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( -2 2166349 ORAL VACCINES '* -“2- A mmjor goal of bionedica
-research is to provide protection against viral disease thraugh

% muni zation. One approach has been to use killed vaccines: However, Ia?ge ¢
gquantities of material are required for killed 5 vaccine in order to re qﬁn
sdfficient antigenic mass. In addition, killed vaccines are often

contam nated with undesirabl e products during their preparatg

Het er ol ogous |ive vaccines, using-appropriately engi neered 21&%63459

which is itself a vaccine, 10 Chanock, R"M' et al., JAMA, 195, 151 (1966),
seem excel | ent i mmunogens. Qur invention concerns |live oral vaccines using
adenovirus as vector. Presently marketed adenovacci ne conprises |live,

i nfecti ous adenoviruses in an enteric-coated dosage 15 form Upon

adm nistration to the patient to be vaccinated, the virus is carried past

t he upper respiratory system (where di sease-producing infection is thought

to occur), and is released in the intestine. In the intestine, the virus
reproduces in the gut wall, where 20 although it is not capable of causing
adenoviral disease, it neverthel ess induces the formation of adenovirus

anti bodi es, thus conferring imunity to adenoviral disease. In our

invention, live, infectious adenovirORADhi YACBEBEBeen engi neered to contain
genes codi ng for :

i
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-3- antigens produced by other disease ‘causing organisns are adm ni stered
in*an enteric-coated dosage form Upon release inthe intestine the virus

wil | reproduce in the gut wall, induciing the formation of antibodies 5 or
indu@i@g‘cell heg'di at ed i mmunity to both adenovirus and the other
di seasé=causing organism By "live 'virus" is neant, in contradistinction to

"killed" virus, a virus which is, either by itself or in conjunction with
additional genetic material, capable of producing 10 identical progeny. By
"infectious" is neant having the capability 26 deliver the viral genone
into cells. Approximately 200,000 persons in the United States are infected
each year with Hepatitis B 15 virus. In addition, there is a strong

correl ati on between hepaior igodl iof driomediaal |Hesramdncey .toltperriateent | y

mar ket ed vacci$ﬁ%§ﬁgg géggg' | S5 re: dniect JRYYAct ured
fromthe - - ooiﬁ)l asnma éc# i%%?h@léc%%e?g@ﬁ engt p;%gess
i nvol vi ng sever@ite ARRYFRAGh hageamcie BFe Ridlemh WCTHdra4 t iHowevsL al

antigens; the slafqsaq@dritPeied &bf )Imaek ide £H08 redfiiigan (& Nlilda The
antigenic st$ucture.o HB A

_ \J i s sonewhat co ‘%§$; There is a comon
gr oup- speci f7 ¢ HRIEHHF ithtOT T |50 &R ?Jr'brﬁur? el ARIIEES WSSut val |y
excl usi ve In addition, killed vaccines are often contaminated
‘with undesirable ptoducts during their preparation.
U Heterologous live vaccines, using appropriately
engineered adenovirus, which is itself a vaccine,
10 Chanock, R.M. et al., JAMA, 195, 151 (1966), seem
excellent immunogens; -Our invention concerns:live
oral vaccines using adenovirus as vector.

Presently marketed adenovaccine comprises live,

~infectious adenoviruses in an enteric-coated dosage
15 form. Upon administration to the patient to be
vaccinated, the virus is carried past the upper respiratory
system (where disease-producing infection is thought to
occur), and is released in the intestine. 1In the
intestine, the virus reproduces in the gut wall, where
N/ 20 although it is not éapable of causing adenoviral disease,

it nevertheless induces the formation of adenovirus
antibodies, thus conferring immunity to adenoviral
disease. In our invention, live, infectious adenovirus
which has been engineered to contain genes coding for



type-specific deternminants d or yy and wor r. The*[err] is of a single
antigenic type. It is known that 10 production of antibody against [err]
R; [err] confers immnity against hepatitis B infection..Several groups
ve enpl oyed reconbi nant DNA techni ques to synthesize the [err] by = 3% .
m croorgani snms. [err] has been synthesized in Escherichia coli in the5
formof a fusion protein (Edman, J.C et al., Nature, 291, 503 (1981)). It
has al so been synthesized in yeast using the ADH pronoter (Val enzuel a et
al., Nature, 298, 347 (1982)) or acid phosphatase pronoter (M yanohara et
al., Proc. Natl. Acad. Sci. USA, 80, 1 (1983)). Finally, 20 vaccinia virus
has been used as a vector to produce a_lgve virus vaccine to hepatitis
virus (Smith et al., Nature, 302, 490 (1983)). Rotaviruses are a nmjor

cause of acute gastro- enteritis in infants. These_ viruses possess a genone
25 of el eveAnHdEBNE- BFPIHEEH RKACEBEFeAisedpe| 6388ing argapssms The capsid
contains anar@nadmindsesred shehh. efberoé-&beredt @osabel fopnoteins, VP7, is

a glycoprotgin that reacts with.sero e-specific neutralizing antibodies
(Kol T car A BoBp, 7R1=a887 s, iy 13808t ARG PREEY 1 TRILE Sebtpdndl 'S coded
for by geneif bhet gethwadd,t ypdutiftgarheofarvmatsonGefieaftiboliype 1 human .
rotavirug h : 1] ) j5N; | dy, J et erm ned
(Richardéon§§N}ﬁ§§Eak¥,E%i%i@%???gg?,%ggsﬁ?%g8§?)Pb#ﬁu§8§g§?gfﬁgre has been
no report ofnEhEhexptbesi §asgpsenrausing e¥eanisM. anbyol hivesyiresl _
Adenovi rusesscrahatp anl toadkadiptencbhbnmebetrieled" virus, a s

virus which is, either by itself or in conjunction with

additional genetic material, capable of producing

10 identical progeny. By "infectious" is meant having
the capability to deliver the viral genome into
cells.

Approximately 200,000 persons in the United
States ‘are infected each year with Hepatitis B
15 wvirus. 1In addition, there is a strong correlation
between hepatitis B infection and liver cancer.
The presently marketed vaccines against hepatitis B
are injectable products manufactured from the
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(mw. 20 x 106 - 25 x 106) that codes f-or '20-30 pol y- peptides. Many of
these are incorporated into the viral particle which is norphologically
conplex and has a sophlstlcated assenbly process. Previously SV40 T antigen
has egg expresgsed usi ng an adenovirus reconbi nant (Sol nick, D. Cell, 24,
135 (1981), Thummel, C. et al., Cell, 23, 825 (1981), QG uznan, Y. et al.

I n Eukaryotlc Viral Vectors, p. 187, Cbld'Sp%an Har bor (1982)) Al so nouse
di hydr of ol ate reductose has he ressed usi ng an adenovi rus reconbi nant
(Berkner, K amdoStap)asme %3‘5@1& CICAE TREESaPYha 18ng§PY PIOSEFP. The

i nventi on concamwbhwﬂﬁglyyiéﬁullamyﬁrat@gs&@psbodles or cell nediated

i mmunity to an infeghiQus Qrganism.i.n_a.warm.bl.ocoded.ani.mal ,whi ch conpri ses
orally adm nisteri ngcfthieé: sl (fgvvar m“}?l]&fd&?pgg’} %ﬁ‘l % Ff%ﬁleﬁf‘éﬁ ENEéat ed

dosage form | ithe rseurfrﬁﬂmammnd\ﬁ&{gés aa@wtt:hlencnget Iaatggea ¢asi,Ag)for
the ant.i gen &0y Y N medi at ed
i mmunity. | nscng ﬁs%ﬁad&‘ tcg sl%?\}%nt I on ?gﬁr"% g'léﬁh %&m ng

antibodies to H@ﬁ%ﬁ1ﬂ%}ﬁ8qﬂmmﬂﬁ(§IQQHﬂ§HQQkaQ1 ﬁﬁ&ﬂ#ﬂ@ﬂ&odéd aﬁpnal whi ch
conprises oral lagdadiidy,St¥Herdd dr@ $Rid! sedsMoH areed1ay Bk 1hisYger ecombi nant
adenovi ruses contalnln dﬁ? ene cading fa respect|v§Fy a hg§at|t|s B
antigen or a rdeRA LG ST R IHRS SQEF Yh@h e &n pr%i des a
vacci ne for pr @iglg.saru.ﬁ tanchms;lm areilgemsa my@@b [ Mnllsykhowanthai:ect I ous
or gani sm i ma r| | i I ruses

9 o %Q[ ded, ¥ r%‘?’xt%.b% %+ e A %?‘F?B %Sl‘%@?%

in wjch the V|r|on ructur rot S unchaﬁg e native
adenovi r us frcnhmM“nﬂtﬂlﬂaahﬂﬁknhﬁnﬂ%ﬂiiéd@hé@¢ﬁpﬂgom$ produced and whi ch

contain the gene  geveral groups have employed recombinant DNA
techniques to synthesize the HBSAQ by microorganisms.

HBSAg has been synthesized in Escherichia coli in the

15 form of a fusion protein (Edman, J.C.'et al., Nature,
291, 503 (1981)). It has also been synthesized in yeast
EgIhg the ADH promoter (Valenzuela et al., Nature, 298,
347 (1982)) or acid phosphatase promoter (Miyanohar;—;t al.,
Proc. Natl. Acad. Sci. Usa, 80, 1 (1983)). Finally,

20 vaccinia virus has been used as a vector to produce a
live virus vaccine to hepatitis virus (smith et al.,
Nature, 302, 490 (1983)). |

O Rotaviruses are a major cause of acute gastro-
enteritis in infants. These viruses possess a genome

25 of eleven double-stranded RNA segments enclosed in a
capsid. The capsid contains an inner and outer shell.
One of the outer shell proteins, VP7, is a glycoprotein
that reacts with serotype-specific neutralizing antibodies
(Kalica, A.R. et al., Virology, 112, 385 (1981)). This

30 protein is coded for by gene 9 of the human type 1 (Wa)
rotavirus. Gene 9 of type 1 human rotavirus has recently
been cloned in E. coli and its sequence determined
(Richardson, M. et al., J.Virol., 51, 860 (1984)). Thus
far, there has been no report of the expression of this

35 protein in any other system.



coding for the antigen which cortresponds to said antibodi es or induces said
cell nediated i munity, said vaccine being fornulated in gn enteric coated
dosage form -6- Particularly providegsLs a vaccine for.producing - .

ntibodies to hepatitis-B or rotavirus in~warm bl ooded ani mals,* conprisj ng
| Tve recombi nant adenoviruses in which the virion structural” protein

unchanged from t hat hﬁehB%19§Eb§ec6ﬂ€Q9H'Euilﬁéﬁg‘&ﬁb@@xtBﬁArEBQEPh@ént
adenovirus is produced and 3h conta n gene codi ng respectlvely,

‘a hepatitis-B dRtFgeR%¥ 40 rota@?rﬁs QnP §Bﬁt §8ﬁ85v§86|38 Bgla@ Yor nul at ed
in an enteric- @@@&ededosagEn§Obﬁ1tmbeelarenﬁnearpbsetaaoyhdestaenethod of

' f d ti bodi .
Tl ecti ous §R5aTi BRFERCOE RPEPBodSARaAPREN SSHRRAAY CERBPLEEs *BRodAE] ng
| i ve reconbi naat sagbasticased, assemhlyhptheessrioareyuuusmyasvpﬂoweln S
unchanged from Qggehnhsgebaah'gﬁPégseea'ng %rQH‘QﬁéﬁQv%ﬁﬁsreCO”b'“a”t

adenovirus is pr oviruses t ene coding for
the antigen mhF@ﬁ°@§FFé§ﬁoﬁ§§1FéC§alB gRtilbodtes?dP (HBBLEs $aummeéh

medi at ed Innunctyetaad pl eerng tbe BQSE(HQB@UbIG@GEmQH?HQVIEHSS§ Lnian
enteric coated DE g‘ ed DESCFI? on the Lnvention 1.
Adenovi r us VGCFB% gﬁFéE ghé vI'PGEOF8et Brs %Er A, Spripg Hprbor,
Eukaryotic Virdli98eodor sApsolfidus€olddhPdrbfiglate reductose has been
- expressed using an adenovirus recombinant (Berkner, K.
and Sharp,P.A.,Nucleic Acids Research, 12,1925 (1984)).
The invention concerns a method for producing
antibodies or cell mediated immunity to an infectious
organism in a warm-blooded animal which comprises
orally administering to said warm-blooded animal, in an
enteric coated dosage form, live recombinant -
adenoviruses containing the gene coding for the antigen
corresponding to said antibodies or inducing said cell
mediated immunity. In particular, the invention
concerns a method for producing antibodies to
hepatitis-B virus or rotavirus in a warm-blooded animal
which comprises orally administering to said
warm-blooded animal live recombinant adenoviruses \;)
containing the gene coding for, respectively, a
hepatitis-B antigen or a rotavirus antigen.
In one aspect the invention provides a vaccine
for producing antibodies or cell mediated immunity to
an infectious organism in warm-bfooded animals
comprising live recombinant adenoviruses in which the
virion structural protein is unchanged from that in the
native adenovirus from which the. recombinant
adeneovirus is produced and which contain the gene
coding for the antigen which corresponds to said
antibodies or induces said cell mediated immunity, said
vaccine being formulated in an enteric coated dosage

form.



Har bor Laboratories, 1982) can easily be constructed. To maxinize the
Iength of foreign DNA that can be inserted, two expendabl e regions of the
V|raI gepone nay. be- del et ed, early region 1-&- early region 3 (El and E3),
or bot k. of thé.adenovirus type 5 viral genome. A [err] is created by an
in vivo reconbi nat- ional event between a plasnm d and a nodified adenoviral
DNA. (Al |l plasnids descrRartddul artliys preatidedc disi an vace ipeofogaredducing

E.coli). The p|35@diﬂ5béfH§“%$'Rﬁgd%%@ﬂéJEWdF 3eRQ Hulsali nDNAr e Y BRGRS
between 0 and 17 map units into d subsequently, - /- using

restriction endonlfd'}lé‘éﬁs]es'dlcﬁﬁ’tql@ri%d-li‘ﬁegéﬁcﬁﬁ‘m&él“& |aﬁ§n§é’dﬁ'§ﬁ@§ B8t ween
1.4 and 9.1 map umﬁlscrarﬂhaolﬁmm @tr&wurraastgfrb&@mn 1%! hacﬁtantgalds from

junction, ThIS pI d J S nQ in the art as dified
adenovi r al aq}% Vr?glaé{] é’lrruess ﬁcgl goat 4.0 map
coor di nat es i S fommxbmrfamﬂ canbno)ébaclusclusamdmcled By\ﬁewAdEhDNAnaalhour
sites: 4, 29, 79 | | at, 29, 79
and 85 is isolat e?}gey%}urﬁa%ng fﬁﬁo@e@ﬁ%{%&%lb’a 'tér 2‘%& é"(E:'t%?r?gtBt he DNA
and isolating the mqqre@ra@eMWW.a@W1|ng SRE& varcageabepssi ti ons

29 and/or 79. Thi ssq¥mOelEe® iirs dﬁ@%&@&%é’ce@n@o@%@@ lfggmadenow rus is
| sol ated containing only the Xbal site_at posit.ion i fied

adenoviruses 15 can al sdfe MYARGLP L HMSS RFRYF I5S; ﬁgmﬁégﬁ &%e?rSParlng
ol i gonucl eot i de- dia actesth maitEage paidiqinyg tant iModiesd o Icled) mB8di@t@dl) in

Genstd ¢ Enginee“'E%m&%%éﬁm%o‘%A‘infectious organism in warm-blooded
animals which comprises producing live recombinant
adenoviruses, in which the virion structural protein is
unchanged from that in the native adenovirus from which
the recombinant adenovirus is'produced, by inserting
into adenoviruses the gene coding for the antigen which
corresponds to said antibodies or induces said cell
mediated immunity, and placing the live recombinant
adenoviruses in an-enteric coated dosage form.

t

Detailed Description of the Invention

o 1. Adenovirus Vectors

Three adenovirus vectors (Gluzman, Y. et
al., in Eukaryotic Viral Vectors p. 187, Cold Spring
Harbor Laboratories, 1982) can easily be constructed.
To maximize the length of foreign DNA that can be
inserted, two expendable regibns of the viral genome
may be deleted, early region 1 or early region 3 (Et
and E3), or both, of the adenovirus type 5 viral
genome. ZQS E1 is created by an in vivo recombinat-
ional event between a plasmid and a modified adenoviral
DNA. (All plasmids described in this specification are
propogated in E.coli). The plasmid is formed by
insertion of adenoviral DNA sequences between 0
and 17 map units into pBR322 and subsequently,

\



and Hol | sender, A., Eds. Vol . 3'pp:'1-82, Pl enum New York). In this
technique the Xbal restriction sites 20 are destroyed using chem cally

25

nucleotides designed to produce silent changes in the
amino acid coding regions defined by the respective

Xbal restriction endonuclease sites. Victor AE3 is
constructed by deletion of E3 region sequences. Two
modified adenoviruses (type 5) are formed by the
procedures outlined above. One contains no Xbal sites,
the other contains only. the Xbal sites at map coordinates

- synthesi zed ol igo- nucleotides designed-to produce silent ehanges in t he %
no acid coding regions defined by the respective Xbal restriction \_g.
endonucl ease sites. Victor AE3 is constructed by del etion of E3 regiof
sequences. Two 25 nodified adenoviruses (type 5) are forned by the
procedures outlined above. One contains no Xbal sites, the other contains
only the Xbal sites at nmap coordi nates -8- 29, 79, and 85. The left half
of the nodified DNA containing no Xbal Sités is joined with the right half
of the nodified DNA contalnlng Xbal sites at 79 and 85, formng a nodified
adenovi rus %gié) Q% d 85 coordlnates
Cl eavage of (i‘ﬁ:l@ 3\%% i é‘%&ﬁ} ity 3: r]ﬁtsgattﬁ‘@ Mrerr] E3
viral DNA delestéting reedienasyikatwssmeeot mldarﬂd. 1851amp1mmsr @indht es and
placing a sigy xg&ﬁﬂn c)tm N st Ko tdiod NMitd WICWHHIEL § [err] E3 10
may be construct del etions 1 n_ both reglons |n a S|n1 nanner In a
fashi on simT ﬁﬁs‘tr’tﬁtq‘%ﬂi”iﬁ [’é’r rghe aqteds PRS- aer‘e[ err] El AE3
vectors o8 adﬁnmméwadefmfrayam;orvmﬂfh apitMinga i ed il 7 are
formed. 15 For_.exa adeno, us tvy e E3 region js deleted
bet ween t he SBar: Jsr?leo%ts% e‘rm ({:&arpdldgoﬁr&mames is Tormed as
follows. Xbal cleaves wild type A4S DNA at four sites: _
4, 29, 79 and 85 map units. Modified DNA lacking sites o/
at 29, 79 and 85 is isolated by cutting Ad5 DNA with
10 Xbal, transfecting the DNA and isolating the modified
adenovirus which lacks Xbal sites at positions 29
and/or 79. This procedure is repeated again and
modified adenovirus is isolated containing only the
Xbal site at position 4. Such modified adenoviruses
15 can also be readily constructed using technigues of
oligonucleotide-directed mutagenesis (Smith, M., and
Gillam, S. (1981) in Genetic Engineering, Setlow, J.K.
and Hollsender, A., Eds. Vol. 3 pp. 1-32, Plenum, New
York). 1In this technique the Xbal restriction sites
20 are destroyed using chemically synthesized oligo- : \;)



- 9 - and the EcoR site at map coordinate 85. 2. 6X Series Plasmds. (For
[efr] and rotavirus VP7) Plasm ds that allow the placenment of the
adenovjius 2 late pronoter upstream from DNA coding for hepatitis-B 5

surflage, antigen*or rotavirus VP7 followed by SV40 splicing signals nmay be
constructed. Each of these is flanked by Xbal sites for insertion into the
adenovirus [err] El, [err]E3, or [err]ELE3 vectors. a. p6XH 10

Plasm d 6XH contains an Xbal Iinker at -400bp of the Ad2 mmjor late
pronoter and an EcoRl site at +33bp, 8bp before the end of the first
adenovirus late leader. This is followed by an Eco R |inker at 26bp
precedi ng the ATG of 15 HB Ag followeq hy HB Ag sequence of 678bp to
anot her EcoRl |inker at 809bp. This is foll owed by SV40 sequence extending
from 2753-2516 bp on the SV40 nmap. These sequences are all inserted into

the | alrge pgR 3, By Fadnd CBECORI'hé rlagmh Hal¥0 of the Wodifiald Imﬁsker sRI b.
p6XR Pl asm p6XR i s, made the rotavir ne w,th ECo
| i nkers-at nucl e%lﬁ%’e’”é‘ rfball tog"tehse lﬁdz’%&ﬂ (f"‘f%él}b '%1'6 g@r cont ai ni ng
an 25 . Xbhalf taf dthe 4093 i edh DN do-alningRdralats i#38%] and at t achi ng
SV40 sequences ¢ R 0, 2hbn 16 ' dnd 4 Y SRR ,{.)Jg Q{P G lnd | Nker at

t 2516 hi's

2753 (SV40: map coordlnate) and an Xbal site a cassette is

inserted intd tR2} S ERF iy BaArgB> map qqofgﬂfi‘é}ﬂtetﬁ pBR322.

Cleavage of this DNA with Xbal followed by religation
— forms the AE3 viral DNA deleting the E3 region
' between 79 and 85 map coordinates and placing a
single Xbal cloning site at this junction. AE!1 AE3
10 may be constructed by deletions in both regions in
a similar manner.

In a fashion similar to construction of AEI,
ANE3, éhd AE1 AE3 vectors of adenovirus type 5,
vectors of adenovirus types 4 and 7 are formed.
15 Fo: example, in adenovirus type 7, the E3 region is
deleted between the Xbal site at 80.5 map coordinates
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c. Transfer of plasmd sequénceé‘to"the viral DNA vector and production of
‘reconbi nant adenovirus. The transfer of the cassette of pronoter foreign

L]

-gene-term nator to the adenovirus vector -10- is done-.eifher as follows &
of_by in vivo reconbi nation (see detailed exanple below). The purifigd.
adenovirus vector DNA is cleaved with a restriction endonucl eose fol | gited

by treatnment with calf intestine al kal ife9phosphatase to prevent self
ligation.Plasnm d derived sequences are obtai ned by cl eavage of p6XH or p6XR
with Xbal. TaedethecE¢bRh $igatat maptdteondimaterd$. vector DNA. Either 293
cells, (Gahm et al., Gen.Virol., 86 10 (1978)), Hela cells, or W38 cells
are then transfected with the |ligation mxture and over|ayed with agar.

Pl aques are Pick¥dSgriesdBlaspider &Rer ik A sandkeoprebear®edvPB) Expression

Assays. Three typpgadhid@ssensthayeoheehe USEa e RS SES StRE Pi &SSO PIr @

hepatitis-B surface antlgen and rotav%rus VR7. T ] ndi rect

ese are:. a) ..
i munof | uor eéckAt®. PEPRRERE nBRSEX 3R ot T IR PNANE? egbﬁrh?éﬁﬁﬁ?l%ﬁﬁisera
are used 50 getfateeaptigenoor ofotavbrs maP! felldwed Bby asvid0 [epricind 3

v oot o hoe ST RS U8 S0y B EERI SR ShEcona Lty cE PSS 3
| mmunopr eci pkbali eohtes £ipr Ajnsertienvinte tifg adenovirus E1, AE3,
or AE1E3 vectors. . '
a. p6XH | : ' ' &)
10 Plasmid 6XH contains an Xbal linker at
-400bp of the Ad2 major late promoter and an
EcoRl site at +33bp, 8bp before the end of the
first aderovirus late leader. This is followed
by an Eco Rl linker at 26bp preceding the ATG of
15 HB_Ag followed by HB_Ag sequence of 678bp to
another EcoRl linker at 809%bp. This is followed
by SV40 sequence extending from 2753-2516 bp on
the SV40 map. These sequences are all inserted
into the large pBR 322 Bam HI to EcoRl fragment

20 . via Xbal ‘linkers.
b. Pp6XR
Plasmid p6XR is made by joining the rotavirus "

VP7 gene with ECoR1l linkers at nucleotide 6 and

1036 to the Ad2 major late promoter containing an
25 Xbal site at -400 bp and an Eco Rl linker at +331

and attaching SV40 sequences from 2753-2516 behind

the VP7 gene with an Eco Rl linker at 2753 (Sv40

map coordinate) and an Xbal site at 2516 bp. This

cassette is inserted into the large Eco Rl to BamH
30 fragment of pBR322.

c. Transfer of plasmid sequences to the viral

DNA vector and production of recombinant adenovirus.

The transfer of the cassette of promoter
foreign gene-terminator to the adenovirus vector



cells i'nfected with the reconmbi nant adenovirusSes is done using either nouse
nmonocl onal antibodjes or .rabbit polyclonal antisera against HB Ag or

r ot avj rUSs VP7 and proteln A Sepharose -CL4B. -('0Sepharose” is a registered
Tradev\ark). c). . RIA Expression of HB Ag is also tested by a

comerci ally avail abl e radi oi mmunoassay (Austria, Abbot Labs.). 11 4.

| mmunogeni ¢ Nature of the Reconbi nant Adenovirus. Live, |yophilized

mbi t ad 4
reconbi nant adenovi U&oﬁ@”éﬂ a8 28 f&@réxc &P%rﬁ%ﬁkpfx”écg?dbﬁ)

for |nnunogen|C|ty y gL Vvi ng em (err 0@6|nf

hansters or chi rrpaﬁsz%%sd%t‘?ﬁll%%%tﬁﬁ“ﬁ%ﬁ %ﬁﬂt‘?"bbdy T@/Q@%dpréﬁ@lﬁ‘imﬁ rom
chal l enge. The preggstoy nmkiaé et SEleED ir 1 115 a&e@mmralémdddel%se

| yophillized adeno either type 4 or type xed.mnt i nert
i ngredi ent’s prepar%é#f % tRY¥ i e '3{ 15 th %giﬁ %ﬁﬁﬁqﬁsﬁ Rejdle]
tablets (apprOX|napb¢gpmama$e[tmrgrévamtuselfeblqasuonlzmﬂsmmd\derlved

gastroi ntestinal 1plecl)on %E%‘O&Btéié L eg{&#{é&'éﬁeedsstﬁgﬁ £ pé)&f with

i nduced infectign 1S speC| ically res and
t he vaccine virus ¥Bahot Thegenire cthan 1¥§®¢ﬁd/a1tfc|ﬁfh§asa<1@%‘(m@pt‘(€tﬂ@r

close contacts. Speglfigidwent radl zdam ant{dashn) edded, Id?erp\wfro%% s
vacci nat ed IndIVIdﬂﬁ ghg% day ter nlzat%gg rf;nem/v i nes of T he
present invention § &) ?l% d%%d”% Fr of
r econbi nant adEHOVtrmﬁeﬁeeu@de@ﬁtﬁmﬁhe llgatlon mixture and overlayed

~ with agar. Plaques are picked 7-10 days later and
viral stocks prepared.

3. Expression Assays.

Three types of assays Have been used to assess

expression of hepatitis-B surface antigen and rotavirus
" VP7. These are:
a) Indirect immunofluorescence.

Either mouse monoclonal antibodies or rabbit
antisera are used to detect expression of recombinant
/\ Et and /\ E3 virus stocks containing HB_Ag or
VP7 DNA sequences. Counterstaining is with goat

U ’ anti-mouse or anti-rabbit FITC.

b) Immunoprecipitation

Immunoprecipitation of HB_Ag or rotavirus VP7 in
‘cells infected with the recombinant adenoviruses is
done using either mouse monoclonal antibodies or rabbit
polyclonal antisera against'HBsAg'or rotavirus VP7 and
protein A Sepharose CL4B. (“Sepharose” is a registered
Trade Mark).
c) RIA . . . |

Expression of HBsAg is also tested by a
commercially available radioimmunoassay (Austria, Abbot
Labs.).
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20 hepatitis-B surface antigen and rotavirus VP7 and are fornul ated and

-work in the same fashion as the present adenovirus vaccine except that

anti body to hepatitis-B surface antigen.or rotavirus VP7-is produced as 3
Il as antibody to adenovirus. In any of the enbodinments of the 25 _p.

invention, the administration of approximately [err] of reconbi nant viTus,

or even considerably less, wll, of cod?shl ‘produce the desired i nmunogenic

response. The determ nation of the optimum dosage will vary dependi ng on

the particul ar reconbi napt adenovir enpl oyed: . determna- 30 tion of this
opt i 15 ¢ RIS ¢ SRPAF L P RO B S i hE e he
reco?bin?pt th?I Ekkye pshpsphil hzedi ce¢Buiinant ademdwites comppiredf the
construction Y e Qggﬁ n naggg

subt ype ra%&%g%% %6%f)ét¢rge &N g? %Tﬁeé %F‘%?e ?%%gl at o%é%@%x on
codon and EEWWﬂFYRNMSFQGM1F?%nlrhbotr%ﬂ%lh@f%ﬁﬁ%@#$ﬁ¢eﬁ¢éﬁﬁkb%@h YRS

L I angefl bsfkm&ﬁéeaf@ssﬂuem ah£88st Hfd ALEs OB £HAL EnPIRHB) ElewdBs t0 400
p; Solnic

, D, Ce]l, 24 135; 14 1981) and by downstream sequences
from Sv40 (253 QEPé%ﬁﬁlﬁﬁ; ?8%2%Paﬁfeé%%7) Mol ecul ar Bi ol ogy of Tunor
Viruses, Cold SprTing peebentlpbmanketgdppdeddiiBzd ¢dO8Dne .cdmtsigpsasmd i s
termed p6XH ) S . | egd. J nt e | (e Xbal
Site pl s éﬁ%@%@?ﬁ%ﬁ%ﬁ?éﬁnégéﬁg?ﬁé'é%?éﬁféﬁ%ﬁ%&%éx‘t%n%?nt Somthe .
Eco [err]|imdixedtwitle ieertchngbedieptaderenared penemtericteeatedd |11

site at {5 y@p1&60! di AahenidtPat CbHzERNaN1et BEl &PbrokimadDy Spphi ck, D\
1982, in (Y. _duzman Ed.& . . ' , .
TCIDg, of virGs) results in selective gastrointestinal

infection without illness. The vaccine is safe; the
induced infection is specifically restricted to the
intestinal tract, and the vaccine virus is not transmitted
15 from vaccinees to Susceptible close contacts. Specific
neutralizing antibody is noted in over 95% of vaccinated
individuals 21 days after immunization. The new vaccines
of the present invention which are specifically described
are comprised of recombinant adenoviruses expressing
20 hepatitis-B surface antigen and rotavirus VP7 and are
formulated and work in the same,féshion as the present
adenovirus vaccine except that antibody to hepatitis-B
surface antigen or rotavirus VP7 is produced as well as
antibody to adenovirus. In any of the embodiments of the
25 invention, the administration of approximately 104TCID50
of recombinant virus, or even considerably less, will, of
course, produce the desired immunogénic response. The
determination of the optimum dosage will vary depending on
the particular recombinant adenovirus employed; determina-
30 tion of this optimum is within the skill of the art.

5. Detailed example of a recombinant that expresses
authentic HB_Ag.
As a detailed example of the construction of one
adenovirus recombinant, the RBsAg gene of the adw subtype



Eukaryotlc Viral Vectors, Cold Spring Harbor Laboratorles 15 p. 187-192).
The new pl asni ds (RACH 2 and pACH9) with the cassette containing the Ad2
rtej of JLate pronmoter-[err] gene-SVA0 processing signals in either

ori ugxlon were cleaved with Hind Ill1. The Hind Ill cl eavage product of
each was combined with the | arge Xbal fragment of the 20 nodified
adenovirus [err] El extending from map coorqbnates 9.1 to 100 (d uzman, Y.
Reichl, H, and Solnick, D., 1982 in (Y. d uznan ed.) Eukaryotic Vira
Vectors, Cold Sprin Har bor Laborat ori es,. 187- 19%% This DNA m xture was
transfected (GEEABNESFOP. URRHTOaN @Erthe H 69 bransiabiengyinsptiatsone7 -
(1973) onto 29go&éh! aneGn ahapp Bownst&ah! L¥omIthe RUSaR L at W& teBRthdBi &M,
R, J. Gen. V'roI ?iﬁ é §1977 and cells were ovgrlald w th_agar for
pl aque det ecti BRS °$pBP5x pae sghgam  Segreneas ptrgfethfiehdl ﬂg

and virus stockatgepeombedrf (#88e80h4080bpThsstnitk sps, weekl scegened for
t he presence o e h | eLle ] DNA

pr obe. P05|t|vi %Igé% giigé) X?é ?& %bﬁgtégﬁﬁx g u%né%g k oéﬁ%nolayers
of 293 cells ahd7bBetexpbé&§sbpn @coagthéntKEdEérM@lqasldEtéc@bdgynotel|

| ysates by bOt@uﬁéﬂ'OiPﬁH@Qasééid3§ rmglsﬁlaeboébbsﬁobabefﬁt | e§g1l8s9 OF
[err], Nuclear- ggdlcal La oratorles) by I.nmunopr eci p I on of 35S

- 13- radiol abéiPER) perr TR bglﬁbaﬁmhﬁnbﬁlBﬁéPeénPﬁﬁ%dQSF%[éP?Ye(antTh%se
subt ype, BOEhFSEQﬁénb@BnhérélBhﬁéhﬁéﬂCﬁhﬁb the uni@uéhxbspegifeCpBaﬁmpae

cbour we ¥o° bRE PR TRLALALALS B SBLEL BE(RR BRCELYedd BUCKES) RS
Eco R1l linker at the left end of the adenovirus genome

to the Hind III site at AdS map coordinate 17.0 (Gluzman, Y.,
Reichl, H., and Solnick, D., 1982, in (Y. Gluzman, E4.)
Eﬁkaryotic Viral Vectors, Cold Spring. Harbor Laboratories,

p. 187-192). The new plasmids (pACH-2 and pACH-9) with

the cassette containing the Ad2 major late promoter-

15

HBSAg gene-SV40 processing signals in either orientation,
were cleaved with Hind III. The Hind III cleavage product
of each was combined with the large Xbal fragment of the
20 mogified- adencvirus /\E1 extending from map coordinates
9.1 to 100 (Gluzman, Y., Reichl, H., and Solnick, D.,
Y _ 1982 in (Y. Gluzman, ed.) Eukaryotic Viral Vectors,
Cold Spring Harbor Laboratories, pp 187-192). This DNA
"mixture was transfected (Graham, F.L. and ven der Eb, A.J.
25 Virology §E! 456-467 (1973) onto 293 cells (Graham, F.L.,
Smiley, J., Russell, W.C., and Nairn, R., J. Gen. Virol.,
36, 59-72 (1977))and cells were overlaid with agar for
plaque detection. Approximately 10-14 days later, 54
plagues were picked and virus stocks generated from each.
30 These viruses were screened for the presence of HB Ag DNA
32P labelled HBsAg DNA probe.
Positive plaques (49 out of 54) were next infected onto

by hybridization to a

monolayers of 293 cells and the expression of authentic
HB_Ag was detected in cell lysates by both radioimmunoassay
35 (AUSRIA, Abbot Laboratories, Inc. or NML-HB_Ag RIA, Nuclear-

Medical Laboratories) and by immunoprecipitation of 355-
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splice site is not included. This pronoter contains only the first part of
“the tripartite | eader of the adenoviral major |ate pronoter, However, the
mgj or l'ater pronotor from other adenoviruses particularly types 3,4,5, or 7.¢
1Q can be used and the full tripartite |eader of this pronoter. can besysed.
In the follow ng exanple we describe the cohstruction of two bacterial

plasm ds, pHML and pHW2 which contain cassettes conposed of the Ad2 nmj or

| ate pronoter and the |eftnost 168 bp of the 200 bp Ad2 15 tripartite

| eader foll A r Gﬂ?ﬁﬁﬁi l.af i
signal s fro?n"y%gl_ %“?‘“{ﬁé‘?fﬁd@’gﬂfﬁ%d@ al so c%lg_{%%gie%%eﬁ{ryuﬁ@%ences
fl anki ng t hel antskra tukkyRewat BRI AR Mannhmin Riadherigalsd used to

insert the cassette into the adenoviral genome. On the 20 left the cassette

is flanked by the | eftnost 353. bp of the Ad5 genone and . on the right by map
coor di nat es %’ 15. 50 the RRRRA TR %’Fa'ﬁ?g"srﬁlﬂ:’ Ve dii the A4 Rasiorsya
- Virus sequericstd Pidnonet enttetedind Gh bl 38 muckssh ided Ko tAggene.

Plasm d I s identj . D cept . .4t do ot,.contain this
sequence. 'I\I{Eferli s%é%t%éﬂ?%%‘g%ﬁi erpla%%aSthI% agv\%etree sg? gtéjea atth? H:-tel t
regi on of tEpkikkecitesis rehoinclhydede tHrimipranatieh o ttygins only

recombi nati gh&se deserpded adomee FEAGH P AST thalsy |dH8a1d Z88h ARA LOMDI ned
with the large, 30 Xbal fragnment of the adenavirus, nutant [err] El extending

from map codfHatkrte BreEeueH- (WSS \the @AY | 1aten RFORAYATK, D.,
1982 in (V. faoi thercadensikinrysis opatt pdulMpelwrisypd®d| 3, 55, nge Har bor

Laborat ofj es,, Phse 18064 %1a Fha%ER Bl Sl elied Alltha! o5 M1 Sstonisngy at ed
can be used. In the following example we describe the
construction of two bacterial plasmids, pHM1 and pHM2
which contain cassettes composed of the Ad2 major late
pfomoter and the leftmost 168 bp_of‘the 200 bp Ad2

15 tripartite leader followed by the HB_Ag gene and
processing and polyadenylation signals from SV40 virus.
These plaémids also contain adenovirus sequences flanking
the cassette so that homologous recombination can be used
to insert the cassette into the adenoviral genome. On the

20 left the cassette is flanked by the leftmost 353 bp of
the Ad5 genome and on the right by map coordinates 8-15.5
of adenovirus 5. Plasmid pHM1 contains 19 bp of sV40
virus sequence (SV40 nucleotides 5173-5174) preceding the
HB_Ag gene. Plasmid pHM2 is identical to pHM! except

25 that it does not contain this sequence.

The cassettes from both pHMI and pHM2 were placed

at the E1 region of the adenovirus 5 genome by the
technique of homologous recombination as described above.
Each plasmid was linearized and combined_witﬁ the large

30 Xbal fragment of the adenovirus mutant AE1 extending from

-map coordinates 9.1 to 100{};luzman, Y., Reichl, H. and

Solnick, D., 1982 igi(Y. Gluzman, ed.) Eukaryotic Viral
Vectors, Cold Spring Harbor Laboratories, pp. 187-192).
Plaques were picked and stock viruses generated from each.
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- 14 - Wen these stock viruses (HML and HM2)" were infected on a hunman
enbryoni c kidney (293) cell line (Gaham F.L., Smley, J., Russell, WC
ahd Nairn,- R (1977)-.J. Gen. Virol. 36 , 59-7Z) we found, after 40 h

i nf t'J__gS"n, 5 approximately 1 ug HB Ag (based upon radi oi mmunoassay and
conparison of cpmto NML.-HB sAg kit positive control) per 5 x 10 infected
cells were observed in culture supernatants,ef HWV2 infected cells. HML
virus yielded approxinmately 60% of this anount. W found that the 10 [err]
pol.ypepti des produced by these viruses were glycosylated (P2) and

non- gl ycosyl at ed ( PIJheBrirhesaestenk Aausessy|Hiblarand- BM2) Aleseardadected).
and Robi nson, \¥n (d 3an -enbrydni Bk iRy 8033 PUANS A dR Lcrahadl) Fr..
Biol. Chem 256, 6975-6983),. At. 40 h after 15  infection _nmost_ of the HésAg
(78% was secr etBH§¥ o celFESsetly (he c AR Bim d At il Sdensi ty
= 1.20 g/nm) theisehe 38 Ne30+432 X e sBothdys dfter? ANM [arfidcdion,Geri n,

3 ol 65 vebbtap TRRNERY Ay ndgly Miuadh pcf e ¥idfingRlay 430

(1971) J.Virol .camp&6E®Y L oipertedMhr kidr (pns iNvey iasindard 1dppr oxi -
mat el'y 40% nmor ;4B Age t1eh HiflecddedEr1s s A £ AP RRAL @ the
previ ously descri bed hybrid adenovirus, [err]ELH, - a 70-fold increase in HB

Ag pol ypepti de SHRETRARANYS o Hip Inferteqd foldfr oMt he dddhaisldedyj or
| ate pronoter, #ppratiwitely (60} cofultaly ndury ONeeIf AATd shadtSathe such as

oromator . 116 ek SRR Ak A Eee WPty nGe RS us type 5
DNA as vector fokydasyelapedelR2 kxgndssdrorglymvandatedt(Rr) dfdemsvi rus types
can be used (Marion, P.L., Salazar, F.H., Alexander, J.J. and
Robinson, W. (1979) J. Virol. 32, 796-802; Peterson D.L.
 (1981) J. Biol. Chem. 256, 6975-6983). At 40 h after
15 infectidn most of the HB_,Ag (78%) was secreted from cells
into the culture medium as particle (density = 1.20 g/ml)
the same or nearly the same as the 22 nm particle (Gerin,
.J.L., Pﬁfcell, R.H., Hoggan, M.D., Holland, P.V. and
Chanock, R.M. (1969) J. Virol. 4, 763-768; Gerin, J.L.,
20 Holland, P.V., and Purcell, R.H. (1971) J.Virol. 7,
569~576) observed in human serum. HM2 yielded approxi-
W, mately 40%”more HBsAg than HM1. However, when HM2 was
compared to the previously described hybrid adenovirus,
_ £§E1H, a 70-folad iﬁcrease in HBsAg polypeptide was noted
25 by HM2 virus.

Inséead of the'adenoviral'major late promoter, any
other suitable eukéryotic promoter can be used, such as
human metallothionein promoter or the human dihydrofolate
reductase promoter. In addition, in our examples, we have

.30 used adenovirus type 5 DNA as vector for foreign gene
_éxpressiph; however, other adenovirus types can be used
- as vector, and particularly useful are types 3, 4 and 7
that aré presently in use as vaccines.



,as vector, and particularly useful are-types 3, 4 and 7 that are presently
I n use as vacci nes. - 15 - Also, we describe the use of processing and
pgl y- adenyl ation signals from Sv40 DNA . however, any sui.t abl e pr ocessi ng
Eg pol yadenyl ati on signals may be used. These may cone fronladenOV|raﬁ£ )
DNA, particularly 5 types 3, 4 and 7. ractising the met hod of this

I nvention, where the foreign gene is |nségted in deleted early region 3 of

t he adenOV|rus t he reconbinant virus remains infective, and the '

vacci nation r equ@n%@d&é@we Ithe tugd &kelpx\wéfsﬁfné héhd w@i nant

virus to the the pth h I s essenti al
adenovi r us |"'h<£liJ }?,H?P s’ﬂféeiﬁ ]éomlsfg?'{(#leo qb‘ﬁ"ege"?fe' iy nserted in
del et ed earlsui*e@bm grodes ping vamd spoilysdderey lak ot st gt alrse dnayl es hel per

ViTus 'S conida VALELY, WONRG 150 A EHLI AUDCION Tl a0, The

hel per virus cani e Ve VITUS W a del®etion I'CIt can be
conpl emens edtYiyes hd, récamdi hant virus. In this fashion virus growh and

foreign antigen pfg éé@fb | hdendtnsd IS QMY idvdrlich, WiRGted with 20
both viruses. This fective hel per can be o‘;qthe arre sub!;%?pe as, or of

di f f erent su‘b‘?‘?/p%o’f%lg‘f HSR@c nEgEted Yetd fanky ’sﬁjbt%/pe (e.qg.
i f reconbi nadf whe L@ddﬁévfﬂalssuﬂt\qpﬁemﬁbiﬁmndaiﬂnis vsenvd inss of Ad7

subt ype), for%}at | O:PY %éé gp‘e?gé{#%%%mo %Iolcree or@otrha,tl{ré)gngrheoul d 25 be

m ni m zed. V|rus i"oh~car® be acconpl i shed
ei t her th@outgﬁhﬁlcod%lliv¢mt¢bnth# Reombinant virus to the gut. W/

On the other hand, early reglon 1 is essential to
adenovirus 1nfect1v1ty. Therefore, if the foreign gene
is inserted in deleted early region 1, helper virus
must be co-administered. This helper virus is con-

15 veniently unmodified, infectious adenovirus. Also, the
helper virus can itself be a defective virus with a
deletion which can be complemented by the recombinant
virus. In this fashion virus growth and foreign antigen
production would be elicited only in cells infected with

20 both wviruses. This defective helper can be of the same
subtype as, or of different subtype to, the recombinant
virus. If of differing subtype (e.g. if recombinant virus
was Ad4 subtype and the defective virus of Ad7 subtype), e
formation of wild type virus through recombination should

25 be minimized. Propagation of virus for vaccine production
can be accomplished either through co-cultivation of both
viruses'in human diploid fibroblasts or cultivation of
viruses separately in cell lines known to complement
each of the defects. :

30 In addition to the E1 and E3 regions, there are several
other regions of the viral genome'Where the cassette
containing promoter, tripartite leader, foreign gene, and
processing and polyadenYlation sigﬁals may be inserted.
These include a region between Ela and E1b,'regions at
‘the left and right ends of the genome, and at the E4
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vigtuses in human diploid fibroblasts or cuiti'vation of viruses separately

I n cell Tines known to conplenent each of the defects. 30 I n
aﬂdlthn to the El'.and E3 regions, there are several other regions of the
vlral genone where the cassette containing pronoter, tripartite |eader,
forei gn gene, and processing and pol yadenyl ati on signals nmay be inserted.
These include a region between Ela and El b, 16egions at the left and right
ends of ‘the genone, and at the E4 - 16 - region and between L5 and E4
regi ons. Sone q*gggg | Mdh &Y} |dNS er at m
coordi nate 1.4 and arﬁ%él?e%)%%omt e?%aga“rgag'd%oorditd?#aéqt'e ?a?@ %}1{% ol 3% 5 P
adenyl ati on S|t%¥?(ﬁlY§%19 QM map coordinate 4.6, nucleotide 1631, at

nucl eotide 1671 is tztus o dins T4 Hihe g ddetré}rrmtermapAtcdmleﬁtﬂede 3572
there is a uni al_site TAACQ),. This Slt e ut| zed for
pl acenent of t??é’daa%h f‘? 4% %’rﬂjn&ﬁp|£§ aS:I‘Eo ter r’i‘(?l?&ﬂtltls B
surface ant i?geradmw.‘m;te:.mf g e Eﬂcr Bl &y dice rat atamrccmrtchnaR@I yadenyl ation of
Ela can be proy CFLE% %Wnta@fn@cﬁggq%emgﬁt il(y*l Ic.f LR Sv40

a or |

viral DNA behin rom L4 reqgion of the Virus. tional DNA in

the genone in ther s EWE m#etfc-t ey %%@%ét@@ B'—)hetr@rrdﬂ\?ala of DNA

dez erm anf Pon- htiﬁéa]arbi%'@t(@r'l‘@mpﬁ %ﬂfﬁﬂﬂl@ﬁéd (Hdé Fﬁ;'ﬂltﬁze@[e t he
extrene le a ends o one. e en e p05| I on
W11 he bet vieorEThELARSHRIG o tHR TRTTHALS RS L Kofe TR

Y, 10 promoter and hepatitis-B surface antigen and use of

the Eia polyadenylation site. Polyédenylat{on of Ela
cén be provided by placement of a polyadenylation signal
from SV40 viral DNA behind Ela or from L4 region of the
virus. The additional DNA in the genome in the above

15 construct may be compensated by remo&al of DNA determined
non-essential in the E3 region; |

Other insertion points are the extreme left and right
ends of the genome. At the left end the position will be
between the 116 bp inverted terminal repeat and the TATA

20 box of the E4 promoter. 1In Ad2 there is an Mbo II site
at 99.3 map units. This is 191 bp from the extreme right
end of the viral DNA. 1In Ad5 there is a Thal (FnU4DII)
site 240 bp from the left end of the genome. This region
is between the ITR and upstream of the E4 TATA box. Again,
25 if necessary, insertion will be made into an E3 deletion
adenov1rus to accommodate the extra DNA.

In ‘each case these same regions can be used as
insertion points for the cassette of the adenovirus major
late promoter, adenovirus tripartite leader, foreign

30 gene and processing and polyadenylation signals in
adenovirus type 4 and type 7 strains that are used for
the presently marketed adenovirus vaccines.

Although the foregoing specification specifically
refers to adenovirus of types 4, 5, or 7, live, infectious

35 adenovirus of any type may be employed in this invention.
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20 box of the E4 pronoter. |In Ad2'there is an Mo Il site at 99.3 map
*units. This is 191 bp fromthe extrene right end of the viral DNA. In Ad5
- there is a Thal (FnU4Dil) site 240 bp fromthe left end of .the genone. %

T&is region is between the I TR and upstream of the E4 TATA box,’ Again, 25-

if necessary, insertion will be nade into an E3 del etion adehovirus to =

accommodate the extra DNA. I n each case these sane regi ons can be used as

insertion points for the cassette of thé7adenovirus najor |ate pronoter,
adenovirus tripartite | eader, foreign 30 gene and processi ng and

pol yadenyl ahiefosigasl 6£i Bypdenovorus aypepleftirédpeincetthess dhat are

used for thg gr sentl§ narkﬁied adinovirus vacci nes. Ajéhough t he foregoing

speci ficati H speRFPi 5FF§n Y eFTP 8¥gﬁeﬁ%v??ﬁ§e5?l?§p% SRVETUS 7, 1ive,

i nfectious 88cailsasvir 8émblandy,t gpthoughbeperpf bgedeference haventi on.

| 17 - AdenBULRURBE EYPGSCAifks "pBbBuBlAE ChAENSAIEE {HNERRL £rilsy ( yPES

presently enployed In comercla gdeUOV|r s-vaccines. Siml[arly, although

speci fi c3r eRBRcRetaNaEuBecAuFndaventigrcPrevidesdotahgvageinesies to

hepatitis- Bs§ainBe BAYAYhEEELtiBUE hQURP!ESALRIRYAEESn OaRtiy@sCtHes agai nst
any infectioys ggent con ?lnlna an.an Igeg to mglch a mgﬁn%blooded ani ma
will produckPififi 8oWPER-Bloedef ARLIPAL W1 ImbRPEYCE ARAREIRPLHESnPF gen i s
coded for bgedlgmedieteposmmunityp tndakbith3800ipesecipatoded Thos, 10 for
exanpl e, inglude .t R scepe..of .the jpv } e_l ni zag . on
agai nst sucﬁydgsggﬁgsgg§p§ggﬁuégz§? égrgﬁﬁ Pu%ﬁég?g?%ép?%g?%Fy gé%%tial-\_)
virus dit8eafer example, included within the scope of the invention
are immﬁnization against such diseases as influenza,
parainfluenza, respiratory synctial virus disease,
hepatitis A, acquired immunodeficiency syndrome (AIDS),
cholera, E. coli, pertussis, diphtheria, tetanus,

15 shigellosis, gonorrhea, mycoplasma pneumonia, and so on.



hepatitis A, acquired i mmunodeficiency-syndrome (AIDS), cholera, E coli
pertussis, diphtheria, tetanus, 15 shigellosis, gonorrhea, mnycoplasma
pnegnopi a, and so on -18- CLAIMS 1. _Agvaccine for producing
ant{badies or 'cell nediated imunity to an infectious organismin

war m bl ooded ani mal s conprising li've reconbi nant adenovi ruses in which the
virion structuralcyrM®in i s unchanged fromthat in the native adenovirus
from whi ch the reéconbi nant adenovirus is produced, and which contain the
gene coding for the anti gen which corresponds to said antibodies or induces
sai d cel |l nediated. i TmAitageing € omauiotudigiq@rtdhndise®d rcedd enteric
coated dosage fojRafated AL % FUEOI ALY Urgah e n sal d

i nfectious organlsmls t he epatltls B vi rus . vaccl ne accordi ng to
O aim2 wherein tWWQ%?WH?a%p%RWH#’sSB‘%&W&é%WW 4. A

vgcci ne accordi ngad@&ﬂuahé’s \r/]ﬂ’tﬁﬁﬂ'h‘rbtfailfb I\Gmarg%mjl JHHalagarmeinisd s
adenovirus type 4 t he gene located in delefed earl eqi an. .3.

A vacel ne. aceor diHIEREndEd SASK IS, 1P G T SRR FERT AU
adenovirus type 4he r7ecmmldmrta|:ret gaaiamd\onaisad.s rprsiuwtest, eavd yﬂmegx on 1; and
al so conpr|5|ng|gggg%§ d 1 Q4P Qb i% A

vacci ne according to da?%%l ereln l‘ﬂg éecﬁo%ﬁs/ﬁ%re%am sln%his t he

rotavirus. corresponds to said antlbodles or 1nduces said cell

mediated immunity, said vaccine being formulated in an
~ enteric coated dosage form. . *

2. A vaccine according to Claim 1 wherein said
‘infectious organism is the hepatitis-B virus.
3. A vaccine according to Claim 2 wherein the gene
codes for hepatitis-B surface antigen.
4, A vaccine according to Claim 3 wherein said live
recombinant adenovirus is adenovirus type 4 or 7 '!'with
the gene located in deleted early region 3.

W, ' 5. A vaccine according to Claim 3 wherein said live

recombinant adenovirus is adenovirus type 4 or 7 with
the gene located in deleted early region 1; and also
comprising unmodified infectious adenovirus type 4 or
7. '

6. A vaccine according to Claim 1 wherein the
infectious organism is the rotavirus.

7. A vaccine according to Claim 6 wherein the gene
codes for rotavirus outer shell protein.

A



7. . A vacci ne according to C ai'm 6 wherein the gene codes for rotavirus
outer: shell protein. -1 9 - 8. A vaccine according tq Caim7 wherein
"spid live reconbi nant adenovirus is adenowrsus type 4 or 7 with the gene $
Iécated in deleted early region 3. 9. A vacci ne according t9Q CI&iﬁlZ;";f
wherein said |ive reconbi nant adenovirus jsadenovirus type 4 or 7 w th™the
gene |l ocated in deleted early region 1; and the vaccine also conprises an
unnodi fied infgctiou n e A i
according to a|n11imﬁg§8 écggg%n |nan§lgé§ngv%$ﬁ§ef§ %Q? ?? and
t he vacci ne aIsecemhpnﬁsésadeseveﬁasaaénédengglcbﬁthYReng Pne7g€néhreg|on
which is nissiggel gehBe1deheel YR hete¥banantigdeagybhus, 11. A vaccine
according to Claim1l wherein the reconbi nant adenovirus is of type 4, 5 or
7. 12. A nmet hod of preparing a vaccine for producing anti bodies or cell
medi at ed i mmunbtly toaagatsifet aeuaraﬁggntanuamav nwhépeirdsadanel gewhi ch
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10. A vaccine according to Claim 1 wherein the
recombinant adenovirus is defective, and the vaccine
also comprises a second adenovirus containing the gene
region which is missing in the defective recombinant

adenovirus.

1. A vaccine according to Claim 1 wherein the
recombinant adenovirus is of type 4, 5 or 7.

12. A method of preparing a vaccine for producing
antibodies or cell mediated immunity to an infectious
organism in warm-blooded animals which comprises
producing live recombinant adenoviruses, in which the W
virion structural protein is unchanged from that in the
native adenovirus from which the recombinant adenovirus
is produced, by inserting into adenoviruses the gene
coding for the antigen which corresponds to said
antibodies or induces said cell mediated immunity, and

- placing the live recombinant adenoviruses in an enteric
coated dosage form.

13. A vaccine as claimed in claim 1 for producing
antibodies or cell mediated immunity to an infectious
organism in warm-blooded animals substantially as

hereinbefore described.
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3. <A vaccine as clained in claim1. for’-praduci ng anti bodi es or cel
3ed|ated imunity to an infectious organismin warm bl ooded ani mal s
ubgtrantially as her-ei nbef or e descri bed. -20-20- 14. A nmet hod of _
preaanvng a vaccine for producing antibodies or cell nediated inmunity to
an infectious organismin warm bl ooded ani mal s whi ch conprises formulating,.
In an enteric coated dosage form |ive reconbi nant adenoviruses in which

the virion strucggral grﬁgghgdlgfugggagggq fgoghgggﬁelg hgag g¥§ﬂ|ch

adenovirus fromwhich the reconb aden V|rus IS
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anti bodi es or lndugaﬁleﬁlhnnwdratadobaaunahimaié whléhnebhpdlaésclalned in
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claimed in any OBQOQEigIanﬁnéﬁan%éda@go$5that in the native adenovirus
from which the recombinant adenovirus is produced and
which contain the gene coding for the antigen which
corresponds to said antibodies or induces cell mediated
immunity.

15. A method as claimed in claim 12 of preparing a
vaccine for producing antibodies or cell mediated
immunity to an infectious organism in warm-blooded

animals substantially as hereihbefoxe described.

16. A vaccine whenever prepared by the process
claimed in any one of Claims 12, 14 and 15.
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