2 28her ei n nucl eoti de 38 of the nucl eotide

sequence according to SEQ ID.No: 33 is covalently linked to nucl eotide
63261 of the nucl eotide sequence according to SEQ ID.NO 20. 75. A vector

conpri$4 Ng AhGediCt&hpridhs dhdGhulleit! B8idt SccotdihgNtd Zolai1 8L Eiwhetdif e Gletfor
conprises a nucl eotide sequence, wherein the nhucl eotide sequence conprises

a fi r stompriseeiamugtsiotids seqrence whepeio shenucleptjdenseguenste epmeprises @ B8UARIGE t he

nucl eoti.de sequence accotrding t0,S I : a second nucl eot | de. uence
e e St presB T Ea bY nagen T Yo B Yoo B RA e R E Bbeding 5O
accor d§pg.IbINSEQ, b Rediid2ficlddtidbistghcRbe kgpésedRd TWaMRNDEIELPIEISE0t62d 2D f

nucl eoti des 63261 to 233681 of the nucl eoti de sequence according to

SEQ | Dhiiouclgotidmitquenaediceording tedti@ED A2, »thirdruckretide sequsace epirsprisd
according to QLD NO: t v Mo Ok i t he
nucl eot) edes"e“?ESeﬁgie%‘ggc%ﬁé?ﬁé’?@‘&a‘@&g#%? Rb%ggea%%o\%gégq %Egﬁelﬁﬁgg (e)%hlde
62129 wherkihe naclebidy 158443 esfU el ehualeotdeli sequénee SkdQotdmgNOto2 SEXEIE DR @nik | y

| i nked to the nucleotide 63261 of the nucleotide sequeg,ce ac orﬁ%%tzg
SEQ | savaleptly linked toppugigotide S2edhef e myclepidansgrence ageqrdingde i-Hy | ai m

62, Whel el Rerbiieiny %ﬁf:l%ti(?é)@?ﬁﬁ?fstpé nﬂUl%B@d)e]t éeqﬁe&%%ge&faﬁqf WheE@iD NOS0 is
q np C i ence r

nucl eot1 de sequence conprises a first nucleic ac seq epresented by
nucl eotdvdkeatly tiokenl84d 2thef nubleotidec 63861 def stheumunientiale c seqlience tagcording to

SEQ | D%@Bﬁofﬁ §second nucl eoti de sequence represented by nucl eoti des 59623
to 621 dP-NRL0ucl eot i de sequence according to SEQ ID.N0:20, a third

nucl eoti de sequence represented by nucl eoti des 63261 to 233681 of the

nucl eoti de sequence according to SEQ I D. NO: 20, a fourth nucl eoti de sequence
conpri#.ng A veetdrecompidsise dhe muelesr eciddagegrding SEQIAM K3; vdrRraamdhe vectorh

nucl eoti de. sequence .conpri sing .a nucleotide.sequence accordi ng.to .

SrQ | rprisisd pironde SEishrd BB bF Ry ESId PGS ARREHG AraCrusive e
58442 gid thfiehtClepRisbried 5§ GUEREEIACICRY 8420 IfahSHGRIEIARGedlkrics acevtaingib! ¥
| inked to nucleotide 1 of the nucl eotide sequence accordlng to SEQ.I D. No:

32, whSEQIIR-NQ&leatseerndimplastide sequenes expreseated dyunisisstides 59683ng 62429 of

B e
nucl eoby decleaitiee 326 Res @B8681gof theSRRQIdONARGeiknics acavrding bl SEQ.IDRED:200a

nucl eotide 1 of the nucleotide sequence according to SEQ I D, No: 33 an
wher ei ipuphciuslrotide ss@ieare CABPHEIBE cbPPGEOtdETFIHENSTE ASERNEN P S%JD-NOI 3

2011/ 13804 %%QTALEFe%%%lé/SQ&?e%ég comprising a nucleotide sequence according to SEQ.ID.No:
33.

77.  The vector according to claim 76, wherein nucleotide 58442 of the nucleotide
sequence according to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the nucleotide
sequence according to SEQ.ID.No: 32, wherein nucleotide 179 of the nucleotide sequence
according to SEQ.ID.No: 32 is covalently linked to nucleotide 59623 of the nucleotide
sequence according to SEQ.ID.NO:20, wherein nucleotide 62129 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the nucleotide sequence

according to SEQ.ID.No: 33 and wherein nucleotide 38 of the nucleotide sequence according



78 to SEQ ID.NO:33 is covalently linked to nucl eotide 632161 of the

nucl eoti de sequence according to SEQ ID. No: 20. 78. A host cell conprising
a nucl ei cwaeod/ms@or ding to claim61 or a vector accor diPag/Epeoiany226ne of
claims 62 to 77. 79. A pharmaceutical conposition conprising a

bet a- her pesvirus according to any one_of the preceding clains, a nucleic
acid according to claim6l and/or a v&ttor accor di ng to any one of the

pr ecedi ng cl ains, and a pharnaceuti cal lP/ accept abl e Cﬁrri e[. .
to SEQ.ID.NO:33 is covalently linked to nucleotide 632161 of the nucleotide sequence

according to SEQ.ID.No: 20.

78. A host cell comprising a nucleic acid according to claim 61 or a vector according to

any one of claims 62 to 77.

79. A pharmaceutical composition comprising a beta-herpesvirus according to any one of
the preceding claims, a nucleic acid according to claim 61 and/or a vector according to any

one of the preceding claims, and a pharmaceutically acceptable carrier.



