1 COMPOSITIONS FOR IMMUNIZING AGAINST MYCOBACTERIUM The present invention relates
to a method for generating a T cell immune respon§e in a host. The method involves the step of
administering a vectored vaccine comprising a non- replicating or replication impaired viral vector
expressing the translation product of a 5 mycobacterial antigen 85A gene (also referred to herein as
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developing countries is typically administered intradermally as a single dose to newborn

15  infants. Review of many studies suggests that BCG vaccination is protective against
childhood meningeal tuberculosis and systemic forms of the disease. However, protective
efficacy is variable (ranging from 0-80%) (Colditz, G. A. et al. (1994). JAMA 271:698)
against adult pulmonary disease, the major global cause of tuberculosis mortality, and wanes
with time (Sterne, J. A. et al. (1998) Int. J. Tuberc. Lung Dis. 2:200). The basis of the

20  variability is uncertain. Even so, 80% of infants throughout the world receive BCG each year

(http://www.who.int/inf-fs/en/fact104.html).

Mycobacterium tuberculosis is an intracellular pathogen, protective efficacy against which is
associated with the maintenance of a strong cell-mediated response to infection involving
both CD4+ and CD8+ T cells and the ability to respond with Th1-type cytokines, particularly
25 IFN-y (Flynn, J. L., J. Chan. (2001) Annu. Rev. Immunol. 19:93). BCG vaccination induces
IFN-y-secreting T cells, predominately of the CD4+ T cell phenotype, that cross-react with M.
tuberculosis proteins (Launois P et al, (1994) Infection and Immunity 62(9):3679-87). Recent
studies suggest that BCG delivered parenterally may fail to induce T cell immune responses

in the lung mucosa, which may be critical for protection against pulmonary disease.

30  There is therefore a need to develop further vaccines against Mycobacterial disease.



Summary of the invention Surprisingly, it has now been found that viral vectors expressing
Mycobacterial antigen 85A (Ag85A) can induce a T cell immune response in a human patient when
administered as an immunogenic composition. Thérefore, the invention provides a method of inducing
a T cell 5 immune response against a mycobacterial antigen in a human patient comprising the step of
administering aRniRNBNARSAKeRABMPOSItion comprising a non-replicating or replication impaired viral
vector expressing the translation product of a mycobacterial AgQ85A gene to the patient. Preferably,
the immunogriRiiCRIFIPORITAR i@ Reetofeghdataineralnisdievalvaecing BpRacksignificastgsA
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tuberculosis is listed in SEQ ID NOs 1 and 2 herein).

Recent strategies to induce enhanced T cell responses in tuberculosis vaccine research have
harnessed recombinant DNA technology, using plasmid, bacterial, or viral vectors and
20 recombinant protein to express M. tuberculosis antigens. Vaccination of mice with Ag85A
DNA boosted with a MV A vector expressing Ag85A has been shown to afford a degree of
protection equivalent to BCG following M. tuberculosis challenge (McShane, H. et al.,
(2002). Infect. Immun. 70:1623-1626). However, immune responses generated by single or

repeated immunization with the recombinant MV A vector alone were weak.

25  For long term protection against mycobacterial disease such as tuberculosis it is considered
important to maintain "memory T cells", which can continue to stimulate protective immunity

for decades.

Memory immune responses are classically attributed to the reactivation of long-lived, antigen-
specific T lymphocytes that arise directly from differentiated effector T cells and persist in a
30 uniformly quiescent state. Effector and memory T cells are thought to be distributed to all
tissues in the body, particularly epithelial surfaces (such as the skin and gut) where pathogens

are likely to be re-encountered.



3 Memory T cells have been shown to be heterogeneous and to comprise at least two subsets,
endowed with different migratory capacity and effegfor function (Reinhardt, R.L. et al., (2001) Nature.
410, 101-105). Cells of the first subset resemble th& effector cells generated in the primary response
in that they lack the lymph node-homing receptors L-selectin and CCR7 5 and express receptors for
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quantifying the number of IFN-y secretin antiﬁen specific T cells. The present inventors utilised two
ELISPEr asdssd: (herbdtlvildy }és‘nﬁﬁﬁig&@) 33s&y/-Wrerein peripheral blood mononuclear cells

(PBMC) are incubated for 18 hours with antiég?en to determine levels of CCR7- circulating effector T
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have discovered that vaccination with MVA85A induces a strong central memory T cell response
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circulating etfggiarwheg i sesRRMRE ASBRIMOR; HNREIREaRIGINERIS. IS the first demonstration that the
long-term central memory T cell population may be 30 significantly enhanced in a patient by the

adminisgatioNeaf amimioeEaniassys PASItiRRa QIHESHHIJ QUENYEORACIEriatiantkégptnses have been
established over the last 10 years. The present inventors utilised the interferon-gamma (IFN-v)
ELISPOT assay as the main immunological readout for clinical trials with MVAS85A, because
the secretion of IFN-y from antigen specific T cells is the best available correlate of protection
against M.tuberculosis. Furthermore, the ELISPOT assay is a very reproducible and sensitive

20  method of quantifying the number of IFN-y secreting antigen specific T cells.

The present inventors utilised two ELISPOT assays: the ex-vivo (fresh) ELISPOT assay,

wherein peripheral blood mononuclear cells (PBMC) are incubated for 18 hours with antigen

to determine levels of CCR7- circulating effector T cells, and the cultured ELISPOT assay,

wherein PBMC are incubated with antigen for 10-14 days to measure levels of CCR7+ central
25 memory T cells (Godkin et al, JI, 2002).

The present inventors have discovered that vaccination with MVAS85A induces a strong
central memory T cell response specific for antigen 85A (Ag85A) which is still detectable 3

weeks after vaccination, when the circulating effector T cell response is almost undetectable.

This is the first demonstration that the long-term central memory T cell population may be
30  significantly enhanced in a patient by the administration of an immunogenic composition

expressing a mycobacterial antigen.



4 As used herein, the term "memory T cell" is intended to include both the CCR7- (effector memory T
cells) and CCR7+ (central memory T cells) subpopylations of T cells. This definition also includes
both class Il-restricted CD4 memory T cells and class I-restricted CD8 memory T cells. Preferably, the
memory T cells induced by the vectored vaccines of the 5 invention are characterised by cell surface
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vaccines" is well known in the_art. The vector used in the method 15 according to the invention is a
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viral vectors that are useful in this context are vaccinia virus vectors such as MVA or NYVAC. A

preferred virdf¥SctdPi RRE SFARBINSRFQIR TN FATBIA G A PORIFS I BEREm MVA. Alternatives to
vaccinia vecjors include other poxvirus vectors including avipox vectars such as fowlpgx or canarypox
Vectors. PartCS T Soiebie B iHb GO ATob bS8l iy 5 A 46 AP cene 1
(commercialtk prailable aadtarppoxfingna sipdinsidefivpa ko mirALWAtGr.and also a fowlpox strain
known as FP9. Further alternatives are alphavirus vectors, adenoviral vectors, herpes viral vectors,

flavivirus vedthestdeti owisatord veatciigandsinfitienza wiiuiveetars. Abicexamplestieivedior malyode a
non-hulrgan adenqvirus vEctor. It has surprisingl .been e .
according to the mvention 1S a non-r p}{lcatmg or replication-impaired viral vector. The term
"non-replicating" or "replication-impaired" as used herein means not capable of replication to
any significant extent in the majority of normal human cells. Viruses which are non-
replicating or replication-impaired may have become so naturally (i.e. they may be isolated as
such from nature) or artificially e.g. by breeding in vitro or by genetic manipulation, for
20 example deletion of a gene which is critical for replication. There will generally be one or a

few cell types in which the viruses can be grown, such as CEF cells for modified virus Ankara

(MVA). In general, the viral vector should be capable of stimulating a T cell response.

Examples of viral vectors that are useful in this context are vaccinia virus vectors such as
MVA or NYVAC. A preferred viral vector is the vaccinia strain MVA or a strain derived
25 from MVA. Alternatives to vaccinia vectors include other poxvirus vectors including avipox
vectors such as fowlpox or canarypox vectors. Particularly suitable as an avipox vector is a
strain of canarypox known as ALVAC (commercially available as Kanapox), and strains
derived from ALVAC, and also a fowlpox strain known as FP9. Further alternatives are
alphavirus vectors, adenoviral vectors, herpes viral vectors, flavivirus vectors, retroviral

30  vectors and influenza virus vectors.

For example, the vector may be a non-human adenovirus vector. It has surprisingly been

found that the use of an adenovirus vector induces a very strong CD8 memory T cell response



found that the use of an adenovirus vector induces a very strong CD8 memory T cell response 5 in
addition to a very strong CD4 memory T cell response. The induction of both a CD8 and a CD4
memory T cell response by the same vaccine is likély to be of benefit in both the prophylaxis and
treatment of mycobacterial disease. A method of inducing a CD8 and a CD4 memory T cell response

against an afigensing aRadener UsDERIOnBXPIEsSINE{PSnaatidar mei@dIIMBEIRGENSSAgMent
thereof is therefore also included within the scope of this application. The ant(if%en expressed by the
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antigen. It is preferred that the viral vector is incapable of causing a serious infection in the human
patient. Repftifids 81Le6hus is generally measured in two ways: 1) DNA synthesis and 2) viral titre.
More precisely, the term "non-replicating or replication-impaired” as used herein and as it 20 applies
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are MVA, NYMAKiianhawRizs tHeusSs ofvakeaadtisruhich falls gutsidedthe detisiior imithe@itenvated
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y ‘?g gescrslgeg above, most prgperalgiy Ag%gz&, %1% may altemati%epy%e any other suitable antigen.
It is preferred that the viral vector is incapable of causing a serious infection in the human

patient.

Replication of a virus is generally measured in two ways: 1) DNA synthesis and 2) viral titre.
More precisely, the term "non-replicating or replication-impaired"” as used herein and as it

20  applies to poxviruses means viruses which satisfy either or both of the following criteria:

1) exhibit a 1 log (10 fold) reduction in DNA synthesis compared to the Copenhagen strain of

vaccinia virus in MRC-5 cells (a human cell line);

2) exhibit a 2 log reduction in viral titre in HELA cells (a human cell line) compared to the

Copenhagen strain of vaccinia virus.

25 Examples of poxviruses which fall within this definition are MVA, NYVAC and avipox

viruses, while a virus which falls outside the definition is the attenuated vaccinia strain M7.

The invention also provides for the use of an immunogenic composition comprising a non-
replicating or replication impaired viral vector expressing the translation product of a
mycobacterial Ag85A gene in the manufacture of a medicament for the treatment or

30 prevention of mycobacterial disease in a human patient. Preferably the immunogenic



6 composition is a vectored vaccine. The immunogenic composition and vectored vaccine act by
inducing a T cell immune response in the patient. \Lf(?accines according to the invention may either be
prophylactic (i.e. to prevent infection), post-exposure (i.e. to treat after infection but before disease) or
therapeutic (i.e. to treat 5 disease), but will typically be prophylactic or post-exposure. Mycobacterial

diseases whighgatfshtisaled @6 REVERRE bnheMaaIIRHNAESHIS ST ihe aRIeseAbIBY aleMmngdude;

tuberculosis, leprosy, Mycobacterium avium infection, non- tuberculosis mycobacterial infection, Buruli
ulcer, MycoB%i’d'éﬁlRﬁlﬁl%é\ﬁscﬁ%é’EﬁBﬁ“Srr‘EﬁEB‘é%{n g dshSBterium paratuberculosis infection or related
disease. Other diseases (i.e., not 10 mycobacterial diseasas) include inflammatory bowel| (%ise,ase,
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examp{ , truncatigns of tgg candidate géOte'j[ﬂ are created uséna. ' andk%r ' ex%nuclease strategies
selectivBly to"&SHETNE 23 UaRSH 5 RN o HAMRREEh S RRIeTe i, 838& SRS PrateraBR) Hite
wild type gedes@bseguenceliglitiineated, suchlfoatdhe mxspkegpex. antigen is truncated by 1, 2, 3, 4, 5,
6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more amino acids relative to the parent antigen.
Most preferafppycalitigénigenedsoAg8isirudniandg treinsadad fycil Bawminopaepeisaaibthend -utélingiotishe

relative o the wid fyne Ag85A atigen (BEQIB N3, e sxprssion produchof, SE Q10 NOiA), 30
The antigens Suitable for usein the invention also include fragments of the parent antigen, provided
that those frafpeterdd haveres emtigeniogldtesenimahtcongpitoparn dsomenoomypidhsed as aspects of the

15  invention.

For example, one or more antigen genes may be truncated at the C-terminus or the N-terminus
of the gene. This may have the effect of facilitating cloning and construction of the vectored
vaccine, and alternatively or additionally, may lead to increased efficacy. Methods for
truncation will be known to those of skill in the art. The simplest way to effect truncations of

20  this type is to use the various well-known techniques of genetic engineering to delete
selectively the encoding nucleic acid sequence at either end of the antigen gene, and then
insert the desired coding sequence into the viral vector. For example, truncations of the
candidate protein are created using 3’ and/or 5’ exonuclease strategies selectively to erode the
3’ and/or 5’ ends of the encoding nucleic acid, respectively. Preferably, the wild type gene

25  sequence is truncated such that the expressed antigen is truncated by 1, 2, 3,4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more amino acids relative to the parent antigen.
Most preferably, antigen gene is Ag85A which is truncated by 15 amino acids at the C-
terminus relative to the wild type Ag85A antigen (SEQ ID NO:3, the expression product of
SEQ ID NO:4).

30 The antigens suitable for use in the invention also include fragments of the parent antigen,
provided that those fragments have an antigenic determinant or epitope in common with or

are immunologically identifiable with the parent antigen. Polynucleotides encoding these



are immunologically identifiable with the parent antigen. Polynucleotides encoding these 7 fragments
are also suitable for use in the immunogenic compasitions and vectored vaccines of the invention. As
used herein, the term "fragment" refers to a polypeptide having an amino acid sequence that is the
same as part, but not all, of the amino acid sequence of the parent antigen from 5 which it is derived

or one of theifafnetiQnat afdivalemis. fhhast a9 MeMtsSHRLente BRKISE AlRASH N wRRsIe AU AERIBP
acids from the sequence and, depending on the particular sequence, n preferably is 7 or more (for

example, 8, 16, 123¢0UPM 6 18 20 or more). Small fragments may form an antigenic determinant. The
antigen genes of the inventi&n may also encoge the variants or the functional equjvalents 10 of the

parent antigé?. SEEPERTCIRIE ST MBRRER NSl Be'a & V&W—tb%f‘c YAPVEHARE AR A g uence
naturally-ocahsfing @lelienaniaphrQrifennoitic We inayha@ MatarttatéssTahknmshiandigedr from

naturally. Such.non-naturally occurring.variants of the nucleic acid molecule may pbe made b

i B 7 v R Y e e o e
Among varideistin toisseegard andn@nEatsiibat didfesdientdhadfocpendinijpoe thantigecrugenrequence,
sequences by nucleotjde sybstitutions, deletions qr insertions. %e ubstitutions, deletions or
amrtions PTG bie of HBRER L MHOR T e Ut 65 o T PRI g
regions or beihy Alierationsiie e odingnedgions may produce conservative or non- conservative
amino acid substitutions, deletions or insertions. 20 Alternatively or in addition to the use of a gene
truncation, tHéhgenegencraisgothbantigariimayarampriseodenthel eriacid endedimgadag polypdphide
such that this is covalently linked.to the antigen upon translation. Preferably the tag polypeptide is
celectdD o 16 Ot Cotesdrg BB g e P A SRR SR BN 1o
that can be deteatedrbyyaomamogdariizliantivoady, @tthermaknpéesayilbba clesmiothheipargdmoivskid in

the art. If used, the 25 Pi(t%ql referabl¥ ha}f, the sequence. Pro-A}S{}l-Pro-LIeu-Gly-Le -ASP. Atagoof this
O(iCllI‘ na, u{al . n&m—na ura OCCUrT Ilﬁ varlants (6) € nuc el(h acrd molecu edmay [
type may facilitate detection of antigen expression, afnd clones expressing the antigen, an
alternatively nordaddgitiongiggnesay thehditpéncredsdsin thfficagyplidetmuoldio @etdemobalinig sheethgor
polypeptide may Ii)e Sositioned such that, following translation, the tag is located at the C-terminus or

the N-terminUs of the expressed antigen or 30 may be internal to the expressed antigen. Preferably,
the tag, 3 'OC&IS&@JQ&%&HQH}H?e%BFHeare variants that differ from the aforementioned antigen gene

sequences by nucleotide substitutions, deletions or insertions. The substitutions, deletions or
insertions may involve one or more nucleotides. The variants may be altered in coding or non-
coding regions or both. Alterations in the coding regions may produce conservative or non-

conservative amino acid substitutions, deletions or insertions.

20  Alternatively or in addition to the use of a gene truncation, the gene encoding the antigen may
comprise a nucleic acid encoding a tag polypeptide such that this is covalently linked to the
antigen upon translation. Preferably the tag polypeptide is selected from the group consisting
of a PK tag, a FLAG tag, a MYC tag, a polyhistidine tag or any tag that can be detected by a
monoclonal antibody. Other examples will be clear to the person of skill in the art. If used, the

25 PK tag preferably has the sequence Pro-Asn-Pro-Leu-Gly-Leu-Asp. A tag of this type may
facilitate detection of antigen expression, and clones expressing the antigen, and alternatively

or additionally, may lead to increases in efficacy.

The nucleic acid encoding the tag polypeptide may be positioned such that, following
translation, the tag is located at the C-terminus or the N-terminus of the expressed antigen or
30 may be internal to the expressed antigen. Preferably, the tag is located at the C-terminus of the
expressed antigen. Nucleotides encoding a linker sequence may be inserted between the

nucleic acid encoding the tag polypeptide and the nucleic acid encoding the expressed



expressed antigen. Nucleotides encoding a linker sequence may be inserted between the nucleic acid
encoding the tag polypeptide and the nucleic acid eé:coding the expressed 8 antigen. Preferably, the

linker sequence, when expressed, comprises the amino acids Gly-Ser- lle. More preferably, the amino
acids Gly-Ser-lle are inserted between the N-terminal antigen sequence and the tag of the expressed

antigen. Moshareierpkiieribeyexrs essed Ratigrn isvAGRSHIASRBA) Aps R Pidamifdacaie Ga)-the-

C-terminus of the Ag85a (Ag85A) gene. 5 A gene encoding an antigen can also include a leader

sequence. THe e PEiidhed Mnaiandei brbtesindlortndrrivdraranee s Ry 1Al ARRRER
stability or trangplatien aaHfliciengys BreferallyrdiiedeadiaequeRCEeRAMBICEHEXPHPRIQA ARdQ is
immunogenicity of the antigen. Enhanced immunogenicity can be determined through e.g. cultured
and at vivo BEFSPOEE8ARIATE SR AP RS IS OHESEIBI tahtBe AeEeANERP DY &8Cusing a 10
monoclgnal antibody to detect the amount of protein prod c%d. PreferablyTgépression and/or
immunc%eniéitﬁ%%“é}‘r‘ﬁ Hige M e85 C38la o8 8\7’\‘/#8 B ATIEFRG o AItGAHCESERSE Witthout
the leader segfdgengsrobessngamipleled gpsuitablerieadeihseguenkeNis, t-MRUSssADAIasINagaRlagtvator)
(Malin A.S. et al.. (200 icrobes Infect, 2000 Nov;2(14):1677-85). . Preferably, the viral vecto
ConstruciionRITRed RO 5h CEHBETEE SRRSO KBNS AR T AT g e
sequence. Inaighl fiEihangrefairedephddimenin the dealrmaeiortbfdhghinvgntonexpressescavivo
C-terminally sequence of Ag85A fused tg.a TPA leader sequence and to a PK tag.
sequence. DALY, o HEacup SEUUAREL [EYE8h GRBRENOReR Tl SR dRitba i il
sequence isitusedleithesrtterhally dstéotttie Grieumindpaitcihepprotewdl. IPraferabpe cafie priefenietior
embodiment, the viral vector conlﬂ%ucti %c%rgé)lr'sgsﬁal]gorpol nucleotide encogfin Ag85a (Ag85
C-terminally TTUREREE By Y 5 5B A Tuse Elo a TPR'SEleNds b With® @%@F el P HEY of
sequence Proihsnt Rie-leadtie yeGlydceu-Aspexahgiieirothe anitndadichdesiskipedsty-Ser-Ha arespresent

between the AQRo Seuenos BTG PIIog (SR ND. Sl PrefErably iR exmasaoRAradct o

the viral vectbf NS th& aming Adi sequence o € protective’ c n)Oted by

the inventor%h?s qée)len {h)und to be CParticuIa‘rla/ potent in_human cl:;)a%tients ho have b(Fen ﬂrq)reviou?y
reireral € viral. ve T construction comprises a -terminally truncated. Sequence

exposed to a myco acterial'an |gen.(1-le<fero ogous prlmpe-%oost Immunisatron s{}a%egles duce ﬂlgher

levels bbeffesBSA deladsponIdincatimaigi@ndehimarsithfurthemplagoed bodsthpevithttiveiaine

‘ég‘ifg”8‘36§_s‘3hv%%'Qre&f%hg'inav'en%logn% Ak Mot S0P 2N GRRANG b E R AR9SR ANEsto TR - 69,
leader sequence and to a PK tag sequence. Preferably, the leader sequence is fused to the N-
terminus of the antigen and the tag sequence is fused either internally or to the C-terminus of
the protein. In an especially preferred embodiment, the viral vector construction comprises a

20  polynucleotide encoding Ag85a (Ag85A) C-terminally truncated by 15 amino acids fused to a
TPA sequence and with a C-terminal PK tag of sequence Pro-Asn-Pro-Leu-Leu-Gly-Leu-Asp
wherein the amino acid residues Gly-Ser-Ile are present between the Ag85A sequence and the

PK tag (SEQ ID NO:5). Preferably, the expression product of the viral vector has the amino
acid sequence of SEQ ID NO:6.

25  The protective T cell effect noted by the inventors has been found to be particularly potent in
human patients who have been previously exposed to a mycobacterial antigen. Heterologous
prime-boost immunisation strategies induce higher levels of effector T cell responses in
animals and humans than homologous boosting with the same vaccine (Schneider, J. et al.

(1998) Nat. Med. 4, 397-402, McShane, H. et al (2001) Infect. Immun. 69, 681-686).

30 The mechanism underlying the gradual loss of effectiveness of BCG as the (neonatally-
inoculated) individual reaches 10 to 15 years of age is poorly understood. One possible

assumption is that immunity generated by BCG has disappeared and the individual becomes



30 The mechanism underlying the gradual loss of effectiveness of BCG as the (neonatally- inoculated)
individual reaches 10 to 15 years of age is poorly understood. One possible assumption is that
immunity generated by BCG has disappeared and the individual becomes 9 equivalent to a naive host
who can be vaccinated with a new candidate vaccine designed to induce primary immunity. Although

repeated vaggin@tiRAWih B&iGdRRs wabanResy {ackurinel fnianeeweissiinm: agaiist tBs(satd
Rodrigues L et al, Lancet 2005), incorporating BCG into a heterologous prime-boost regime would

retain the prtdREY LB BRBERYTHY BAHEHUSBERATKFASHRRH A e¥iNe BFifdadgst BYodRREFBEG

with viral vegtfseeXaessingpraniiasn 85aA{AIBRANN RE¥ARYANIMA! NodgishapreViausyheghng
documented ;Goonetilleke, N.P. et al, (2003) J. Immunol. 171, 1602-1609; Williams A et al, Infection

and Immun 3(‘6‘?:%ﬁﬁ@?ﬁﬂ?ﬁ%imﬁmhrﬁg%rW@gﬂ\f@tﬁ%’é%r?@%%lﬁe%%%ﬁ%é’%g(ﬁo?he
documemtediniQugesions; thelinenriianalsaipieyidgsmeHoB s raisngad Rl bR RdasROnse

in a human patient, comprising_the step of administering at least one mycobacterial antigen to a

patient in corfFi#tiofPwitha reld vABYHHY cAMBMSING W HSn RabIi st e BREAL SR CHAA Y
viral vector gxpiessingitbeNnslaliquuodughehanslycobantenal 653 (oA aene, Risfaishlyndhe T

cell immune response memory. T cell immune respanse. 15 The invention also provides the use of:
(a) at least oﬁﬁ‘é‘?ﬂ&}&éﬂdﬁé@ﬁ% iGanP Uy A OB S e RIS L CBTRRSInG S hSrPapie A g St
replication ingpaiti@envé@l vector expressing the translation product of a mycobacterial 85a (Ag85A)
gene, in the manufacture of a medicament for administration to a patient to induce a T cell immune
responise. Thaetbierechydacuiticorpoging alewn-rephodtifig edisaplieaticeivipatiec: viicapyeaidan 20
expressing the translation product.of agmycoba}:te(gal 85a l('l,FA 85fée) ene and the méyclobatcteria%l
antigen(s) may'B& AaHiRIstEBE SiMatER TR/, LEGURREA ;ﬁg & SEBRARIMHESPASKAIR I A o 2
mycobacteriphaerigensibia ten adliinistereckéd pricomtheopgiieyin p eforenaeplitat ag minispiativionf the
vectored vaccine. to boo?t the Or%atient's.im une re #lonse ta the vectore vaccip%% %?QF%I irmorg,

h
. . 1mPa1red viral vect et)H%)r s51fn|%t e transldfion product of a mycobacteria r% A %%ne
the invention also provides a me ] ucing a I celf immune response in a pati

comprising tRe:tieplyf ddriicididringuan spwRe genitanrpdsitdhicompesasgoasaon-replicating or
replication impaired viral vector expressing the translation product of a mycobacterial AQ85A gene to
the huitfan phientveitereialteeppaticks Hhs beenfrépxpdsed tme mycobacterial antigen; and (b) a

vectored vaccine comprising a non-replicating or replication impaired viral vector expressing
the translation product of a mycobacterial 85a (Ag85A) gene, in the manufacture of a

medicament for administration to a patient to induce a T cell immune response.

The vectored vaccine comprising a non-replicating or replication impaired viral vector
20 expressing the translation product of a mycobacterial 85a (Ag85A) gene and the
mycobacterial antigen(s) may be administered simultaneously, sequentially or separately. For
example, the mycobacterial antigen(s) may be administered to prime the patient before or
after administration of the vectored vaccine to boost the patient’s immune response to the

vectored vaccine.

25  Furthermore, the invention also provides a method of inducing a T cell immune response in a
human patient comprising the step of administering an immunogenic composition comprising
a non-replicating or replication impaired viral vector expressing the translation product of a
mycobacterial Ag85A gene to the human patient, wherein the patient has been pre-exposed to
at least one mycobacterial antigen. Preferably, the T cell immune response is a memory T cell

30 immune response.

The invention also provides for the use of an immunogenic composition comprising a

vectored vaccine comprising a non-replicating or replication impaired viral vector expressing



at least one mycobacterial antigen. Preferably, the T cell immune response is a memory T cell 30

immune response. The invention also provides for?tae use of an immunogenic compaosition comprising
a vectored vaccine comprising a non-replicating or replication impaired viral vector expressing 10 the
translation product of a mycobacterial 85a (Ag85A) gene, in the manufacture of a medicament for the

treatment orqpeevaRtian&f PyeRkaderiakisessadna Msman pientoyricinhas beanupieredesed to a
mycobacterial antigen. The mycobacterial antigen may be from M. tuberculosis and/or may be from

one or moreMSYHEGHy Edb RGeticALIER: ¥ MIYGRARI ntafuirnBReteRirlkdISeassi I Anta P& RITbr M.

ulcerans. WhairthaPstignseaspeea Rie-axResacdaAnitiesg. antigen, the antigen may be an
antigen that confers a protective immune response against mycobacterial infection. In one

embodimentictheytoteptianl theigetiganyidwhich the paienlbas haarvpitexposathisonetoAgaé. 10

Alternatjvely or additionally, the patient may have been pre-exposed to one Qr more, mycobgcteri
themseées.‘?ﬁé TeRAmBIAC S %s%ﬁr%f 9V B4TdRY ﬁf%ﬁlfzggt ﬁe Ry edbatterfAt ant eﬁf'ﬂ?gp :

comprise prigicexpasuwehadhéybeikaitlbsishadlignradivelyear tadsliionalytipEareskieasitie o invapaiient to
at least one mﬁc%%baﬁ%erialrﬁa;tigen may comprise grior exposure to enviri)nmenttl. Cobac]%‘e[ria such

as M. aviumARile iith e WAk AnBEYR Y 5 MHRURR G GToPRA NSRBI A aRT ABIY S YR8 pti&hY is

latently infectatbudithéhe ofmyteobneiaitm, bt andpeples thaipatibatpmasnhave beanmecceppased oM.
tuberculosis&gg e latently infected with tuberculosis. Where the medicament is for the treatment of a
patient who'i 5’ htly infected with the mycobacteria, the treatment preferably eradicates the

mycobgcterigl infection. 20 Alternatively o, additionally, pre-expgsure may comprise neonatal or
pre-vatdnat hCuth B TR RNy e, patiet ey Tty bec BIESERREL S 1 ot qrore
vaccinated presobuasiyrieitthB@Glaed whcothenaegdévegra-equsting ddse opihientectored lascinmeof the

present inverfion, substantili.ighey leyels,of agiigen spegii Inteyfergny secteting L geliocere
induced, and &t 391 Weeks after vactmationthese levels were 5-30 imes greater than in ﬁg vaccines
administerechdlgioghd]l B G vagoinatior!. Apadrdinglyathéssspechofciiedmmationipeovides comptised of
;"tﬂg;ggof‘];p%f"é'r NS SRR AANUTRLRATEN SRMRUISNY, IS, S8R MRS R 15 Ratient to
15 M. marinum and/or M. ulcerans. Preferably, the patient is latently infected with the
mycobacteria. For example, the patient may have been pre-exposed to M. tuberculosis and be
latently infected with tuberculosis. Where the medicament is for the treatment of a patient
who is latently infected with the mycobacteria, the treatment preferably eradicates the

mycobacterial infection.

20  Alternatively or additionally, pre-exposure may comprise neonatal or pre-vaccination with
BCG. The present inventors have found that in volunteers who had been vaccinated
previously with BCG and who then received a boosting dose of the vectored vaccine of the
present invention, substantially higher levels of antigen specific interferon-y secreting T cells
were induced, and at 24 weeks after vaccination these levels were 5-30 times greater than in

25  vaccinees administered a single BCG vaccination.

Accordingly, this aspect of the invention provides a method of inducing a T cell immune
response in a human patient, comprising the steps of exposing the patient to at least one
mycobacterial antigen, and boosting the immune response by administering a boosting
composition comprising an immunogenic composition comprising a non-replicating or
30 replication impaired viral vector expressing the translation product of a mycobacterial 85a

(Ag85A) gene.



mycobacterial antigen, and boosting the immune response by administering a boosting composition
comprising an immunogenic composition comprisigﬁ a non-replicating or 30 replication impaired viral
vector expressing the translation product of a mycobacterial 85a (Ag85A) gene. 11 This aspect of the
invention also relates to a method for generating a T cell immune response in a human patient,
comprising thhg;steps @fol)BXpRRIREJRA PSSR Bldeastheaginyerkasig iaaatigannilRARpIsRIINg
to said patient at least one dose of a hoosting composition comprising a 5 vectored vaccine
comprising dhoAYEANRKTG of FRIMELRS fviRr < viral vector expressing the translation product of a
mycobacterial 85a (Ag85A) gene. In one embodiment of thff invention, where the patient is exposed to
only one myBol3RESHE ¢ %H@%WH%%&GB%%GAH%%E?%GEH ANi§ER that confers a protective immune
response, bubisdnot.AthSA. 10 S(tieg I). ma tbf,\ep?rforméad onfthe atient at any age, for examgle,
neonatally, dUrSGFAREYE dOriil aBbTsEtehc& St QNG Hablood Prererabh e i ne
neonatdly expoesewitaltheacaideastmpeisingcabacteriapAcitiyen. ddmeiplistradioniofpiednritogectiar
composition may occur atleast 1. 2, 3, 4 , 1, 8,9 0r 10 or more gﬁ%lg%or 0.25, 0.5, 0.75, 1, 5, 10,
12,50, 25, 30, SH S AOHTE e TaIoR mdch ot e b R AR e eopacierial anigen.
Preferably, where step i),is performed when the patient is in infancy, step i) is performed durin
infancy or adBleeaRRE T L iy e R R cta i Celity Rratechi b RReE s musishy
compositiondntitsn patiept)) thhenarethas anemdpsasimaydaeadmpnisterad ovenashespoine peticd of
over a long tmgaggélgd For example, the doses of boosting composition may be administered over a
20 period of hour , days, weeks, months or years. For example, the second boosting dose may be
administered,between 0.5 and 24 hours after the first boosting dose, between 1 day and 7 days after
the Tl GooSHRG HASE) BRATLisT St B R Srariheohor Do e Tk p SR T i
and 6 monthduaifigrddhd dicstnbe estihgidg selubbtwée Pt fanibllys thag dtigeais attendtad firstjosedtinghdose,
or between 1 tt?ez 2t05,61t010 o mare than 10 years after the 25 first boosting dose. These time

intervals pre?era%%/oalﬂgén gﬁ% ﬁ‘cr%% AtiS Mtttndis to the period between any subsequent doses. In a

second aspegt o I P T 3ATHALAR NS ATITHOR HeSPO0ss Ndused a9ainst % 7.8, 9 or
10 or more weeks or 0.25, 0.5, 0.75, 1, 5, 10, 15, 20, 25, 30, 35 or 40 or more years after pre-
15 exposure to at least one mycobacterial antigen. Preferably, where step i) is performed when

the patient is in infancy, step ii) is performed during infancy or adolescence.

Where step ii) comprises administering more than one dose of a boosting composition to the
patient, the more than one doses may be administered over a short time period of over a long
time period. For example, the doses of boosting composition may be administered over a
20  period of hours, days, weeks, months or years. For example, the second boosting dose may be
administered between 0.5 and 24 hours after the first boosting dose, between 1 day and 7 days
after the first boosting dose, between 1 week and 1 month after the first boosting dose,
between 1 month and 6 months after the first boosting dose, between 6 months and 1 year
after the first boosting dose, or between 1 to 2, 2 to 5, 6 to 10, or more than 10 years after the
25 first boosting dose. These time intervals preferably also apply mutatis mutandis to the period

between any subsequent doses.

In a second aspect of the invention, in addition to the immune response induced against the
85a (Ag85A) antigen, the viral vector stimulates a vector specific T-cell response. According
to this aspect of the invention, administration of the vectored vaccine of the invention
30 promotes a T cell immune response against the virus from which the viral vector is derived.

For example, use of an MV A vector in the vectored vaccine of the invention promotes a T cell



85a (Ag85A) antigen, the viral vector stimulates a vector specific T-cell response. According to this
aspect of the invention, administration of the vectored vaccine of the invention 30 promotes a T cell
immune response against the virus from which the@ral vector is derived. For example, use of an
MVA vector in the vectored vaccine of the invention promotes a T cell 12 immune response against

vaccinia virugnfRteterelyntbigchinsllvaspansars arpepte@ivedlicallcssegnsiRe AN LRkt VOB Hupe
has not been reported previously and is clearly advantageous in that the vectored vaccine has a dual

role; firstly if PRABGiy G55 hDEL bRE BARNYiSesR SePiRA RUEBINdH pilde i dydhaniedr¥sse

mediated byjyirgsesielateddiedheaverior s In thgatagteofihaI M UA poedefinglaBatndisaazsetacserallpox.
Virally derived diseases which can be treated or prevented by the vectored vaccine of the present

invention will563RSar i H56SR PRSI RE ARiBSLh RS atadR srhB pdRssh ariRtssbi B yector.

dissemipateghvaeGinia drfgetianv Aceerstinglyh thissesnest @hdhpgorvention provides a method of
inducing a T cell immune 10 response against a mycobacterial antigen and a virus in a human patient

comprising thersigPJI&H ARANUNSISSNG ROHNOAUPO GRAIE COMPRSIEMBC B RIS G R RANVERBiRAURGHRT
replication impaired, viral vector expressing the translation product of a mycobacterial Ag85A gene to

the human P5tisAL. BHERGBIYV DS clapinimdhesteSholidl i dhfefory pRalete e slRepect

of the inventigonkisgexairid assteaisseeafhvabcimimniggrMC composition comprising 15 a non-replicating
or replication impaired viral vector expressing the translation product of a mycobacterial AQ85A gene

in the manufaetiigiabp Medicapreniiombenneirsio ol aids GehMBIBE IRSRINSE ADIStiimune
mycobacterial antigen and a virus in a human patient. The vaccines of the invention deliver an

immunblogid&ipoue ce SN st TEabABRE T ARY anviE's IatidHMBY, PRIFRL ABIBETMNS Ditetite
amount, it is;meantihedihe <0iadRuRéséatioshibatiomeynipasalt indhiduaplREngE idrarsprlaidase

or as part of a series, is effective for treatment or prevention. This amount varies degending upon the

health and PRYSIES CURUNRSOEFIRETIURG il T e e e ahel SEQPACiEy B fs MbRfAn AP e

immune sysigmaiiRsiegree-erppoieaiion dasiemhuiierbiopaniation atins yacaingctperiseating doctor's

assessment of the medical situation, and other relevant factors. It is expected that the amount 25 will

fall in a relatively &3peadoBihgaihaitkanabe gaterdeingd theooin rowtinadsals tomapbiid @spaapatine
the viral vector. ma furtT.er express the translation product. of gne or Sr’[l1aotre addig'onal

inventiri) , 1c £
antiger] Bends WA RS BE UsEspli WACE B SN el pressing the trnsation produt of a

mycobacterial Ag85A gene in the manufacture of a medicament for the induction of a T cell

immune response against a mycobacterial antigen and a virus in a human patient.

The vaccines of the invention deliver an immunologically effective amount of at least one
antigen to a patient. By ‘immunologically effective amount’, it is meant that the
20  administration of that amount to an individual, either in a single dose or as part of a series, is
effective for treatment or prevention. This amount varies depending upon the health and
physical condition of the individual to be treated, age, the capacity of the individual's immune
system, the degree of protection desired, the formulation of the vaccine, the treating doctor's
assessment of the medical situation, and other relevant factors. It is expected that the amount

25  will fall in a relatively broad range that can be determined through routine trials.

In a third aspect of the invention, the viral vector may further express the translation product
of one or more additional antigen genes which can be used to induce an antigen specific
immune response against such additional antigens. The immune response may be a CD8+,
CD4+ and/or antibody response. Preferably, the one or more additional antigen genes is/are
30 derived from M. tuberculosis, Plasmodium sp, influenza virus, HIV, Hepatitis C virus,
Cytomegalovirus, Human papilloma virus, malaria, leishmania parasites or, preferably, any

mycobacteria spp. Preferably, the one or more additional antigen genes encode an antigen



immune response against such additional antigens. The immune response may be a CD8+, CD4+
and/or antibody response. Preferably, the one or n1 re additional antigen genes is/are 30 derived from
M. tuberculosis, Plasmodium sp, influenza virus, HIV, Hepatitis C virus, Cytomegalovirus, Human
papilloma virus, malaria, leishmania parasites or, preferably, any mycobacteria spp. Preferably, the

one or morediianaloantihen genssceRseEsABaMigemd&Salecied fiamdnessraumtpnsisting:gf; an
antigen of the antigen 85 family from any Mycobacterium or any antigen expressed by mycobacteria

spp.; more PrAYEPRBREERE R ABYNHRESH GF BtieRchRYsTiT AR ifo R DRIGEN BFREPAPRESHBIAL
heamagglutini {BAMI}&s ERATR ehdhrskusiomBeRteis KPunasiddig héhis SR emysaaed Ahasithe

additional antigen may be endogenously derived such that the immune response induced is directed

against a turhSar ERGLGEHIREY LR ANRGEHLvhich are suitable for use with the present

inventiopn are; human heat shack proteing and tymour associated antigens such as CEA, PSA, Muc-1,
oronon ol Gral GeeRa A Aottt Rl B BB R A R e AT BT e P i o
10 antigen genes@sraspeipitopesising dAchaciaganisly riheepifipRydnasyiogiatmudtiplensepitapes
are linked together withqut intervening sequences so .that unnecessary nucleic acid .and/or amino acid
atoriat is SUHPRol Bt dioM B 616 BRRSHb Qo ety By CHATAB I SIoR e SaiSiom s commout
recombinantaRbAatansittgeihauehasddsAhrSaniviaacidkeguence of the epitope string, with the DNA
encoding the Ag85A in the same reading frame as the DNA 15 encoding the additional antigen(s).

AlternativelyTthevigBoéstandithebadttitignad antiyerds) tinaydss Axgeressead ths separateopo hdokqpdickds.
This aggect of ihe inyention, also provides the usgof 3 vectored yaccine comprising.a nap- fepligating
or replication |m‘%)a|r§8 Viral VECtorexpreSsing the tranatation producto myco ctefial Ag AP gene
and the transfatigrepaoe licikefl ab fpastrongladditiopalcantg seqoeiR@ € pitohe genecirsdiny marekaatude of
& medicament fpr (e reament aLprPYentionof byth Myeeasteial diseass and at leastong
additional disease In a human paﬁen by |ndlucmg aT cefresponse N the pahegnf].n%cgor Ing o]fﬁis
aspect of thexthueetiomsitigeavectorddmac deAmayn siaios dtiteprodestthgaimstobatil ryqaibactefidhc

disease, and against one orjmoni;?e%?\?gse&g {ggtﬁ% f;%rQStReilgr%%psa%ecrgggéﬁr%ngaof HIVTIrlQaIBei\rIig, and

epr string, € a
smallpox thro%g the induction of a T celf immurre respénse In a human pati prg%rasbyamemory

T cell imuracedipgnge. additional antigen(s). Alternatively, the Ag85A and the additional antigen(s)

may be expressed as separate polypeptides.

This aspect of the invention also provides the use of a vectored vaccine comprising a non-
replicating or replication impaired viral vector expressing the translation product of a
mycobacterial Ag85A gene and the translation product of at least one additional antigen or
20  epitope gene in the manufacture of a medicament for the treatment of prevention of both
mycobacterial disease and at least one additional disease in a human patient by inducing a T

cell response in the patient.

According to this aspect of the invention, the vectored vaccine may be used to protect against
both mycobacterial disease, and against one or more diseases selected from the group
25  consisting of HIV, malaria, and smallpox through the induction of a T cell immune response

in a human patient, preferably a memory T cell immune response.

Although the vectored vaccine of the present invention may be used in isolation, it may also
be combined with other vaccination or therapeutic regimens for treating or preventing an
additional disease. Therefore, as well as providing the vectored vaccines as described above,
30 the invention provides a composition comprising a vectored vaccine of the invention and one

or more further antigens or epitopes derived from a disease-causing agent.



Although the vectored vaccine of the present invention may be used in isolation, it may also be

combined with other vaccination or therapeutic reg‘J9 ens for treating or preventing an additional
disease. Therefore, as well as providing the vectored vaccines as described above, 30 the invention
provides a composition comprising a vectored vaccine of the invention and one or more further

antigens or eitaRes datvesidpm adiasrseocausing agentodposintigenst and apitorRs suiabir fer use
in the compasitions of the invention may be of bacterial or viral origin. Suitable antigens may be

further classhfstPaal pebtifrhiitiehs SettBlshparsr s mmeeds dgileoclmiifste 2nRERAY RlEens,

compositionsLbERedrite iRk o ke PR MAR L eRaRbafRSiIAbRPIHPRES. iEvamBlesake: 5 -
a different mycobacterial antigen or eptiope. - an HIV anti%en or epitope. - a Plasmodium antigen or

p ;
epitope. - a HAMISLERH BG5S B UBspaNU SRS ERBHARSS: RovASreptococcus pneumoniae. 10 - a

protein %ntigen f.%n Sngneurrﬁonia%e. , from PhtA, PhtD, PhtB, PhtE, SpsA, LytB, LytC, LytA,

Sp125, pIOT,aéﬁ SENEIYSERAA FENA RPN or epitope from hepatitis A virus, such as

inactivated virus. - a7 aqti enore itoepe from hepatitis B virus, such as the surface and/or core
g an I%

antigens. - a_na.'artlnklI n or [I)lit%rpeep r%‘?”n'hepatitis C virus. 15 - a saccharide antigen from Haemophilus

influenzae type lbl'a S-npocgﬂg nqgtlgggﬁs(?r%r epitopes such as in IPV. - diphtheria vaccine or its constituent

. — d. C. . . . . . .
epitopes or an%lgens or toxold. ~- tetanus \Paccme or its constituent epitopes or antigens or toxoid. -

measles, mi@%ﬁ%ﬁ%nﬁ%&%”@r%dﬂﬂgeﬁgs or epitopes. 20 - influenza antigen(s) or epitopes such as the
haemagglutinin and/or neuraminidase surface proteins. The flu antigen may be selected from a

pandemic strajny,efar{iRMAaN oS epaiFain i INduman fntigen or epitope from Staphylococcus
aureus. - a cancer antigen or epitope. 25 Where a saccharide antigen is used, it is preferably

conjuggged to @pﬁ%[éﬁ%fdﬂt%@?fr&leﬁpﬁ&%om(H?Q.Q%ﬂﬁiﬁht}ﬂ%iﬁtpfqiﬁm,317]{{9:‘? Rpsnay q1g dejaxified
where necessa% e.g. bg/ chemical
LytA, Sp125, Sp101, Sp128, Sp130 and Sp133).

— an antigen or epitope from hepatitis A virus, such as inactivated virus.
— an antigen or epitope from hepatitis B virus, such as the surface and/or core antigens.
— an antigen or epitope from hepatitis C virus.
15 - asaccharide antigen from Haemophilus influenzae type b.
— polio antigen(s) or epitopes such as in IPV.
- diphtheria vaccine or its constituent epitopes or antigens or toxoid.
- tetanus vaccine or its constituent epitopes or antigens or toxoid.
— measles, mumps and/or rubella antigens or epitopes.

20 - influenza antigen(s) or epitopes such as the haemagglutinin and/or neuraminidase surface
proteins. The flu antigen may be selected from a pandemic strain, e.g., from avian flu, e.g.,

strain H5N1.
— an antigen or epitope from Staphylococcus aureus.
— a cancer antigen or epitope.

25  Where a saccharide antigen is used, it is preferably conjugated to a carrier in order to enhance
immunogenicity. Toxic protein antigens may be detoxified where necessary e.g. by chemical

and/or genetic means.



and/or genetic means. 15 Saccharide antigens are preferably in the form of conjugates. Preferred
carrier proteins for conjugates are bacterial toxins gr toxoids, such as diphtheria toxoid or tetanus
toxoid. The CRM197 mutant of diphtheria toxin is ggparticularly preferred carrier, as is a diphtheria
toxoid. Other suitable carrier proteins include the N.meningitidis outer membrane protein, 5 synthetic

peptides, heghahRskiPaigSs REE SIS RENSIRSHEVIGHINGS dANRNEKINSS RAQNESer R {astors,

artificial proteins comprisin muI_ti[IJIe human CD4+ T cell epitopes from various g;\thogen-derived

antigens sudPHESAENAS BASIETH protdin O Homid: et dhiRsEatidcl SirtetproidinibepA,
pneumolysirg ReNHyptakeaptotginephendAAwk R Tom fardificis; elerdbelwibesaniiorns iiphtheria

composition will typically be E{esent at a concentration of at least 1g/ml each. In general, the

concentratiol® 6 En P PverURRIe f WilEh QiR i e al- A e sPYRS S GRS Siftigen.
As an aBerngiivé s ded ek RN OGN SR iba s pvdidias NeRimas it entedingsthRd ranigen

may be used. Protein compongnts of the mixture may thus be replaced by nucleic acid .15 (preferably

DNA e.g. in S8 8614l AEHI AP ERRD OB o et UBlMm MM Shddsiliors! ctRHEP &iBn
may compriseusateishvbiahdelivie saaebadidecAniigans K19 prirRiopRIe: antirtsiotpe gninaies.
Furthermore, the invention also provides a composition comprising a vectored vaccine of the jnvention

and one or rBFABATARFAOBIEPEDRIRSTAJS ek aPREIERCOY AhtiHREUBIAKS QRIS 6P B0t 1 fham

compositiong efitheinention are antituberculous chemotherapeutics such as rifampicin, isoniazid,
ethambutol, pyrizinamide, etc. Accordingly, the invention provides a method of raising a T cell immune
respond® aggiindicataigasheorie drtigempostiounvail papienll cdraprissegtthe stemoimadmion siéringeast
vectored vacécin &fom rigin a ngn- eplicatirrgg?or re gcation inépaired virahl_l vgctorffex ressing the
translation 2 ng U3t d'mytobactErial K§ &2}&5 SRY §ESE, RS BTHARS WA SR LA sts e
further antigemame/csspoitiveigseinaltiot theigatient. The invention also provides the use of: (a) a
vectored vaccine comprising a non-replicating or replication impaired viral vector expressing the
translation prodactatttenatyeoloactergalikgisAr¢kg854) grenen dhel fiok airte astctme durdhercadtigethe

and/or m'croﬁ’?'ﬁ#rﬁ‘ IS ANl &R G e L A TR SHAYRR [ R OUMANRAISOL IR
induce a T cell immune response.

15  (preferably DNA e.g. in the form of a plasmid) that encodes the protein. Similarly,
compositions of the invention may comprise proteins which mimic saccharide antigens e.g.

mimotopes or anti-idiotype antibodies.

Furthermore, the invention also provides a composition comprising a vectored vaccine of the
invention and one or more antimicrobial compounds. Examples of antimicrobials suitable for
20 use in the compositions of the invention are antituberculous chemotherapeutics such as

rifampicin, isoniazid, ethambutol, pyrizinamide, etc.

Accordingly, the invention provides a method of raising a T cell immune response against at
least one antigen in a human patient comprising the step of administering a vectored vaccine
comprising a non-replicating or replication impaired viral vector expressing the translation
25  product of a mycobacterial Ag 85A (Ag85A) gene, in combination with at least one further

antigen and/or antimicrobial, to the patient.

The invention also provides the use of: (a) a vectored vaccine comprising a non-replicating or
replication impaired viral vector expressing the translation product of a mycobacterial Ag85A
(Ag85A) gene; and (b) at least one further antigen and/or microbial, in the manufacture of a

30  medicament for administration to a human patient to induce a T cell immune response.

The vectored vaccine comprising a non-replicating or replication impaired viral vector

expressing the translation product of a mycobacterial Ag 85A (Ag85A) gene and the further



The vectored vaccine comprising a non-replicating or replication impaired viral vector expressing the
translation product of a mycobacterial Ag 85A (Ag ) gene and the further 16 antigen(s) and/or
antimicrobial(s) may be administered simultaneously, sequentially or separately. For example, the
vectored vaccine may be administered to prime the patient before administration of the
antigen(s)/antimirebialisy/oF afienhemiisialiopotaiantigen(S)iahaesiihe Rajeatisimmene
response to that antigen. The vectored vaccine and 5 antigen(s)/antimicrobial(s) are preferably

administered SRR RS SRR RTISRCLRL PRARMSIMAY Risadariatsierrd shrisrgitrparienbpetore
antimicrobiahiihestraasy taky amfe edisanme s @)dGiReraht 68HhiMMUNET esRRNSRIRA(PAENt,

wherein the medicament is administered with a vectored vaccine comprising a non-replicating or

replication iPaifediraPYacibs eXBraLLHhg AR s RiohHrotiIsar a Mcotertttr Aggsae, gind

(Ag85AK gengx DRl IR AR MRS IRa s R @A ERIQEEi vageine comprising a
non-replicating or replication impaired viral vector expressing the translation product of a

mycobacterizhAdB2AH{AD3EH) peredis the nsauwaciulenf anseaitadenniotngudimgrablalcall the
immune response.in a afient, lherein the medicamenpt is.administered with at least one  furthe
antigen anc/BP ARSI Bid) e PR TA AP BN SHLEE chanilbed THB IS 5P AP IS8 R Sl TSR
antimicrobiahiadizem#ianifaetiindfiaddedichmentdaoisducitgire T @eliprivingne raspaspiditiagpadient,
where the patient has been pre-treated with a vectored vaccjne comg ising.a non-r Iicatirf%o%
replication rFiPAIFHT AT VRS LS e RS o AR B Ry SRS R G G
The int@ntioMals®A)rguide Sihkl ade diaivechoiad practipe thenpsising ecboineteplicating@Qpising a
replication im aired].viral vector ex $ressin the t(gansl tion groduct of a nycobac;erjal A]%' 5A %)zne in
the manufaclilgll']ér A HG BT FBY AR & T E irriIng RS pdksdh Hapatient, WRers' s @
patient has hegropiesdredatad 8ith ailetsa ppenaritighn andidhantini€robialichheprésentdmiantioM may

be used to indHce or enhance a variety of immHne.re onses, as descgbed. abO\(/ie. lr}lparficular, it is
. .Cce 1mn;[1.une resgon% m a %Pe t, wherein t €f§]§ icament 18 a mlmst%ra with at. easlgl.oxrl]e
an aim of this‘invention'to identify an €ffective means o Immunizing against diseases in"whic

mycobacterifuateimpligateddSuahtdiseadaslinclude Hansen's Disease, tuberculosis, osteomyelitis,
Crohn's Disease, leprosy, lymphadenitis, Johne's disease. The above-described aspects of the
inventith ard’bpplicabteto dseapetyidédifferant pafientiasncindingtigerexanjple aohildreobiphtientsewho
have HIV, AlrQE%l’u%{Ceture of a medicament for inducing a T cell immune response in a patient, where the
patient has been pre-treated with a vectored vaccine comprising a non-replicating or
replication impaired viral vector expressing the translation product of a mycobacterial Ag85A
gene. The invention also provides the use of a vectored vaccine comprising a non-replicating
20  or replication impaired viral vector expressing the translation product of a mycobacterial
Ag85A gene in the manufacture of a medicament for inducing a T cell immune response in a

patient, where the patient has been pre-treated with at least one antigen and/or antimicrobial.

The present invention may be used to induce or enhance a variety of immune responses, as
described above. In particular, it is an aim of this invention to identify an effective means of
25 immunizing against diseases in which mycobacteria are implicated. Such diseases include
Hansen’s Disease, tuberculosis, osteomyelitis, Crohn's Disease, leprosy, lymphadenitis,

Johne’s disease.

The above-described aspects of the invention are applicable to a variety of different patients,
including for example, children, patients who have HIV, AIDS, are
30 immunocompromised/immunosupressed, or who have undergone organ transplants, bone
marrow transplants or who suffer from genetic immunodeficiencies. Where the vaccine is for

prophylactic use, the patient may be a child (e.g. an infant or child between 1-5 years), an



30 immunocompromised/immunosupressed, or who have undergone organ transplants, bone marrow
transplants or who suffer from genetic immunodefiiz/ncies. Where the vaccine is for prophylactic use,
the patient may be a child (e.g. an infant or child between 1-5 years), an 17 older child or a teenager,
where the vaccine is for therapeutic use, the patient is preferably an adult. A vaccine intended for

children may,glsodag ReMinisiered-io Aclin e Gctonassess Safehtulosagen i PRAPUSHISI aBliE af he

invention also provides a pharmaceutical composition comprisingél) an immunogenic 5 composition

of the inventtSiard Ya5ANsHARRDeL At SNy HER PRSI e RS SRR PP R dQ 25 SRsAdg o

preparing a ghaipeanahfitRleSABMYIStAg the steps of: (i) preparing a vectored vaccine of the invention;
and (ii) admixing the immunogenic composition with one or more pharmaceutically-acceptable
carriers. Carmig¢ (gy éaibheiRbypsolisiane e baahaaesi cat disafidndeacctiepraduclionofianinagiesic10

harmful to the patient receiying the compasition, and which cgn be administered without undue
toxioity. SuitsIRPCAIHENS LAY ERVEIRE SRR e BHSEH LR OB EEh as. proteins,

polysaccharides, pol Eactic acids, polyglycolic. acids,.polymeric amino acids, amino acid copo s,
g mactive oL SR e S PG R BR A R RN i S SR O T
Pharmaceutjpajyragceptaklgwadiersccar indlute liguidstsuch asl 1Giywaiémisaligetglycarmhaogknic
ethanol. Auxili% sgjt?srtlang sbﬁ:ucp as we tinl%gor e uifi@éinC% ?F%?ntshql-} buffering substances, and
the like, canalS6 be p())res‘gn iIA'SUCH Vehilgs. fgglhcza}né §ge% §'Such'as trehalose or substances that

allow water-sqlubl gar glass formati t . ambient temperatures m Isq he present. The latter
includes theEl%rlél%{? g??xeg s‘a?u%fbg?g%s%?a%%bltﬁégﬁi?ﬁ Stegcﬁ]nfgg%ylflr? %&%gpﬁgr%u?gpﬁa?iﬁggeﬁﬁéa in
perfluck@carbemifglits 120 piposomes dng dlso suitpbieioarrierd. whinbrouybelisdussisnred without

pharmaceutig é&éj‘ﬁ;@%{ § 3 g l& IN2&N0arq,(2P00) REIHIILRN, 18 %i NER ALEIRACUGR O
Pharmacy. 2(5?l ed., I§§N: gg g 0%471 .Pgarmaceﬁgégﬁ:oipogﬁonssg tﬁgéfnvengeon mai/ al?sgsbe
used prophyfeeticaslypelysinchagidaation st acidtaet iy enicrabisls ip@xpucie damd whidse amino
establishment of Wg&%ﬂ%ﬁt%nﬁﬁPfc@&@V%ﬁ%der%fé‘sstaﬂgﬁ g 9@91%%8%? e t%dEHH%'?tSfed_
prior to surgery. The pharmaceutical compositioh is preferably sterile. It is preferably pyrogen-iree. It is
preferably bufféradyesifilhtibethweat. Jthamacwpitd]yenespliplarcarntsHean Prefedabliguide such as
Compo%lon\!@a?e?p%%té,alg}'%&tgp'&W'QHAHQT@'A%XHMW substances, such as wetting or emulsifying
agents, pH buffering substances, and the like, can also be present in such vehicles. Stabilizing
agents such as trehalose or substances that allow water-soluble sugar glass formation at
ambient temperatures may also be present. The latter includes the use of mixed soluble glass
stabilisation technology in microsphere format suspended in perfluorocarbon liquids.
20 Liposomes are also suitable carriers. A thorough discussion of pharmaceutical carriers is
available in Gennaro (2000) Remington: The Science and Practice of Pharmacy. 20th ed.,

ISBN: 0683306472.

Pharmaceutical compositions of the invention may also be used prophylactically e.g. in a
situation where contact with microbes is expected and where establishment of infection is to

25  be prevented. For instance, the composition may be administered prior to surgery.

The pharmaceutical composition is preferably sterile. It is preferably pyrogen-free. It is
preferably buffered e.g. at between pH 6 and pH 8, generally around pH 7. Preferably, the

composition is substantially isotonic with humans.

The compositions of the invention may be administered via a variety of different routes.
30  Certain routes may be favoured for certain compositions, as resulting in the generation of a
more effective response, or as being less likely to induce side effects, or as being easier for

administration.



The compositions of the invention may be administered via a variety of different routes. 30 Certain
routes may be favoured for certain compositions, as resulting in the generation of a more effective
response, or as being less likely to induce side eff &s, or as being easier for administration. 18 For
example, the compositions utilised in this invention may be administered by any number of routes

including, butgatlimiies the QEAhPHIAYRNQHEHAATHISGNRAHA arayteE alniniTareduianyy intrathecal,

intraventricular, transdermal or transcutaneous applications, subcutaneous, intraperitoneal, intranasal,
enteral, topi4l, ST dOSMdREvRYInaPbr tted 5iheaiid. THEWERYOSIRIHEMSEIIE phaiprsteFel

intranasal agpwRiss@Rieny asmasakbsrayahazaHaRs. aahodRawres agdniectaliess elhsiasdisid
solutions or suspensions; solid forms suitable for solution in, or suspension in, liquid vehicles prior to

injection may"RSYBE BrepAraRcHRRA ARG 1178 EEHh JoBiBhSHRli Bk ANy begisebmprstal by
injectiors  1hssahsUiaReashosinsapatitpnediivpirb@yanpusiy.oflintamisseidanlyadniisnasaly, fsal
delivered to the interstitial space of a tissue. Dosage treatment may be a single dose schedule or a

multiple dos&"SBfe 8t IR a&h SRS AP ENTHBERMEHEUS thie BRSO inVRRRSIP I 100\ Brms
described insmemsledaiaibsieay iaf examenyidin ieferigore terhecfobeiving figisesod mikiediso be
Description of the Figures Figure 1. Median IFN-y ELISPOT responses after vaccination in each
vaccination §F6BFEBCG alone; MVASSA alone; BCG prime-MVAS5A boost. (a) timeline for
vaccinations_(weeks) in each group; (b) Tuberculin ified pratein derivative (PPD) responses; (C)
Purified antisgéﬁe%% B%%rﬁ() ﬁ.%té‘ﬁ?reggg&%%%"@ sﬁﬂmgﬁlg@%]léd lb%pﬁ?fé) ?é‘ébsgggesgy(e)“ﬁ%?t ‘each
of the t0ee ambigeasnishsuredpiidorspbnsesdehwedy eadnvaonios gioumaieaal ijroedpdietetere
compared usin Mann-Whilin%eﬁs/ stati tict.Stati?i'Sca% Si nifican% comparisons are indicztleéi;lg) T cell
epitope dispfgy FreP R A Bod&h BB IERGinAtS8n SVIGUSE. RAYiRGdUA® ﬁe%?isc?es $HoNsEs ere
completely ahudgpitedddy <chettal€. cell depletion; Figure 2: Screening blood cultured ELISPOT
responses to M.tb PPD; M.avium PPD and 25 recombinant antigen 85A (Ag85A); from 4 volunteers in
the MVA85AVainoes stsihctpriod tembadoimationf Ehe hprakmteercstioe nifieddy becdderTDEdXXX0re

where the firsl (G X3, SPTSSRBIT {RdNRHRLAYIARE ROFLDS st huge Xs correspond to the
volunteer number, e.g.,

15  Brief Description of the Figures

Figure 1: Median IFN-y ELISPOT responses after vaccination in each vaccination group:
BCG alone; MVASSA alone; BCG prime-MVAS85A boost. (a) timeline for vaccinations
(weeks) in each group; (b) Tuberculin purified protein derivative (PPD) responses; (c)
Purified antigen 85 (Ag85A) protein responses (d) summed pooled peptide responses; (e) For
20  each of the three antigens measured, the responses between each vaccine group at each time-
point were compared using Mann-Whitney statistic. Statistically significant comparisons are
indicated; (f) T cell epitope display after MVA boost in BCG vaccinated individuals. All

individual peptide responses were completely abrogated by CD4+ T cell depletion;

Figure 2: Screening blood cultured ELISPOT responses to M.tb PPD; M.avium PPD and
25  recombinant antigen 85A (Ag85A); from 4 volunteers in the MVASS5A alone study, prior to
vaccination; Each volunteer is identified by a code TXXXXXX, where the first three Xs
correspond to the trial number and the last three Xs correspond to the volunteer number, e.g.,

T002022 means that TOO2 is trial number and 022 is volunteer number;

Figure 3: Cultured (labelled “culture”) and ex vivo ELISPOT responses to pools of Ag85A
30  peptides (labelled with upper case letters) in five volunteers (each identified by a code
TXXXX, where XXXX is a four digit number, digit one corresponding to trial number and

digits two, three and four corresponding to volunteer number, e.g., T2003 means that T2 is



T002022 means that TO02 is trial number and 022 is volunteer number; Figure 3: Cultured (labelled
"culture™) and at vivo ELISPOT responses to pools, of Ag85A 30 peptides (labelled with upper case
letters) in five volunteers (each identified by a codé%TXXXX, where XXXX is a four digit number, digit
one corresponding to trial number and digits two, three and four corresponding to volunteer number,

e.g., T2003 mapaadirt hiAdDA? i{ria)inuabafanst OORiIsaRINIaR! MUMoer it 2 kiibe sdme pshied?2 in

Figure 2 above)) three weeks after administration of a single MVA85A immunisation. Post-vaccination

responses ArEVErpHGAURTSIERGnet thaRgre N ivatidmPuuysHis. Rasfaraeeiratingrdgsgpnses

previously vagciaaiad it &e hbehiguratplollawibiioh Tepbiesponsaade M Ward astpHse6uas the
antigen in an ex vivo ELISPOT assay in MVA-85A immunized healthy volunteers immunised once at

week 1. Volﬁ?ﬁ%‘é‘%eﬁa‘ﬁi%‘e%ﬁ%reviously vaccinated with BCG; Figure 5(a) Median Elispot responses
to PPD, recambinant antigen 85A (Ag8 and summed Antigen 85A (Ag85A) peptide pools after a
-t A G e e M v i et b RN
MVABSBS5A indecesPsyimired, Antigen85AN Agii aebled geptideuriesposasuiil BE Gnpeimed selbjects

(TOO05, i.e., trial 5; see example 1) and M.tb latently inf subjects (T007, i.e., trial 7); Figure 5(c)
Comparison ?Wmﬁ?ﬁwl&% Fett Biﬁ%ﬁﬁl%‘?fbgﬁ@% g85A) responses 15 in BCG primed

sublects (T009) a0 fatenthnetedt subiects (TORT) Pl oo berdaieneg! e NSSA
induced immune res 3nses of ar1eRs yé)ar After vaccinaton in a subjec]lggroup With'a on& more

than 10 yearsjinmbedya heteve 85 pine8 (BT GEpade podst {fiby A8SAZIeFiguoimb(io)1 RetisiMANS8SA tine
' least 1 year after 20 vaccination in a subject group with a

MVAS85A induced une respanses for.
short ( month Jfﬁégg\%?%&wzg%eériwrﬁél (g l@) and boost (MVA85A); Figure 7(a) Lack of correlation

pevveen S3GL IS #0 EAI HYOS3A it oy il IUABRAL el s

to antigen 85A ) Su peptide pools; Figure corre enin
between BCGsanust4\inSBAG gutinediontind 25T Wwaeaks (st M Va8sramplell espdndbdhtdagatihen

85A (A985A2n%8&14@§9b3§&99?0699i%., lfljgyee)‘ﬁa shows mean levels of IFN-y post vaccination; Figure
S

8b shows mean level IFN-
Figure 5(c) Comparison of MVAS85A induced recombinant Antigen 85A (Ag85A) responses

15 in BCG primed subjects (T005) and M.tb latently infected subjects (T007);

Figure 6a: Persistence of the MVAS8SA induced immune responses for at least 1 year after
vaccination in a subject group with a long (more than 10 years) interval between prime (BCG)

and boost (MVAB5A);

Figure 6(b): Persistence of the MVASSA induced immune responses for at least 1 year after
20  vaccination in a subject group with a short (1 month) interval between prime (BCG) and boost

(MVARB5A);

Figure 7(a) Lack of correlation between interval between BCG and MVAS8S5A vaccination and

1 week post MVASSA T cell responses to antigen 85A (Ag85A) summed peptide pools;

Figure 7(b) Lack of correlation between interval between BCG and MVAS8S5A vaccination and

25 24 weeks post MVASSA T cell responses to antigen 85A (Ag85A) summed peptide pools;

Figure 8a shows mean levels of IFN-y post vaccination; Figure 8b shows mean levels of IFN-

Y post challenge;

Figure 9(a) shows ex-vivo IFN-y Elispot responses to MVAS5A in BCG naive UK

volunteers; and



y post challenge; Figure 9(a) shows ex-vivo IFN-y Elispot responses to MVA85A in BCG naive UK
volunteers; and 20 Figure 9(b) shows ex-vivo IFN-y Elispot responses to MVA85A in BCG naive
Gambian volunteers. Examples 5 Example 1 The MVA85A vaccine The construction of MVA85A has
previously been described (McShane, H. et al. (2002) Infect. Immun. 70, 1623-1626). Clinical grade

MVAB5A was;praduesfl IRosroek WiRaufRsiLripg Prachicpstandasdvry ABpistaifwertenaresaunisimau. A

Doctors and Dentists 10 Exemption Certificate was issued from the Medicines and Healthcare
products Re?jﬂll‘é‘ﬂé‘??sAgency, London, for the use of MVAB85A in clinical trials. Clinical trials Volunteers
were recruited for immunisation studies under protocols approved by the Oxfordshire Research Ethics
Committee and enrolled only after obtaining written informed 15 consent. The age range for inclusion
was 18-55 aﬁd all Yolunteers tested seronegative for HIV, HBV and HCV at screening. Routine
laboratory haél%r%%%gy and biochemistry were performed prior to vaccination and all values were
within ngrma¢ Iig?rilt%ﬁll volunteers were followed-up for 6 months, with blood samples taken at regular
time points. o received MVAB5A immunizations completed a diary card recording local and
systemic sid%thg§I§Aa{;§lc ! %y temperature for 7 days following vaccination. Vaccinations The
first two studies were conducted in BCG naive healthy volunteers as determined using the Heaf test.

The Heal tesgjipvglyes RIAGINGAUAGTRYKA PMIUTIBE PRAISN B&NV VG HRB MBS HR SN ang thepdssing a

gun to produce multiple punctures. A positive reaction is more than 25 4 papules at the puncture sites

at 72 hours. IafpeisitilamKin tedt is ifdicddélof &dtiveakuBErdeoMy tedrio ot pPerfgcedB G good
vaccination. M%HH%%‘%’:B?&&@&QH&@@ e Pringaliest @9&@%\@?&%%@%@5}@%@&%&; 0

mm) were vaccinated with either BCG (a smgga Immunisation with BCG Glaxo strain, 100 p

adminitered naraRtenntzarificae) Vppispohsom (e Medringsmndstadthateedysiy Regulatory
immunisations Gve NI WREKS AR 5f MVASSA in clinical trials.

Clinical trials

Volunteers were recruited for immunisation studies under protocols approved by the
Oxfordshire Research Ethics Committee and enrolled only after obtaining written informed
15  consent. The age range for inclusion was 18-55 and all volunteers tested seronegative for
HIV, HBV and HCV at screening. Routine laboratory haematology and biochemistry were
performed prior to vaccination and all values were within normal limits. All volunteers were
followed-up for 6 months, with blood samples taken at regular time points. Those who
received MVASSA immunizations completed a diary card recording local and systemic side

20 effects and body temperature for 7 days following vaccination.
Vaccinations

The first two studies were conducted in BCG naive healthy volunteers as determined using
the Heaf test. The Heaf test involves placing tuberculin purified protein derivative (PPD) on
the skin and then using a gun to produce multiple punctures. A positive reaction is more than
25 4 papules at the puncture sites at 72 hours. A positive skin test is indicative of active
tuberculosis infection or previous BCG vaccination. Volunteers with a negative (Grade 0)
Heaf test (equivalent to a tuberculin skin test of 0 mm) were vaccinated with either BCG (a
single immunisation with BCG Glaxo strain, 100 pl administered intra-dermally, n = 11) or
MVAS5A (5 x 107 pfu administered intradermally, 2 immunisations given 3 weeks apart, n =
30 14). In the third study, volunteers who had previously been vaccinated with BCG were

recruited (n = 17). The median time between BCG vaccination and immunisation with



30 14). In the third study, volunteers who had previously been vaccinated with BCG were recruited (n
= 17). The median time between BCG vaccinationng{wd immunisation with 21 MVA85A was 18 years
(range 0.5-38 years). Volunteers with a Heal test greater than grade Il (equivalent to a tuberculin
skin test of <15 mm) in strength were enrolled in the study and immunized with a single dose of 5 x

107 pfu MVASSA g3tsadesmallydate the skin. soseridns the slakiric-onthe contiplaierabasnieBhm
vaccination. In total, 31 healthy 5 volunteers were vaccinated with MVA85A. 11 of the 14 BCG native

volunteers réE&iGdl CAHRGRILETHOCEVER SKilde’Lhsdn MRe bthsnaiy e caroligdinifgistudy
immunisatiognd\ll afnthe.dd R Pumed wlintsgess xecgiveeh asnaks NVASRRARMyNisatiar Atin

volunteers corgqﬁ)l,eted the 6-month follow-up period and there were no serious or severe adverse

events in arRY B YisdG L% @ inihfuseREARE AR IR BRI YRsHBAN A Slo el Mbakiithysed

to determine,yagainesimednREensity Wag thevexgsxo I1ENRLISASTIGassay. Jdlimweas Restorsaed on
blood taken at the following time points: at screening priar to_the tuberculin skin test, and then at 1, 4,

12 and 24 wEBRSBRY L @NSHoh Y 1 P e dLISETHIRR e ECEENRIPGTR SR RSN BEIIRSS (8in)

tuberculin P2 (20 B(al- ehkdlSqurilies avtgesdda (Aa8sAvaBpIeX i uwedaudnant 7 eekscefo-10
15-mer peptides,  overlapping by 10 amino-acids (10 pg/ml final concentration of each peptide in
ELISPOT wRiMHsiefg Ufbﬁlg‘ﬁglﬂ\ﬁ&uﬁé?%%ﬂ 9 BE151 Y365 PR EVIPHIY $BYE Ftas CAIP LEHS D
were plated ghirestlyhesiattiigeE.LISPOT plate (MAIP 54510, Millipore) in the presence of antigen, and
incubated for 18 hours. Streptokinase (250 U/ml)/Streptodornase (12.5 U/ml) and 20
phytoht@mapghiimioeehiciy/ mbasieres used in all assays as positive controls. Assays were performed
in duplicate and the results were averaged. Epitope mapping Responses to individual peptides were
either testedTibe onitherfirsinottibdegeentsasepl o aktermraccvaation . iiviegneticniia advadepliationsiidynal)
were perfor on.individual peptide. 25 respgnses.. CD4+ and CD8+ T. cell depletions were .
performed by %r%eizg f?liuab%%%nﬁlv%} Xiire OEE %Wé‘f%r?ﬁb@ %ﬁs tt%%E]D% ghed% ele Jtﬁrélgtgal%sfeartrous
beads at a ratie@fibdhgdsistoltheellbesoudivbidnQddDyal thslar Notweyid 20vptRIartenvieeciAntiandy

o e e A B G S e TR BB R B
15  purified antigen 85 (Ag85A) complex (10 pg/ml), and 7 pools of 9-10 15-mer peptides,
overlapping by 10 amino-acids (10 pg/ml final concentration of each peptide in ELISPOT
well.) Briefly, 300,000 PBMCs per well in 100 pl R10 (RPMI plus 10% foetal calf serum)
were plated directly onto the ELISPOT plate (MAIP S4510, Millipore) in the presence of
antigen, and incubated for 18 hours. Streptokinase (250 U/ml)/Streptodornase (12.5 U/ml) and
20  phytohaemagglutinin (10 pg/ml) were used in all assays as positive controls. Assays were

performed in duplicate and the results were averaged.
Epitope mapping

Responses to individual peptides were either tested for on the first or subsequent sample after
vaccination. Magnetic bead depletions (Dynal) were performed on individual peptide
25  responses. CD4+ and CD8+ T cell depletions were performed by 30 minute incubation with
monoclonal antibodies to CD4 and CDS8 conjugated to ferrous beads at a ratio of 5 beads: 1
cell using M-450 (Dynal, Oslo, Norway) in 200 ul R10 on ice. Antibody coated cells were
removed using a magnet (Dynal). Samples were analysed according to undepleted, CD4+
depleted and CD8+ T cell depleted groups. Cell depletions were confirmed by FACS
30  scanning and were always >90% for CD8+ T cells and > 97% for CD4+ T cells (data not

shown).



30 scanning and were always >90% for CD8+ T cells and > 97% for CD4+ T cells (data not shown).
22 Analysis of immunogenicity The ELISPOT datg were analysed by subtracting the mean number of
spots in the medium and cells alone control wells ffom the mean counts of spots in wells with antigens
or peptide pools, and cells. Counts less than 5 spots/well were disregarded. A well was considered 5
positive if the count was at least twice that in the negative control wells and at least 5 spots more than
the negative’tBHYSSALARRRENEHYide pool wells, the results were summed across all the peptide

Is f t each ti t. F le, th 7 peptide.pools, each
Containing o115 QePACLT S HE0 1 ALGE EAChEETHe Ch B BoE S phea AR oA B s
calculated, and el meaaun: afoiiteoh egdiiviecconikohwell odftsubifacted, eiddiveithamdgelisfor featideol.

The results fo(g tpe 7 I(?dl\/lle]%lil-%l:(g)OOB are then 5added to?qiether. This will ﬁ?eﬂt'%‘v'é\f count twice a T, cell

that respon& f)osana)f1 of th e é?/sesrlfa\ I?egi%%%t%‘% oc ﬁrreirﬁ%e [%8 S with ac}ja“é%sntcﬁlésﬁ |8ree§1.

Statistical analyisiscAifialysiowitvanancéeiot repeatied mahsurermentscosing the lbaselinel cesiudt giots

screening as a 15 covariate was performed qn lag transformed data to, compare between groups, A
N Wit B A T T i Qo BB b B e T b (LB or

the paired canmpsyisibnhef [sgredn g Bndi2davheed] sateyp|es dactha B Csiptimiés VX ABD L bebste giiote.

Cultured ELISPOT method 20 For cultured E OT,.1,x 106 cryopreserved. PBM ere stimulated
ith 20 o/l BF K1 AEP BB PP R OB B R PT oL e S TR ek
(Ag85A) in af2hiwelhiplatec AfteeacB-dayl incublatitnederiad diet8im Dot Acatriospheateob@dUl of the
cell culgyre supernatant was removed replaced with 5 N/m| Lymphocult-T. (Bjotest, Dreiei
el R TR e A S O i Pl TS R R Bt B
to rest overmghtdnteg@ther 5%hdlamespiadsecouR1vi@nadRycDitee ltsspends wasinediahd 10-mer
resuspended in 2m1 of RI qo I of.CLgItured (fells {12. X 104 of Eh initially plated cells) were

a Ccu th a C%

transferred tgvgtrjf)lﬁcrg SWells oPan SPaT %Fa?él an Jgﬁﬁlllltjr%efgcll or 18 hours with PPD-T 20 pg/ml,

ggs?;rﬁég p%’i@h&‘i‘&fﬁ?ﬁ&ﬂs‘) pg/ml. The ELISPOT plate was then developed as previously

Analysis of variance for repeated measurements using the baseline result at screening as a
15  covariate was performed on log transformed data to compare between groups. A Mann-
Whitney test was then used for all comparisons between groups and a Wilcoxon test used for

the paired comparison of screening and 24 week samples in the BCG prime-MVAS85A boost
group.
Cultured ELISPOT method

20  For cultured ELISPOT, 1 x 10° cryopreserved PBMC were stimulated with 20 pg/ml of M.tb
PPD (“PPD-T”), M.avium PPD (“PPD-A") or 10 ug/ml recombinant antigen 85A (Ag85A) in
a 24-well plate. After a 3-day incubation period at +37 °C 5% CO2 atmosphere 500 ul of the
cell culture supernatant was removed and replaced with 5 IU/ml Lymphocult-T (Biotest,
Dreieich, Germany) in R10. This was repeated on day 7. On day 9 the cells were washed three
25  times and left to rest overnight in +37 °C 5% CO, atmosphere in R10. On day 10, cells were
washed and resuspended in 2ml of R10, 50 pl of cultured cells (2.5 x 10* of the initially plated
cells) were transferred to duplicate wells of an ELISPOT plate and stimulated for 18 hours
with PPD-T 20 pg/ml, PPD-A 20 pg/ml and Ag85A 10 pg/ml. The ELISPOT plate was then

developed as previously described.



23 Results Immunisation with MVA85A was safe and well tolerated (Table 1). The kinetics and
magnitude of the antigen specific T cell response agguced by vaccination with BCG alone, MVA85A
alone and BCG prime-MVAB85A boost were compdred. All three vaccination 5 regimes induce
significant immune responses using either PPD-T, antigen 85 (Ag85A) protein or overlapping peptides
from antigenBIM{AI85A) as antigen in the assays (Table 2, Figure 1). There was a significant main
effect of vaccine in the PPD-T (F = 3.624; P = 0.037), antigen 85 (Ag85A) (F = 16.605; P < 0.001) and

summed poatgsh@afitigeshSSAKAYBEAS 5 pemide gfeupn(E wa3P.A8&aR& 0TA0k). ImmMusisdtiencwith@CG
induced moderate levels of 10 a,ntlgen specific IFIJ:)I y secret T ceh , Which peaked 4 weeks after
immunizatiotEABIE'S OF BRI AN RS ﬁﬁ%@ﬁ%n@é‘f? rﬂﬁB%‘S%l SfeN %é%%l&&%%%ﬂil 2PBfe

strikingly werkv fodiemvinth BRC tnyaBClGatioimd=lgwrasdn Bobss @éﬁb&dﬂ;yﬂkmteaIStms@armdeﬁlia@ﬂy of

the 7 peptide pools in the ex-vivg ELISPOT as These eptlde po onses we
atributile G DB SERGHT BTG VISR B ISIER, SiCu ey COIE £ai(Ag85A)

depletion. Tabpdgedsi &obeaﬂ@b@mgepeptmarﬁemftﬁrtig&mlmam@gmﬂwlélﬁgéﬁﬂhmeweye (rIlee 2,
B0 primect FETpL 26 KEh S16e QIRH RIS E SIS th 19 BaA KEBhek T2 prifti S0 bhin 30
Induration 3hrbigstesicaA8derh & Elul-dilf@ilPA{tlﬂ)ra@a 4 sleagdrdhpobledViyalgen 185 ANangesd)
Vaso-vagal Sf)%ptl groégraylo%%@ Eorg of V88?) Immunisation with BCG induced moderate levels of
10  antigen-specific IFN-y secreting T cells, which peaked 4 weeks after immunization (Table 2,
Figure 1b-d). Responses to the pooled antigen 85A (Ag85A) peptides were strikingly weak
following BCG vaccination (Figure 1d). Only 4 of the 11 volunteers responded to any of the 7
peptide pools in the ex-vivo ELISPOT assay. These peptide pool responses were all
attributable to peptides 12, 13, 27 and 28, and were completely abrogated by CD4+ T cell
15 depletion.

Table 1: Solicited adverse events after immunisation with MVAS85A
There were no differences in either the frequency or severity of adverse events
reported between the BCG naive and BCG primed groups

20
Adverse event No. of subjects (n =31)
Local Redness 31
Pruritus 31
Pain 30
Induration 31
Systemic® Fever’ 5
Flu-like 11
Arthralgia 10
Headache 11
Myalgia 12
Nausea 3
Vaso-vagal syncope 1 (previous history of vaso-
vagal attacks)
Alterations in hematology/biochemistry | O

“All systemic symptoms resolved within 7 d
® Range 37.7-38.1°C; all resolved spontaneously within 24 h

In BCG naive volunteers, a single immunisation with MVAS85A induced high levels of
25 antigen-specific IFN-y secreting T cells which peaked 7 days after vaccination in 13/14

volunteers (Table 2, Figure 1b-c). By 4 weeks this response had fallen to a level just above



vagal attacks) Alterations in hematology/biochemistry 0 aAll systemic symptoms resolved within 7 d e
Range 37.7-38.1C; all resolved spontaneously Witt&in 24 h In BCG naive volunteers, a single
immunisation with MVA85A induced high levels of 55 antigen-specific IFN-y secreting T cells which
peaked 7 days after vaccination in 13/14 volunteers (Table 2, Figure Ib-c). By 4 weeks this response

had fallen toadelyed Joas BBV 24rR_BBIMEAe N hinpstng:pifieat Withesecens asrinatiaadvitiveek
MVAS85A, administered at week 3, was seen. One volunteer did not develop insert-specific T cells

following immrulRSAERS- witRWVIPRBESET Kbty ROk ABRI R iEsEs R fife e RS S pilamdne donpugfsBHERs to

the MVA vegleh NBBRRS AauiigeRer BYIQUR MNP @fdéacripianmdnsatinndgiasBotsHRWRIVA
Responses to MVA-lac-Z in volunteers vaccinated with MVA85A was further investigated by

performing €50 EEIBIBONY I OLRIGYIRIY AUstery hyeerinadsH) RBingittofiAle 49t diboNesed

above s "IMRYIPOFIRBIEINIVAARIIESH HalthyvalirirRisAasNAtel sFithwM\VdhA BreeRstsated
strong anti-MVA T cell responses which last for up,to 24 weeks after vaccination. 10 In contrast to

BCG vaccin&G88 PR fstorwWithIRRAB A 1 e YORG TasHorBEESD SevaramsEnielossdis # all

of the 13/14 apspendingbsrtinigersihhakiesénigyredehsuRespansemyeilsarRtn adugasdangemf
peptides across the whole length of antigen 85A }%Ag85A . These individual peptide responses were

all completefy ¥bHyateaByPEFHA FEMS dapIERON LAt NOFSROWISY. 18I 1871 7¥ctintaer’ tefhe

BCG prime-WA8BARGQSH group, a significant rise in antigen specific T cells were seen 1 week after
vaccination (Table 2, Figure 1). The peak response 1 week after immunization was significantly higher
in the BCG [grneeniisA 86 B stagrinpidhandecaithientve (B QGEVox X ABIAcatb se @i upsHdfigune

o) Those SpYSSaES Sy o Ao e s fen g eonafn v
were higher Ru:s;imse:slumﬁessqmewiauﬂyavlaﬂnigateﬁwﬁhcﬁﬁlﬁ,r_mamﬁm W@BQ&@NN@@@&@ 8SAvould
e B ea e R AR
(Wilcoxon z def3efid@,(Bata Q3GBhwANLigen 85 (Ag85A) (Wilcoxon z = -3.516, P <
15  In 16/17 volunteers in the BCG prime-MVA85A boost group, a significant rise in antigen
specific T cells were seen 1 week after vaccination (Table 2, Figure 1). The peak response 1
week after immunization was significantly higher in the BCG prime-MVAS85A boost group
than in either the BCG or MVAS8SA alone groups, (Figure 1b—e). These responses were
sustained at a significantly higher level than after vaccination with either BCG or MVAS5A
20  alone, for at least 24 weeks (Figure le). The baseline responses at screening were higher in
the volunteers previously vaccinated with BCG, than in the BCG naive group, as would be
expected. Nonetheless, the responses 24 weeks after vaccination with MVAS8S5SA in the BCG
prime-MVA85A boost group were significantly higher than baseline counts in this group for
PPD (Wilcoxon z = -3.010, P = 0.003), Antigen 85 (Ag85A) (Wilcoxon z = -3.516, P <
25 0.001) and the summed pooled peptides (Wilcoxon z = -3.408, P = 0.001).

The breadth of peptide responses seen in the MVASSA alone (not shown) and BCG prime-
MVAS8S5A boost groups (Figure 1f) were very similar. However, the magnitude of responses
was significantly higher in the BCG prime-MVA85A boost group (Figure 1e). PBMC from
12 volunteers in the BCG prime-MVAS85A boost group were assayed with all 66 peptides

30 from antigen 85A (Ag85A). Several of these peptides were recognized by more than 50% of
subjects (Figure 1f), illustrating the promiscuous recognition of these peptides by different
HLA Class II molecules, as previously reported (Launois, P. et al.(1994) Infect. Immun. 62,
3679-3687.



25 0.001) and the summed pooled peptides (Wilcoxon z = -3.408, P = 0. 001) The breadth of
peptide responses seen in the MVA85A alone (not shown) and BCG prlmg MVAB85A boost
groups (Figure If) were very similar. However, the magnitude of responses was significantly
higher in the BCG prime-MVAS85A boost group (Figure le). PBMC from 12 volunteers in the
BCG prime-MVAS85A boost group were assayed with all r?ﬁ%f@ lotldes 30 from antigen 85A

(Ag85A). kahler 2 Arjtbmetic, fpean, &AF)-pgnmedian hEhISRR TrregBReReE1QuRPD, antigen 85 (Ag85A) and summed pooled
If), |Ilustr£ﬁ@'ﬂ%5pmﬁm3@§?éeaﬁﬂﬂ&f %\"91@&8%%'5t1ﬁ@§ RPHMerent HLA Class Il

molecules, as previously reported (Launois, P. et al.(1994) Infect. Imnmun. 62, 3679-3687. 25

Tablg 2. Arithmetic mean (SE) and median (IQR) ELISPOT responses to PPD, antigen 85

(Ag85A) and summe@1 o@tlgd peptides in each vaccination group at each time point. 5 Time Summed

after vaccination Summeé (]Weeks) PPD Antlgen @ pooled peptides Vaccinaagéthimetic pooled peptides

arithmetic arithmetic group Nurfi#§éftmean (SE mé’d?ﬂ;‘% 5-75%) 1 ?995 E) 3ieq 1 (25:72% _750/) z:g::‘(‘;‘;zc) edian (25_75%)

mean (SE) median (85-75%) §ECG 11 15 (8),0 (0-2 % )0 (0”15 Zg 20(0- g MVAS5 5 (0.0

14 18 (7) 0 (0-22) 4(4) 0 (0-0) 3,(RR (0-0) BGH MVASSA 7 129 (33) gsgzgzs 218) )4(6) ( 50 0 0-
18(0-37) 26(11) 0(0-50) 1 BC®a 173 (52) 132 (42- 2492 79 (22) 82 (23 122) 38 31%

(20-52) MVABSS5A 14,460 (93) A‘I‘.@’ﬁgéﬁs -553) 419 (98)%%%3(140 54%% 5365 (378) %
(531-1432) BCG MVAS5A 17 819 g148) 783 (403- 165? 5 (150% ; 8-1653 F4248 ; 82&2 ;if)
(592) 2455 (1315-5187) 4 BCEhl 233 (50) 182 (104314 64(12) 67(37°94) 31 (7)35(13-40)

-0) )

0) 0)

8 (0-37) )
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MVASS5A 14 107 (21) 81 (53-18Ma37 (42) 65'733-138) 908 (95)7856086005833) BTEMVAZBAIGE-1653) o 58 auss (10155187
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26 (1) 0 (0-50
38 (9) 28 (20-52

1365 (378) 1153 (5631-1432

17 362 (86) 343 (165-421) 34188%) 322 (180-405) 1123 P66) 953380621219) £2ECG 11 767 (37-94 31(7) 35 (1340
(25) 47(27-85) 21 (8) 15(0-33) %8 0(0-17) ¥VAB5X14'70 (25) #1¢27%92) 59' (265 65 (33-138 306 (95) 156 (60-533
27(18-52) 167(58) 68(21-205) mvasgsa 17 362 (86) 343 (165-421) 341 (67) 322 (180-405 1123 (266) 953 (609-1219
12 BCG 11 76 (25) 47 (27-85) 21 (8) 15 (0-33 5(9) 0(0-17
MVAB85A 14 70 (25) 41 (22-92) 59 (26) 27 (18-52 167 (58) 68 (21-205

BCG-
MVABS5A 17 299 (83) 223 (68-387) 227( 2) 92 (42-287) 739 (199) 390 (212-910)
24 BCG 11 58 ((17) 53 (10-95) 2 (6) 0 (0-22) 23 (7) 20 (0-35)
MVAB85A 14 62 (19) 38 (26-63) 32 (13) 18 (0—45) 113 (27) 105 (32-152)

BCG-
MVABS5A 16 328 (89) 249 (150-385) 240 (77) 119 (82-293) 669 (177) 385 (223-1043)



BCG MVABS5A 17 299 (83) 223(68-387) 227 (72) 92(42-287) 739 (199) 390 (212-910) 24 BCG 11 58
((17) 53(10-95) 12 (6) 0(0-22) 23 (7) 20 (0-35) MVA85A 14 62 (19) 38(26-63) 32 (13) 18 (0-45) 113
(27) 105 (32-152) BCG MVAB5A 16 328 (89) 249(150-385) 240 (77) 119 (82-293) 669 (177) 385
(223-1043) 26 The magnitude of T cell responses seen in the MVA85A alone group are stronger by a
factor of about 10 than those seen with other recombinant MVAs used to date (McConkey, S.J. et al.,
"Enhanced TFbeliagmuniegdricitsl ofesiassris ©&nAn decMdsANEods tddnb\ereapranbisaob gardgifiethataccinia
virus Ankara in_hu * Nat. Med., 9, 729-735 (2003)); M .etal,5"Ah
immunodeficﬁgﬁt@ﬁ\;ﬁlﬁﬂfa{ﬁ%ﬁﬁ 8%1dgli§v%%glrnrgclrol C |}1I|183V\f rlg\é Ssﬂ?ﬁgIa({io%t%?ﬁaﬁagf)sr}pl){gzifi%’lr-%telI
responses byl DNBnhmdtedcdmbihantmuockfied vacdiméavinus BiNaraaddiés)beastiddsyimdvombinstht].
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screening PBMC from 4 of the volunteers in the MVAS5A alone were cultured with M.tb
PPD, 20 M.dejsmfee Dvaguinassomiitianiidinigieh §5ab[agasAnalexplalantaefordbpoddaitothdssvium

PPD, 2/4 b d 204 ) i t 5 igure 2).
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performed on the 3 week post
15  central memory type T cells, rather than the activated effector T cells that are measured by ex-

vivo ELISPOT (Reece,W .H. et al. (2004) Nat. Med. 10, 406410, Godkin, A.J. et al. (2002)
J. Immunol. 169, 2210-2214).

A cultured IFN-y ELISPOT assay was performed on the pre-vaccination screening PBMC
from 4 of the volunteers in the MVASS5A alone group. Cells were cultured with M.tb PPD,

20 M.avium PPD and recombinant antigen 85A (Ag85A). All 4 volunteers responded to
M.avium PPD, 2/4 responded to M.tb PPD and 2/4 responded to recombinant antigen 85A
(Ag85A) (Figure 2). None of these volunteers had any baseline responses to either M.tb PPD
or purified antigen 85 (Ag85A) on the screening ex-vivo ELISPOT.

To further investigate the induction of a memory T cell response following vaccination with
25 MVASSA, an ex vivo and a cultured ELISPOT assay was performed on the 3 week post
vaccination PBMC. Cells were cultured with M.tb PPD, M.avium PPD and recombinant
antigen 85A (Ag85A). At 3 weeks the ex-vivo response is very low or undetectable, however
in all 5 volunteers tested there were strong responses on the cultured ELISPOT indicating the
induction by vaccination of central memory T cells specific for antigen 85A (Ag85A) (Figure

30 3).



vaccination PBMC. Cells were cultured with M.tb PPD, M.avium PPD and recombinant antigen 85A
(Ag85A). At 3 weeks the ex-vivo response is very ?}é/ or undetectable, however in all 5 volunteers
tested there were strong responses on the cultured ELISPOT indicating the induction by vaccination
of central memory T cells specific for antigen 85A (Ag85A) (Figure 30 3). 27 Example 2 Safety and
immunogenicity data in subjects who are latently infected with M.tb 9 healthy adults who were latently
infected withBylyopleaZterium tuberculosis (M.tb) were vaccinated with MVA85A. Serum inflammatory
markers were measured at regular intervals 5 after vaccination in each subject over a period of twelve
months. A higafetsahdioniomeganiotyrdalanigsulbegievidorray latently mflopted yetbrdAsiccination and
10 weeks after vaccination. These tests were performed in order to detect any subclinical signs of

pulmonary ifReslithatiettitchelesufes optertlt vilesEdsyshrdbiledadmitie Obstsntpinfdddn were
volunteers gy, SRR iHAMIEAR AL S IRE SRR ALV A BRAR IR QARSI AR IIAERERY I

the previous trials described in Example 1. No increase’in either local or systemic side effects was

detecte® andftsitrsicinasiensitysachf ayyesufvienaBeTfhairhbelys HeebedA ighisralstpmarkersnid
not change &ftel YRrEINBHOPAUHRAT Was ReYHRaHE R mat AR dateraiaRKIG hiaGamARhtion.

vaccination. As a comparison, 17 healthy adults who had previously received a BCG injection 0.5 to
37 15 years &BrSverstbodsted PR VR e Acvadeirfiaier. THE raftinigd ddsesibed PrERemple 1.

The immune; {BSRRASESHPORl Y ASEIRAUPSEL D IRRIGE I ITESHAC QUREHIR ibfeclQPYol e 2

similar magnitude to that seen in the BCG primed group (trial 5, "T005"). The results are shown in
Figures 5b a8 $OWhi8 HigarsXignificant because it is important that any new TB vaccine is safe in
latently 20 infected su%ects iven the prevalence of latent infection throughout the developing world.

In addifon, THE SAESLAAY Hinduib GuRigRrBUS pETELIRRL bRk AtRh BT PiEed il sdsebed

exposure vageingaapministeemirlatent!yitnteatrdinaopisewilh iR aiife@f aradicatineshsd natast
infection. Duration of immune response 25 Ex-vivo ELISPOT responses in BCG primed volunteers

after MVASSEHo S Pl ygruimenasy inflagpmgtion, delsrstodnilmmatery Breker HbRe)AARSDNg

(more than L@yedssdination and there was no lung inflammation detectable by CT scan post vaccination.

As a comparison, 17 healthy adults who had previously received a BCG injection 0.5 to 37
15  years ago were boosted with the MVASS5A vaccination. The results are described in Example
1. The immune responses post vaccination seen in the latently infected group (trial 7,
“T007”) are of a similar magnitude to that seen in the BCG primed group (trial 5, “T005).

The results are shown in Figures 5b and 5Sc.

This data is significant because it is important that any new TB vaccine is safe in latently
20 infected subjects, given the prevalence of latent infection throughout the developing world. In
addition, the encouraging immunogenicity supports the application of this vaccine as a post
exposure vaccine, administered to latently infected people, with the aim of eradicating such

latent infection.
Duration of immune response

25  Ex-vivo ELISPOT responses in BCG primed volunteers after MVASS5SA boosting last for at
least 1 year after vaccination, with both a short (1 month) and long (more than 10 years)

interval between prime (BCG) and boost (MVAS85A).

Long term follow up data on 12 volunteers vaccinated with MVA85A more than 10 years
after BCG, and 10 volunteers vaccinated with MVAS5A 1 month after BCG is shown in
30 Figure 6. The data from both sets of volunteers show persistence of immune responses at 1

year after vaccination is at the same magnitude as seen at 6 months after vaccination.



interval between prime (BCG) and boost (MVA85A). Long term follow up data on 12 volunteers
vaccinated with MVA85A more than 10 years aft?j% CG, and 10 volunteers vaccinated with MVA85A
1 month after BCG is shown in 30 Figure 6. The data from both sets of volunteers show persistence of
immune responses at 1 year after vaccination is at the same magnitude as seen at 6 months after
vaccination. 28 The persistence of vaccine induced immune responses demonstrates the induction of
a memory rdpopssis@neevollldancinex petictal seenparsistapbusscidenndsicadsrabpomsestioyeaf after

vaccination with a non-re Iicara}% vaCﬁiﬁle,oynless a memore\%%%ﬁl?nse had.bglclen induced. Cgrrelc%tion
n e

. MEMOry response WOU expect to _see vaccine induced, teSponses €a
between prlmefBogsfererval and level of Immune response ata presen(fed in Blgure y

indicates thatftheviaoastingroivBIC Gnimduged- atmngure desponises a seen@fteedpA85Adwestinduced.
vaccination does not depend on the interval between BCG priming and MVAS85A boosting. Equal
boosting wa§ sexglatinn hetheen primethpestdrtdoral amddey chahinonung spspaseng interval. There is
no correlation between the interval between prime (BCG) and boost (MVA85A) 10 vaccination and

either peak (Ihwédald piepiatedin(bigwnthy)dirvasdatiHubees ingRinB Cle Spdiesss IR Py PTHGS
boosting mygobagigriah iARKIYHRIEER SRR AR CiFe¥asGinain d &g iRNfRBGKINIRGESEMSaRINg

world), or at a later time point (e.g. in adolescence), is equally feasible. Both boosting in infancy and

boosting in &TBIEEEEHEM Y SodsinesbipgonEqyn pariels w58 Wshobtbatal inarabibardrereng

booster TB \agGingHNOYRQESBIGHIH;ARGLRIRIgCtive efficacy of BCG prime - MVA8SA boost in rhesus
macaques In an immunogenicity and challenge experiment, rhesus macaques (6/group) were

vaccinated with-eithel)BleSaalanecid & ehandithen brested PuveekB LD WMthdYHASR Q831

saline 20 (control group). All animals were challenged intra-tracheally 18 weeks after the BCG
vaccinalon (GicsiO A KInsifsT BFthe EoMBTgREURIFSAY (enrABNeNIIO §o Wik ehetBr@Hsing

euthanized. TREIMEBYPRERAIT)LY results are shown in Figure 8. Figure 8a shows mean levels of IFN-y
post vaccination (as measured by a 3 day lymphocyte stimulation test) in all three groups within this

challenge expearimeobtiiditsidevaleahl mivinimiRcrespeoss WEHTG theddatoand 8GGinfancy in

rime-MVAS85A gro eemc arable, the responses to Ag85A are clearly higher in the BCG
grim e-MV AB@R g&i@ép&gozﬁﬁﬂi@rﬂg? ater tgmepp(?mt %e.g. ilgi] agéescence), ig/ qual y eashlgle. Both
boosting in infancy and boosting in adolescence are possible options for efficacy trials and

15  potential indications for a booster TB vaccine.

Immunogenicity and protective efficacy of BCG prime — MVAS85A boost in rhesus

macaques

In an immunogenicity and challenge experiment, rhesus macaques (6/group) were vaccinated
with either i) BCG alone, ii) BCG and then boosted 9 weeks later with MV A8S5A, or iii) saline
20  (control group). All animals were challenged intra-tracheally 18 weeks after the BCG
vaccination (or saline vaccination for the control group) and then followed for 16 weeks

before being euthanized. The immunogenicity results are shown in Figure 8.

Figure 8a shows mean levels of IFN-y post vaccination (as measured by a 3 day lymphocyte
stimulation test) in all three groups within this challenge experiment. Whilst levels of IFNY in
25 response to PPD in the BCG and BCG prime-MVAS85A group seem comparable, the
responses to Ag85A are clearly higher in the BCG prime-MVAS85A boost group. Thus, there
is a significant rise in Ag85A-specific IFN-y secretion after MVA8S5A vaccination (group ii)

that is not seen in the BCG alone group (group i) (Fig 8a).

Figure 8b shows mean levels of IFN-y post challenge (as measured by a 3 day lymphocyte

30 stimulation test) in all three groups within this challenge experiment. After challenge with



is a significant rise in Ag85A-specific IFN-y secretion after MVA85A vaccination (group ii) that is not
seen in the BCG alone group (group i) (Fig 8a). Figure 8b shows mean levels of IFN-y post challenge
(as measured by a 3 day lymphocyte 30 stimulatidry test) in all three groups within this challenge
experiment. After challenge with 29 M.tb, the BCG-MVAS85A group (group ii) had significantly higher

Ag85A- BCG I I E /CFP
(oary Secretb g B G Y DS BTG ST AR P 0a Nhts Lo e Tmune
responses (thhamégnBude sédategtoubaGiarial badAlaoetMEsmTtﬁe:Bm@ ae@mheeBQﬁrﬁfMMA&%

groups, compared with the saline group. The PPD respon mpargble, between.these two
groups. The %ﬁlé(/‘.é&flgib]?éostﬁifg RLII'C Fl ra C(I 1{0) el 1C ER‘C %1 J\})% rkf,%lmm

dare Importan west pa elfvas ese antlgens specﬁ*c and
levels of immmnperrmp@hselsutgﬂhm afiigens tanelidk lmtdh) bactésiattoad tlice BO@ IalghetretHBzCG-

bacterigl loa I 28 gro n#g the h er the mmune..response and CFP10). The tive
efflcac;é of th%@agccme ‘%01? r.%he 1%5%%;1 ve ?/1 3%v§r u\l;er%l?cthe SATBICFPL erecsopn(% %rg I the
BCG and thé&8@€snMMA8H%o groups., ChimEsad o/fiPie salines greumpAttathhwemhmae\Waas these

considerably Iessgathol seeecrltf{n the1 L?eVC]S A85A rOtéE than i in tke Bcgltalgrhse The
reduction in bactenaltoad in hese 2 group Swas 0:97'10r the PBEE-MV §%SA Ee for 'ﬁe

BCG alone dgraugidl5Sladae (hesuhanhmgaquehs dva;;mmhtnmzidl (n‘alhum@nod[s)eaﬁe anghthlsﬂmammm@
improvement in_pratecti ac ite small nu grs o nlmal sts that similar effic ey
results would ﬁggo exp%eckg %ﬁ%fumgan b$ tyl:f] gﬁ 1%ﬁ%ur\t%geenlcc?ll 3)/ ?rom Phase Fg)tucfi e% mﬁladults
in Soui) Africdativehaseviesafety aﬁdhmMB@@ﬁHtjb stsgyiisasibabea B@Gmdctm Bt MEAt8TA
Cape, South_20 Africa. Th| trlﬁ%l ﬂults and the target is 24 subjects. Subjects who are latently

infected are“exciuded from this stud d%tte 12 subjects have been vaccinated. All 12 subjects had

significant MY(ARRASINO od (DA UR SRR P o, Wesk RORL YRCEInatoRElsunt. gy The

safety profil st e same as that seen In the UK |a studies. The res 5 of e UK
studies are sho¢la Flgugegioand Aigine®igtzon ithdaeisuht bithenGhenbidrgmupy veae @Rdwarithe

Figure 9b. Ingealyfx+ BGR% Ql%‘Mﬁ Jolyiests %Wﬁ&&w volunteers were vaccinated in the

15  The rhesus macaque is a good model of human disease and this promising improvement in
protective efficacy despite small numbers of animals suggests that similar efficacy results

would be expected in humans.
Safety and immunogenicity data from Phase II studies in adults in South Africa

A Phase II safety and immunogenicity study has been commenced in the Western Cape, South
20  Africa. This trial is in adults and the target is 24 subjects. Subjects who are latently infected
are excluded from this study. To date, 12 subjects have been vaccinated. All 12 subjects had
significant MVA85A-induced immune responses on their 1 week post vaccination Elispot

assay.

The safety profile to date is the same as that seen in the UK and Gambia studies. The results
25  of the UK studies are shown in Figure 1 and Figure 9a and the results of the Gambian study

are shown in Figure 9b.

In total, 11 BCG naive volunteers and 10 BCG primed volunteers were vaccinated in the
Gambia. The immunogenicity results of the BCG naive group (Figure 9b) resembled the
immunogenicity results of the BCG primed group in the UK (Figures 1b, 1c, 1d), in that they
30 remain above base line for the duration of follow-up. This is likely to reflect a greater degree
of priming by environmental mycobacteria at baseline, and also ongoing exposure to

environmental mycobacteria which is maintaining the response.



Gambia. The immunogenicity results of the BCG naive group (Figure 9b) resembled the
immunogenicity results of the BCG primed group i% he UK (Figures Ib, Ic, Id), in that they 30 remain
above base line for the duration of follow-up. This i57likely to reflect a greater degree of priming by
environmental mycobacteria at baseline, and also ongoing exposure to environmental mycobacteria
which is maintaining the response. 30 There is no significant difference between the BCG native and
BCG primedIgroaps mth@rﬁmmbialifﬁmméslmm&imeﬂeaB@Goneiw ihé BrEqtenoegiem@ips in the
environmen I ming,in this n contras |n the U immunaogenicity r ts. of the B
mative aroung s £ e T O PR
whereas thedB@E Hlpnmadsgmuﬁwdﬂiélmabmmlbagalmmmsﬂm diitei BC6F lfmlm\gr,qmpﬁf@urwm Ic
and Id). Throughout.the BCG liferature, there.are many e les de varigbilty | ec
efficacy acro%s q‘?grlenrll c%ﬁlrr]l iéﬁsezftr:J1 Ocvcv)ﬁl EF?%@%V% )égﬁ?l;n Eﬁssﬂ?éty anéﬁ;r? L}Xr}?%grgnsig}tly pﬁﬁle of
MVASS5A in thenidk weptréfrica dhd Soasthlibfrica ibevéuyasigm ificimtownmp Rogeendity i midd of
adenovirus expressing antigen 85A (Ag85A) 10 A recombinant adenovirus (human strain 5, El and E3
deleted) expléseighemitidenBEA [{(Ry88K) Haeshetn Bhoyaxeniptscel sirslegvitniaiie raspopises i
mice when qlygn onedSRitrRaRANSR AN SRRIRIAMION FRISTARYES G/ HRANTG 6IENCiy
spots/million splenocytes). When administered to mice that have previously received BCG; this
adenovirus expraesinylaAtgénisgr (AgsBkyistifrigmtad anuhexgapger YesgofisaniCDA4 response ¢
1400 15 spots/million splenocytes; CD8 response ¢ 2500 spots/million splenocytes). Thus this
adenovirus Va@arunegeRicitnip mienehadppoxirysfxpessnaamtisendiAiAs88Ad CD4, very strong
CD8 T cell responses and the induction of these by the same vaccine is likely to be of benefit in both

prophyl&xis anderembisit sdsnRdBEcEHIIdsHEB. Prévictdly BRtislktrirdls crarsTe h AR BRE S 3en
as a good megessaf)ingliisieg SHOR I teell desPanses ibth ies e aRAYR2R thal heth Bt Ak €B184

responses are powerfully induced. This data suggests adenoviral vectors can be a powerful boost for

BCG primed aSRamsFes sOs RO HRR S ¢t e P FSERBRY Sbbo0niPRIAMEH R RINROSHIGS Kt will

be appreciatahthaidmpsification afidetaihmaydemiace Withouk de MROtngHiomihR Heape i tising

invention. 31 AG85A SPECIFIC SEQUENCES SEQ ID NO: 1 (AG85A POLYPEPTIDE SEQUENCE)
antigen 85A (Ag85A) stimulates an even stronger response (CD4 response c¢ 1400

15  spots/million splenocytes; CD8 response ¢ 2500 spots/million splenocytes). Thus this
adenovirus vector, remarkably, is shown here to induce, in addition to very strong CD4, very
strong CD8 T cell responses and the induction of these by the same vaccine is likely to be of
benefit in both prophylaxis and treatment of mycobacterial disease. Previously adenovirus
vectors have been seen as a good means of inducing CD8 T cell responses but here we show

20  that both CD4 and CDS responses are powerfully induced. This data suggests adenoviral

vectors can be a powerful boost for BCG primed T cell responses.

The invention has been described above by way of example only. It will be appreciated that

modification of detail may be made without departing from the scope of the invention.



MQLVDRVRGAVTGMSRRLVVGAVGAALVSGLVGAVGGTATAGAFSRPGLPVEYLQVPSPSMG 5
RD IKVQFQSGGANSPALYLLDGLRAQDDFSGWDINTPAFEWYDQSGLSVVMPVGGQSSFYSD
WYQPACGKAGCQTYKWETFLTSELPGWLQANRHVKPTGSAVVGLSMAASSALTLAIYHPQQF
VYAGAMSGLLDPSQAMGPTLIGLAMGDAGGYKASDMWGPKEDPAWQRNDPLLNVGKLIANNT
RVWVYCGNGKPSDLGGNNLPAKFLEGFVRTSNIKFQDAYNAGGGHNGVFDFPDSGTHSWEYW
GAQLNAMKPCLQRALGATPNTGPAPQGA 10 SEQ ID NO 2 (AG85A NUCLEOTIDE SEQUENCE)
atgcagcttgttgacagggttcgtggcgccgtcacgggtatgtcgcgtcgactcgtg

gtcggggccgtadgtytddtiecit lQhiegiay gcgecgtcggtggeacg
gcgaccgcgggggcattttcccggccgggcttgccggtggagtacctgcaggtgccg

tcgccgtcgatgR g HRNER d A gfseh bXd’d@l’é@@E@E&Q&b@@

cccgcecctgtacct CtC cggcctgcgcgcgcaggac acttcag ac at
caacaccccg@’h@%t &@g ég&i‘dég@é{g&%b&iﬁ é?GTATAGAFSRPGLPVEYLQVPSPSMG

gtg9gtgSccagtm@g9@@§G@§QQ@QQM§GMWQQW@QWFEWYDQ SGLSVVMPVGGQSSFYSD

gggggggggacg]gé}%% a acécf:&cgc@t}gaccg% %ﬁé@@%ﬁ%ﬁ%ﬁ@%VVGLSMAASSALTLAIYHPQQF

gcttctticggcgetgacgotggegaietateacceccaguagicgictacgCygo0aWwGP KEDPAWQRNDP LLNVGKLIANNT
OO oA R CRseCGIBRLO0GEI A GGGANGVEDEPDSGTHSHE W
ccggcgtggcagegraacgarntgaipiigaacgicgygaayeigatcgccaacaac

acccgcgtctgggtgtactgcggcaacggcaagecgtcggatctgggtggcaacaac 25
ctgccgycaayfiQetbgE Gyl w@@mwﬁh@@ﬁmmwmﬁac

gcctacaacgcc thgcgg%cacqgacggc ttccc %ac cggtac at t cqeat coact cat
cacagctggga %a%@ gregegted Cg J
gcactgggtg %%c cc (ﬁé@%%gg t%@ 5L C%% ?2 g)iﬁ %ﬁ@ééﬁD AG85A
TRUNCATI cC ajh aa tccaattccaaa@i: ccaactc
MQLVIPARV §|§P§ PSPSMG RD
IKVQFQSGGA ﬁ D
WYQPACG a%%tcp lc% I é\gzg YHPQQF
VYAGAMS g‘gg o IANNT 35
RVWVYCG T@glé(f ég ?Q\é VE J% WEYW

GAQLMM@ It@Bt cggcgctgacgctggcgat ctatcacccccagcagttcegt ctacgcggga
gcgatgtcgggcctgttggacccctcecccaggcgatgggtcecccaccctgatcggectg

gcgatgggtgacgctggcggctacaaggcctccgacatgtggggcccgaaggaggac
ccggcgtggcagcgcaacgacccgctgttgaacgtcgggaagctgatcgceccaacaac
acccgcgtctgggtgtactgcggcaacggcaagceccgtcggatctgggtggcaacaac
25 ctgccggccaagttcctcgagggcttcecgtgcggaccagcaacatcaagttccaagac
gcctacaacgccggtggcggccacaacggcgtgttcgacttcecceccggacagecggtacyg
cacagctgggagtactggggcgcgcagctcaacgctatgaagcccgacctgcaacgg
gcactgggtgccacgcccaacaccgggcccgecgecccagggegectag

30 SEQID NO:3 (15 AMINO ACID AG85A TRUNCATION POLYPEPTIDE SEQUENCE)

MQLVDRVRGAVTGMSRRLVVGAVGAALVSGLVGAVGGTATAGAFSRPGLPVEYLQVPSPSMG
RDIKVQFQSGGANSPALYLLDGLRAQDDFSGWDINTPAFEWYDQSGLSVVMPVGGQSSEYSD
WYQPACGKAGCQTYKWETFLTSELPGWLOQANRHVKPTGSAVVGLSMAASSALTLATYHPQOQF
VYAGAMSGLLDPSQAMGPTLIGLAMGDAGGYKASDMWGPKEDPAWQRNDPLLNVGKLIANNT
35 RVWVYCGNGKPSDLGGNNLPAKFLEGEVRTSNIKFQDAYNAGGGHNGVEDFPDSGTHSWEYW

GAQLNAMKPDLOQOR



32 SEQ ID NO:4 (15 AMINO ACID AG85A TRUNCATION NUCELOTIDE SEQUENCE)
atgcagcttgttgacagggttcgtggcgecgtcacgggtatgtcgegiggactegtggtegg
ggccgtcggegeggcecctagtgtcgggtetggtecggegecgteggtygecacggegaccgegg
gggcattttcccggecgggcttgeccggtggagtacctgcaggtgecgtegecgtegatggge 5
cgtgacatcaaggtccaattccaaagtggtggtgccaactcgeccgecctgtacctgetcga

cggcctgcgegshaliyatgdatiCaydiiety ggdtntras s Act Ry CNEANtGiICELOTIDE SEQUENCE)
acgaccagtcgggcctgtcggtggtcatgccggtgggtggecagtcaagcttctactccgac

tggtaccagccédcttgepicaagocypteoagacttaraagyygagacatsigagt cgcgtcgactcgtggtcgg
cagcgagcetgeeggggiog @&?QQ8%@989@?%@%%&&@%%@8&9@891@ggcacggcgaccgcgg
tcggtetitcgatggctgcticticggegctgacgctggcgatctatcaccceccageagtic

gtctacgegggageatytcygectgtggacteetceeaggegetgggteecaccetgaaatgccgt cgeegtegatggge
cggcctggegatggaigacgelggegactacaaggaccleedactgiaagaceedanaddfyc-cgccctgtacctget cga

acccggcgtggcagcgcaacgacccgctgttgaacgtcgggaagctgatcgccaacaacacc
cgcgtetggotdtaetgeggeastggesagerfchyaictyggtageaacatttgicayeas-cccggcat tegagtagt
caagttcctcgagggstiegigcadrisageaacaicaagdiiccangacdeilacrptgsedagt caagettctactcecgac
gtggcggccacaacggcgtgttcgacttcccggacagcggtacgcacagctgggagtactgg
ggcgcgeagelcadegiatiageetydcitytiatad ISEEPID NEy: 5 FHe T PE RdIS6FEséyiidrice tithe
insert is as folloyvs taxpressesapausnee (iBLpper £ase.0AY82A coding seakiengg angedined): 20
tctgtac gcccgtacggtaccgagctcggatctgétgc ccgccaccATGGATGCA

ATGAAGAGAGEECTCTEETErG FECTCE TEE TS FETEEAGEACTETIESrrCEeET It ¢

AGCCAGGAAATEEAIGGEEEATICAGAAGAGOATGTAT GGAGES J &lagAGAE(cGddct gat
CGTGGCGCCGTCACGGGTATGTCGCGTCGACTCGTGGTCGGGGCCGTCGGCGCGGLCC 25

CTAGTGTCEEETCTEETCEBCELCETEEGFCEERCEECEACESEEEREEATFTTER 9

CGGCCGGGEEIIEscGEEyIEaGAGTRACEd GELAGEIGGE IR GEGEEREHCCATHEGEGELG EeA A ce
ATCAAGGTCCAATECC%AAGT GTGGTGCCAACTCG (‘%CC:CG CCTGTACCTGCTCG

c
GGCCTGCEEGESCRBLACEACT TEAGEEECTEEGACATCARCACCEEEEEGTTCERGTOC
TGGTAEGACCAGTCGGEGLLTGTCGH TEGICATGCCOET CHETEGEEAGTRAAGCTAC 30
TACTCCGACTGGTACCAGCCCGCg%':tGCCCGG%AAGGCCGGTTGQCCAGACTTAEAAGT%G

GAGACCTTECTGACCAGEBAGE TGCCEEEG TGO TGCAGGECAACAGETACGTEAAG 77

ggcgcgcagctcaacgctatgaagcccgacctgcaacgg

SEQ ID NO:5 The 1176 nucleotide sequence of the insert is as follows (expressed sequence
in upper case, Ag85A coding sequence underlined):

20
tctgtacgggcccecgtacggtaccgagectcecggatctgecgegecgecaccATGGATGCA
ATGAAGAGAGGGCTCTGCTGTGTGCTGCTGCTGTGTGGAGCAGTCTTCGTTTCGCCC
AGCCAGGAAATCCATGCCCGATTCAGAAGAGGATCTATGCAGCTTGTTGACAGGGTT
CGTGGCGCCGTCACGGGTATGTCGCGTCGACTCGTGGTCGGGGCCGTCGGCGCGGCC
25 CTAGTGTCGGGICTIGGTCGGCGCCGTCGGTGGCACGGCGACCGCGGGGGCATTTITCC
CGGCCGGGCTTGCCGGTGGAGTACCTGCAGGTGCCGTCGCCGTCGATGGGCCGTGAC
ATCAAGGTCCAATTCCAAAGTGGTGGTGCCAACTCGCCCGCCCTGTACCTGCTCGAC
GGCCTGCGCGCGCAGGACGACTTCAGCGGCTGGGACATCAACACCCCGGCGTTCGAG
TGGTACGACCAGTCGGGCCTGTCGGTGGTCATGCCGGTGGGTGGCCAGTCAAGCTTC
30 TACTCCGACTGGTACCAGCCCGCCTGCGGCAAGGCCGGTTGCCAGACTTACAAGTGG
GAGACCTTCCTGACCAGCGAGCTGCCGGGGTGGCTGCAGGCCAACAGGCACGTCAAG
CCCACCGGAAGCGCCGTCGTCGGTCTTTCGATGGCTGCTTCTTCGGCGCTGACGCTG
GCGATCTATCACCCCCAGCAGTITCGICTACGCGGGAGCGATGTCGGGCCTIGTITGGAC
CCCTCCCAGGCGATGGGTCCCACCCTGATCGGCCTGGCGATGGGTGACGCTGGCGGC
35 TACAAGGCCTCCGACATGTGGGGCCCGAAGGAGGACCCGGCGTGGCAGCGCAACGAC
CCGCTGTTGAACGTCGGGAAGCTGATCGCCAACAACACCCGCGICTIGGGTIGTACTGC
GGCAACGGCAAGCTGTCGGATCTGGGTGGCAACAACCTGCCGGCCAAGTTCCTCGAG
GGCTTCGTGCGGACCAGCAACATCAAGTTCCAAGACGCCTACAACGCCGGTGGCGGC
CACAACGGCGTGTTCGACTTCCCGGACAGCGGTACGCACAGCTGGGAGTACTGGGGC
40 GCGCAGCTCAACGCTATGAAGCCCGACCTGCAACGT




CCCACCGGAAGCGCCGTCGTCGGTCTTTCGATGGCTGCTTCTTCGGCGCTGACGCTG
GCGATCTATCACCCCCAGCAGTTCGTCTACGCGGGAGCGATGTCGGGCCTGTTGGAC
CCCTCCCAGGCGATGGGTCCCACCCTGATCGEECTGGCGATGGGTGACGCTGGCGGE 35
TACAAGGCCTCCGACATGTGGGGCCCGAAGGAGGACCCGGCGTGGCAGCGCAACGAC
oA G e R B R A AR BT A FE A C
GGCAACG G ETEEETCARETITETEEAG
GGCTTCGTGCGGACCAGCAACATCAAGTTCCAAGACGCCTACAACGCCGGTGGCGGC

CACAACGGCGTGTTCGACTTCCCGGACAGCGGTACGCACAGCTGGGAGTACTGGGGC 40
GCGCAGCTERADBOTATGAAGCCCGACCTGCAACGT 33

GGATCCATGLARECST TT GE1EREAd ﬁ%&%&%&é@%@%&ﬂ%ﬁsﬁ%&%%@ﬁ
MDAMKRGI GGV EERANERSQEIHATRBGEMQLY AVITEMSRE MR 5
GAALVSGLYGAYGRIAT ARSI RPSFNE Y EQVPSRAM AR IKMQERR G GANSRAL YO T
LLDGLRAQBRRISEGWESNT PANINYRRQESESYMMIY SRS SDIWYRIAE Gt
YKWETFLTSELPEWIRIANRIY KRd$29AV Y SSSMAARSAR A HEQRIEXY AGAMSGy

LLDPSQAMGRIN4&LAMECRAGE XKASEMMGRIGE RPAYN QIWREHNY G HANNTRMMY
Y CGNGKLSRLGHNNERAKTIEG FYRISNKF QDAYNAGGGHNGVFDFPDSGTHSWEY 10

WGAQLNAMKPDLQRGSIPNPLLGLD 34 CLAIMS 1. An immunogenic composition comprising a
non-replicating or replication impaired pox virus vector expressing the translation product of a
mycobacterial Ag85A gene for use in treating 5 or preventing mycobacterial infection or disease by
inducing a central memory T cell immune response in a patient, wherein the viral vector expresses
Ag85A with a PK C-terminus tag, a TPA leader sequence, and a truncated C-terminus. 2. Use of an
immunogenic composition comprising a non-replicating or replication impaired 10 poxvirus vector
expressing the translation product of a mycobacterial AQ85A gene in the manufacture of a
medicament for the treatment or prevention of a mycobacterial infection or disease in a patient by
inducing a central memory T cell immune response in the patient, wherein the viral vector expresses
Ag85A with a PK C-terminus tag, a TPA leader sequence and a truncated C-terminus.



15 3. The composition of claim 1 or use of claim 2 wherein the immunogenic composition is a
vectored vaccine. 4. The composition or use of anéjfreceding claim wherein the T cell immune
response is a 20 CCR7+ response. 5. The composition or use of any preceding claim wherein the
non-replicating viral vector is MVA. 25 6. The composition or use of any preceding claim wherein the
viral vector expresses the translation product of SEQ ID NO:5. 7. The composition or use of any
preceding claim wherein the viral vector further ElygdMSes the translation product of at least one
additional antigen gene(s) from a mycobacterial species. 30 8. The composition or use of any
preceding claim wherein the immunogenic composition is for administration with at least one
additional anfigen ang/qr antinisrobiak.dudne.cRmagsition pruse:f 6laim;g.whargindas,af least one
additional antigeRaidapSsianiisicilialhisienadministation Simutanecus iy separateinor
sequenfially o QreTheicompositieridninseiof anyipreceding claim whereim¢heryeEpensanisian antigen
specific immigprerEsHoNREicRs wirerejgghacaardipgrtexetaies 2aiierain k& Girgrvestoraddiionally
expresses tHEFARSILHSH ProFCEFAEEARIY e additional antigen gene, and wherein the
medicament is for the treatment or prevention of both mycobacterial disease and at least one
ol e, e 7 ST o 2 e T P cbmposidon
further nducgs gt fEIbInMmlR acéamasa;@a@m#%sg&wﬁm% which the. Yl vaelatds derived. 13.
Use of immunegenic compositinneanpusing aaesyrepioating & keplicatiohirpRaked nprxyirus vector
expressing the trasisiation puociiet afzdsmycobackrial gdbA gene iMPthdekbrmandfacturé of a
medicamenttfeiicaire freeftniist or prevention of at least one disease in a patient by including a central
memoipT cell immune response, wherein the medicament is administered with at least on additional
antigen and Wvhereifhtheowiredijecedc@ipregses AgdBm Withes P K Crarmnigerc g PTER1dader
sequence an@LHNSEHBY C-terminus. 15 14. Use of an antigen in the manufacture of a medicament

for the treatment ofgliseass,ifig, Ratieniay,inducing asenialmemon.di salhimmuns.tespense
where@othe argdicaspntds

5. The composition or use of any preceding claim wherein the non-replicating viral vector is
MVA.
25 6. The composition or use of any preceding claim wherein the viral vector expresses the

translation product of SEQ ID NO:5.

7. The composition or use of any preceding claim wherein the viral vector further expresses
the translation product of at least one additional antigen gene(s) from a mycobacterial species.

30
8. The composition or use of any preceding claim wherein the immunogenic composition is
for administration with at least one additional antigen and/or antimicrobial.

9. The composition or use of claim 8 wherein the at least one additional antigen and/or
35 antimicrobial is for administration simultaneously, separately or sequentially.

10. The composition or use of any preceding claim wherein the response is an antigen
specific immune response.



administered with an immunogenic composition comprising a non-replicating or replication impaired
poxvirus vector expressing the translation product :%a mycobacterial Ag85A gene, wherein the viral
vector expresses Ag85A with a PK C-terminus tag; TPA leader sequence and a 20 truncated
C-terminus. 15. Use according to claim 13 or 14, wherein the T cell immune response is CCR7 +
response. 1§, The ¢pmposi '0”8% 156 of any breceding clain d‘é’P rain (e L.cellresponse, is protective
25 against agisease SAlsGied IRIAING HAUR LOUSISING. QL IHRETUIRS S EPIOSY. WysabReterium
avium |nfecgimaermﬁndubﬁmuymmmeba@&aﬂawnﬁmawacﬁmlmmm@arseMly&phﬁﬁtenum bovis infection

or disease, smallpox, monkeypox, Mycobacterium paratuberculosis infection, inflammatory bowel
disease, Crohns Disease, autoimmune disease, cancer and bladder cancer. 30 17. The composition or
use of aﬁly precedingclatmdivhereimthe patient is seleotegtfronetinesigrodiptbonsiBiiagack children,
patients whoHEEM Y/ FPERHGIE G AT Srsr B UHOES Mt AISEH 8% Yr4ve undergone organ
transplants. 18. The composition or use of any preceding claim, wherein the patient has been
previously 35- exp o‘é%’d"fo"E%rfﬁﬁ%ft&fe‘f?élpfgu?héowﬁﬁﬂlﬁsﬂ@w&%é“% <9Fafﬁl?lf8“%rfé’ﬂ§‘i'ﬁeﬁ1e patient

VECLIOr

has beg préVinliSly Soseliio M, bfainsss, 4o éﬁv@fb SbiRaeh ALl B SllngyLe or 1,
wherein the pafientis Jatenthyctpfected withnthemyebagiata. itdlmd A SOMRsHian Ot usaipf any
preceding claimawhergiditihelpatignt hasvbeein meevﬁzea&@rmﬁae&@g&ﬂzaﬂﬁa\mctoredmaccme

comprising daachPrelshidatingrorceeplicdtionaindgairedipoxvirus vector expressing the translation product
of the nucleotide sequence of SEQ ID NO: 4, and additionally 36 including a PK C-terminus tag and a
TPA leader sequence. 23. The vectored vaccine of claim 22 wherein the viral vector expresses the
translation productlst thie:nucleotidetse quareswf SEQnHIN@NE G B4 iFhewectOdedavascine of claim
22 or claim 23isphéreindtseaonsepHtatimevirdl gelbtonrmsng/ \gaponse wherein the medicament is

administered with an immunogenic composition comprising a non-replicating or replication

impaired poxvirus vector expressing the translation product of a mycobacterial Ag85A gene,

wherein the viral vector expresses Ag85A with a PK C-terminus tag, TPA leader sequence and a
20  truncated C-terminus.

15. Use according to claim 13 or 14, wherein the T cell immune response is CCR7 +
response.
16. The composition or use of any preceding claim, wherein the T cell response is protective

25 against a disease selected from the group consisting of tuberculosis, leprosy, Mycobacterium avium
infection, non-tuberculosis mycobacterial infection, Buruli ulcer, Mycobacterium bovis infection or
disease, smallpox, monkeypox, Mycobacterium paratuberculosis infection, inflammatory bowel
disease, Crohns Disease, autoimmune disease, cancer and bladder cancer.

30 17. The composition or use of any preceding claim, wherein the patient is selected from the
group consisting of children, patients who have HIV infection or AIDS, are immunocompromised
or have undergone organ transplants.

18. The composition or use of any preceding claim, wherein the patient has been previously
35 exposed to Mycobacteria.

19. The composition or use of claim 18, wherein the patient has been previously exposed to
M. tuberculosis.

40 20. The composition or use of claims 18 or 19, wherein the patient is latently infected with
the mycobacteria.

21. The composition or use of any preceding claim wherein the patient has been pre-treated
with BCG.

45
22. A vectored vaccine comprising a non-replicating or replication impaired poxvirus vector

expressing the translation product of the nucleotide sequence of SEQ ID NO: 4, and additionally



25. The vectored vaccine of any one of claims 22 to 24, wherein the viral vector further 10 expresses
the translation product of at least one additional argigen gene(s) from a mycobacterial species.

including a PK C-terminus tag and a TPA leader sequence.

23. The vectored vaccine of claim 22 wherein the viral vector expresses the translation
product of the nucleotide sequence of SEQ ID NO: 5.

5
24. The vectored vaccine of claim 22 or claim 23, wherein the non-replicating viral vector is
MVA.
25. The vectored vaccine of any one of claims 22 to 24, wherein the viral vector further

10 expresses the translation product of at least one additional antigen gene(s) from a mycobacterial
species.



