wo 2010/097625 A1 I 0K 0 OO0 OO

(19) World Intellectual Property Organization

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

International Bureau

(43) International Publication Date
2 September 2010 (02.09.2010)

(10) International Publication Number

WO 2010/097625 Al

(2D

(22)

(29
(26)
(30)

(71)

(72)
(79)

(51) International Patent Classification:

A61K 39/04 (2006.01)

International Application Number:
PCT/GB20 10/050324

GOIN 33/569 (2006.01)

International Filing Date:
25 February 2010 (25.02.2010)

English
English

Filing Language:
Publication Language:

Priority Data:
0903 168.3
0903260.8

25 February 2009 (25.02.2009)
26 February 2009 (26.02.2009)

GB
GB

Applicants (for all designated States except US): FU-
SION ANTIBODIES LIMITED [GB/GB]; Springbank
Industrial Estate, Pembroke Loop Road, Dunmurry,
Belfast BTI 2WD (GB). ENFER TECHNOLOGY
LIMITED [IE/IE]; Mocklerstown House, Ballyclerihan,
Clonmel, Co. Tipperary (IE).

Inventors; and

InventorgApplicants (for US only): OLWILL, Shane
[IE/GB]; Fusion Antibodies Limited, Springbank Indus-
trial Estate, Pembroke Loop Road, Dunmurry, Belfast
BT17 OQL (GB). KWOK, Hang Fai [GB/GB]; Fusion
Antibodies Limited, Springbank Industrial Estate, Pem-
broke Loop Road, Dunmurry, Belfast BT 17 OQL (GB).
JOHNSTON, James [GB/GB]; Fusion Antibodies Limit-
ed, Springbank Industrial Estate, Pembroke Loop Road,
Dunmurry, Belfast BT 17 OQL (GB). WHELAN, Clare
[IE/IE]; Enfer Technology Limited, Mocklerstown House,
Ballyclerihan, Clonmel, Co. Tipperary (IE). CLARKE,
John [IE/IE]; Enfer Technology Limited, Mocklerstown
House, Balyclerihan, Clonmel, Co. Tipperary (IE). SHU-
RALEV, Eduard [IE/IE]; Enfer Technology Limited,

(74)

81)

(84)

Mocklerstown House, Ballyclerihan, Clonmel, Co. Tip-
perary (IE).

Agent: MAIN, Malcolm, Charles;, Murgitroyd & Com-
pany, Scotland House, 165-169 Scotland Street, Glasgow
Strathclyde G5 8PL (GB).

Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, cz, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind d regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, Cl, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration d the time limit for amending the
claims and to be republished in the event d receipt d
amendments (Rule 48.2(h))

with sequence listing part d description (Rule5.2(a))

(54) Title: DIAGNOSTIC METHOD AND KIT

(57) Abstract: Provided are methods of and kits for diagnosis of tuberculosis in an animal comprising determining the presence or
absence of an Rv3616 antigen, an MPB70 antigen, an MPB70 linear epitope, an MPB83 antigen, and at least one of (a) a CFPIO
antigen and (b) an ESAT 6 antigen. The animal may be abovid. Also provided are methods and kits which may be used to identify
tuberculosis infection in animals such asbadgers, cervids and wild boar.



WO 2010/097625 PCT/GB2010/050324

10

15

20

25

30

"Di agnostic Method and Kit"

Field of the Invention

The invention relates to nmethods and kits for the
di agnosi s and/ or herd profiling of Mcobacterium

infected or contam nated aninmals.

Background to the Invention

Tuberculosis (7TB) , one of the nbst w despread

i nfectious diseases, 1is the leading cause of death
due to a single infectious agent anpbng adults in the
world. Mycobacterium tuberculosis is the nbst comon

cause of hunan TB.

In order to nonitor and control the disease, herd
profiling is necessary. However, the nethods
currently used to nonitor tuberculosis in animls
suffer from a nunber of drawbacks. Nowadays, the

di sease control programmes for bovine TB carried out
in nmost countries are based on a test and renoval
strategy utilizing the intradermal skin test, which
relies on PPD, a purified protein derivative of M.
bovis strain AN5, to elicit an imune response in

infected cattle.

In cattle, the intradernal skin tests currently used
are the Caudal -fold Tuberculin Test (CFT) and the

Conparative cervical tuberculin test (CCT) . The
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Caudal -fold Tuberculin Test (CFT) is the primry
screening test used to identify cattle herds
potentially infected with bovine tubercul osis. It
neasures the imune response to Purified Protein
Derivative (PPD) tuberculin (M bovis AN5) . However,
in 5% of cases, the CFT test nmay result in false-
positive test results or, in 15% of cases, in false-
negative test results. Disease control based on the
skin test can be conplenented by the gama-
interferon test, which nmeasures an animal's T cell
response when exposed to PPD material. The gamma-
interferon test is utilised as a second line

di agnostic for ‘skin test positive' aninmals.

One of the problens associated with the conplex
antigenic nature of nycobacteria is the definition

of those proteins which are inportant targets of the
i mune system and are thus likely present in large
nunbers of field sanples. It is also inportant to
recognize that there is regional variation in the

i nfectious nmnycobacteri al strains, for exanple M.

bovi s strains.

An antibody assay developed wusing strain specific
proteins could resolve both specificity and

sensitivity issues.

A nunber of nmethods of discrinmnating between

strains of tuberculosis have been suggested. US

6, 686, 166B, WO 2004/ 083448A, US2004/00 63923A, and US
6,291, 190B describe 129 genetic marker sequences

which are suggested for use in the identification of
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strains of mycobacteria. However, many markers are
not expressed sufficiently to reliably be used in
the identification of a strain. Furt her, as
described further below, the anobunt of expression of
i ndi vidual markers varies considerably, not only
between strains, but within strains geographically
and within strains dependent on the stage of

i nfection .

US2005/ 0272104A suggests the use of the PPD antigens
ESAT-6 and CFP-10 in the detection of Mcobacterium
tuberculosis in humans. In general however, antibody
(Ab) tests based upon PPD tuberculins are
characterised by a low discrimnating power, wth
the distribution of the antibody titers between
infected and non-infected animals being wdely

overl apping (Amadori et al . 1998).

US 7,192,721 describes a test kit for detection of
TB in different non-primate mammuals, the kit
conprising a nycobacterial antigen cocktail
conprising ESAT-6/CFP10 and 16kDa/ MPB83 fusion
proteins. In a sanple of 85 cattle, the sensitivity
denponstrated was 79% however, in 513 cattle, the

sensitivity was 73%

Due to the heterogeneity of the disease, no single
antigen is present in all cases of infection.
However, although a great nmany antigens associated
with tuberculosis infection have been identified in
the prior art, the need remmins for particular

conbi nations which may be used in a test wth
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improved levels of sensitivity and specificity to
avoid the many false positive and false negative
test results associated with conventional TB

t esting.

Al though many antigens have been identified, by
sinply increasing the nunber of antigens in a test
kit, the sensitivity and specificity of the test may
not necessarily be inproved. It is recognised in

10 the art that, where diagnostic kits conprise too
many antigenic additional antigens, the specificity
and sensitivity of the kit may in fact be reduced.
For exanple, US 792,721 describes a decrease in
sensitivity and specificity associated wth

15 increasing the nunber of antigens used in the kits
descri bed therein. Thus, crucial to the design of
an effective kit is the selection of antigens to be

used therein.

20 As well as the problens discussed above with respect
to identification of antigens for reliable diagnosis
of tuberculosis infection, the formats of many
di agnostic kits currently used may contribute to the
lack of reliability. Cunulative results from animals

25 experinmentally infected with Mv (M bovis) have
shown there may be a transient antibody response to
sone antigens that occur at different stages of
infection, further conplicating developnent of a
di agnostic assay (Amadori,et al 2002. Vet.

30 M crobiol. 85:379-389). The advances that have been
made show that some of the difficulties in

devel oping an optimal assay can be overcone by
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including nultiple antigens in the assay (Aagaard,
et al 2006. J. din. Mcrobiol. 44:4326-4335.,
Amadori,et al 2002. Vet. M crobiol. 85: 379- 389) .
Al though some success has also been nade in
5 identifying antigens potentially useful in

mul ti pl exed diagnostic assays (Aagaard, et al 2006.
J. Cin. Mcrobiol. 44: 4326-4335. , Koo et al 2005.
J. Cin. Mcrobiol. 43: 4498- 4506, Li ght body, et al
2000. Vet. Mcrobiol. 75:177-188, MNair et al

10 2001. Scand. J. Inmmunol. 53:365-371., Pol l ock, J. M.
and P. Andersen. 1997. Infect. |Imun. 65:2587-2592,
Pollock, J. M. and P. Andersen. 1997. J. Infect.
Dis. 175:1251-1254, Pol | ock, et al 2000. Vet. Rec.
146: 659- 665, WKker et al 1998. Infect. | mmun.

15 66: 1445-1452), the necessity of using nultiple
antigens in an assay, has, however, introduced
anot her chal | enge. Eval uation of the standard type

of ELISA has shown sensitivity and specificity are
reduced when multiple antigens are conbined for

20 analysis in a single well thus [imting the way a
conventional ELISA can be used (Lyashchenko, et al
2000. J. Ipmmunol. Methods 242:91-100). Fl uor escence
pol ari zation has been evaluated as an alternative
platform (Lin et all996. din. Diag. Lab. |[|nmunol.

25 3:438-443, Surujballiet al 2002. Vet. Mcrobiol.
87:149-157). It has been successfully wused in
testing for Mov in cattle, elk, Ilams, and bison
with a single antigen. A further inprovenment over
an ELI SA-based system has been the use of [|ateral

30 flow technology (Koo et al 2005. J. din. Mcrobiol.
43: 4498- 4506, Lyashchenko et al 2000. J. Inmmunol.
Met hods 242:91-100). Thi s met hodol ogy has been used
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successfully for multiplexing antigens for visual
anal ysis of patterns of antibody activity at the
single animal level (Geenwald, et al 2003. D agn.
M cr obi ol . Infect. Dis. 46:197-203, Lyashchenko, et
al 2006. din. Vaccine Immnol. 13:722-732, Waters,
et al 2006. din. Vaccine |Imunol. 13:648-654,
Waters, et al 2006. din. Vaccine I|nmunol. 13:611-
619, Wernery et al 2007. Vet. Mecrobiol. 122:108-
115.) . OQher areas that have not been fully
explored are electrochem | um nescence (Lu, Y. et al
2006. J. Inmmunol. Methods 314:74-79, Yan, et al.
2004. J. Inmmunol. Methods 288:47-54) and

chem | um nescence (Liew et al 2007. Biotechniques
42:327-333). Commercial imaging systens using these
technol ogi es have been developed for multiplexing
and analysis of antibody activity to nultiple
antigens (Liew et al 2007. Biotechniques 42:327-333,
Lu, Y. et al 2006. J. Immunol. Methods 314:74-79,
Yan, et al . 2004. J. Inmunol. Methods 288:47-54).
The platforns are designed for rapid processing and
anal ysis of large nunbers of sanmples. However, a
nunber of problens persist with many of these

met hods .

There thus remains the need for an inproved test
which can accurately and reliably diagnose the
presence of tuberculosis infection with satisfactory
sensitivity and specificity across different

popul ati ons of aninmals.

PCT/ GB2008/ 050721, whi ch shares the sane applicants

as the present application) describes particular
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conbi nati ons of mycobacterial antigens which may be
used in the diagnosis of TB with high |evels of

reliability.

5 Sumary of the Invention

As described herein, the present inventors have

identified a nunber of polypeptides, which together

are useful for the sensitive specific diagnosis and
10 profiling of Mycobacterium in a nunber of different

famlies of manmmal s.

Each of the specific polypeptides is capable of
eliciting a strong imune response in the absence of
15 adjuvant. The characterized proteins/fragments which
are inmmunogenic (or early antigens) and specific to
one or other nycobacterial strains can be used
reliably for the diagnosis of tuberculosis
infection. As described in the exanples, such
20 pol ypeptides elicit a strong imune response in
serum from animals immunised with Mycobacterium
bovis. Significantly, the inventors have found that,
when particular conbinations of these pol ypeptides
are used together in an assay, the sensitivity of
25 tubercul osis testing can be vastly inproved over the

sensitivity obtained using prior art nethods.

The pol ypeptides which may be used in the invention
are SEQ ID NGs: 1-13 and variants and fragments

30 t her eof .
In one enbodi nent of the invention, the polypeptides

which may be used in the invention conprise peptides
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having am no acid sequences conprising the am no
acid sequences shown as one or nore of SEQ |ID NGs:
1-13.

SEQ ID NO 1 corresponds to Rv3616C (full |ength)

MBRAFI | DPT 1SAIDGLYDL LG G PNQGG | LYSSLEYFE
KALEELAAAF PGDGALGSAA  DKYAGKNRNH  VNFFQELADL
DRQLI SLI HD QANAVQTTRD | LEGAKKGLE  FVRPVAVDLT
YI PWGHALS AAFQAPFCAG AMAWGGALA  YLWKTLI NA
TQLLKLLAKL AELVAAAIAD | | SDVADI | K GTLGEWWEFI
TNALNGLKEL WDKLTGAWTG  LFSRGWBNLE ~ SFFAGVPGLT
GATSGLSQVT GLFGAAGLSA  SSGLAHADSL  ASSASLPALA
A GEGSG-FGG LPSLAQVHAA STRQALRPRA DGPVGAAAEQ
VGGESQLVSA QGSQGVIEEPY GMGEVHPSSG ASKGTTTKKY
SEGAAAGTED AERAPVEADA  GGGQKVLVRN WV

SEQ ID NO 2 corresponds to residues 300-370 of
Rv3616c (M b40) :

ASTRQAL RPRADGPVGAAAEQVGERSQL VSAQGSQGVGGPVGMGAVHPSSGA
SKGTTTKKYSEGAAAGTED

SEQ ID NO 3 corresponds to residues 35-94 of
Rv3616¢c:

SLEYFEKAL EEL AAAFPGDG. GSAADKYAGKNRNHVNFFQELADLDRQLI S
LI HDQANA

SEQ ID NO 4 corresponds to residues 1-34 of
Rv3616¢c:
VBRAFI | DPTI SAI DALYDLLG G PNQGA LYS

SEQ ID NO 5 corresponds to residues 95-392 of
Rv3616¢c:

VQITRDI LEGAKKGLEFVRPVAVDLTYI PVWGHAL SAAFQAPFCAGAVAVWG
GALAYLWVKTLI NATQLLKLLAKLAELVAAAI ADI | SDVADI | KGTLGEVWE
FI TNALNGLKELWDKL TOATA.FSRGABNLESFFAGVPGLTGATSGALSQVT
GLFGAAGLSASSGLAHADSLASSASL PALAG GGGSGFGELPSLAQVHAAST
RQAL RPRADGPVGAAAEQVGESQL VSAQGSQGMGEPVAMGGVHPSSGASKG
TTTKKYSEGAAAGT EDAERAPVEADAGGEXKVLVRNW



WO 2010/097625 PCT/GB2010/050324

10

15

20

25

30

SEQ ID NO 6 corresponds to MPB70

MKVKNTI AATSFAAAGLAAL AVAVSPPAAAGDLVGPGCAEYAAANPTGPASYV
QGVBEQDPVAVAASNNPEL TTLTAAL SGQLNPQVNLVDTLNSGQYTVFAPTNA
AFSKLPASTI DELKTNSSLLTSI LTYHVWAGQOT SPANVWGTROQTLQGASVTV
TGQGNSLKVGNADVWCGGVSTANATVYM DSVLMPPA

SEQ ID NO 7 corresponds to PEP1(MPB70O):
KGSGS SVQGVEQDPVAVAASNNPEL

SEQ ID NO 8 corresponds to MPB83

M NVQAKPAAAASL AAI Al AFLAGCSSTKPVSQDTSPKPATSPAAPVTTAAM
ADPAADL | GRGCAQYAANPTGPGSVAGVAQDPVATAASNNPMLSTLTSALS
GKLNPDVNLVDTLNGGEYTVFAPTNAAFDKLPAATI DQLKTDAKLLSSI LTY
HVI AGQASPSRI DGTHQTLQGADL TVI GARDDL MWNNAGLVCGGVHTANATYV
YM DTVLMPPAQ

SEQ ID NO 9 corresponds to Rv3875 (ESAT6) :
TEQQWNFAG EAAASAI QGNVTSI HSL L DEGKQSL TKLAAAWGGSGSEAYQG
VQOKWDATATELNNAL ONLARTI SEAGQAMASTEGNVTGVFA

SEQ ID NO 10 corresponds to Rv3874 (CFPIO :
AEMKTDAATLAQEAGNFERI SGDLKTQ DQVESTAGSL QGOVWRGAAGTAAQA

AVVRFQEAANKQKQELDEI STNI' RQAGVQY SRADEEQQQAL SSQMG-

SEQ ID NO 11 corresponds to PEP4 (CFPIO
KGSGS MAEMKTDAATLAQEAGN

SEQ ID NO 12 corresponds to PEP9 (CFPIO
KGSGS NI RQAGVQYSRADEEQQQ

SEQ ID NO 13 corresponds to PEP 17 (CFPIO
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VWRFQEAANKQKQELDE |

O her polypeptides which may be used in the
invention conprise peptides having amno acid
sequences conprising the amno acid sequences shown

as one or nore of SEQ ID NOGs: 14-16.

SEQ ID NO 14 corresponds to Rvl573:
MI'TTPARFNHLVTVTDLETGDRAVCDRDQVAETI RAWFPDAPL EVREAL VRL
QAALNRHEHT GELEAFLRI SVEHADAAGGEDECGPAI LAGRSGPEQAAI NRQL
G AGDDEPDGDDTPPWSRM GLGGGSPAEDER

SEQ ID NO 15 corresponds to Rvl580c:
MAETPDHAEL RRRI ADMAFNADVGVATCKRCGDAVPY! | LPNLQTGEPVMGV
ADNKVWKRANCPVDVCGKPCPFLI AEGVADSTDDTI EVDQ

SEQ ID NO 16 corresponds to Rvl585c:

MSRHHNI VI VCDHGRKGDGRI EHERCDLVAPI | WDETQGW.PQAPAVATLL
DDDNQPRAVI GLPPNESRL RPENMRRDGW/RL HAEFACL RY GAAGVRT CEQRP
VRVRNGDLQTLCENVPRLLTGLAGNPDYAPGFAVQS DAVWAMNWVRTLCE S
DTPNKLRATPTRGSC

Underlined sequences, as shown above for some

pepti des, were added to enhance the hydrophilicity
of the peptides for binding to the surface. Were
reference is nade herein to use of such peptides, it
shoul d be understood that such peptides may be

enpl oyed with or without the hydrophilicity

enhanci ng sequence.

The inventors have found that the peptides having
am no acid sequences SEQ IDNO 1 to SEQ ID NO 13
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each elicit a strong imrune response in serum from
aninmals challenged wth nmnycobacteri al strains.
Significantly, the inventors have found that by
enploying one of two conbinations of only five of
5 these antigens, the presence of tuberculosis nmay be

identified in animals with a degree of sensitivity
hitherto not obtainable. Furthernore the inventors
have also shown that a diagnostic test for
tuberculosis infection denpnstrating both high

10 sensitivity and specificity nay be based on either

of these conbinations.

Accordi ngly, in a first aspect of the invention,

there is provided a nethod of diagnosis of

15 tuberculosis in an aninal, the nethod conprising the
steps :
providing a biological sanple from said animl; and

determining the presence or absence of a group of
antigens, or the presence or absence of an inmmune

20 response to each nenber of said group of antigens,
wherein said group of antigens conprises the group
consisting of (i)an Rv3616 antigen, (ii) an MPB70
antigen, (iii) an MPB70 linear epitope, for exanple
PEPI (MPB70) (iv) an MPB83 antigen, and (v) at |east

25 one of (a) a CFPIO antigen and (b) an ESAT 6
antigen; wherein the identification of the presence
of two or nore of said antigens of said group of
antigens, or of an inmune response thereto, is
indicative of the presence of tuberculosis infection

30 in the aninal.
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In a second aspect, the present invention provides
an assay for the detection of the presence of
Mycobact eri um for exanple Mycobacterium bovis, in a
bi ol ogi cal sanple, said nethod conprising the steps:
providing a biological sanple from said animl;
and determining the presence or absence of a group
of antigens, or the presence or absence of an immune
response to each nenber of said group of antigens,
wherein said group of antigens conprises the group
consisting of (i) an Rv3616 antigen, (ii) an MPB70
antigen, (iii) an MPB70 linear epitope, for exanmple
PEPI (MPB70) (iv) an MPB83 antigen, and (v) at |east
one of (a) a CFPIO antigen and (b) an ESAT 6
anti gen;
wherein the identification of the presence of
two or nore of said antigens or of an inmune
response thereto is indicative of the presence of

Mycobacterium in the biological sanple.

In one enbodinent of the first and second aspects of
the invention, the nethod does not conprise the
deternination of the presence or absence of any
mycobact eri al antigen, or an inmmune response

thereto, other than (i) an Rv3616 antigen, (ii) an
MPB70 antigen, (iii) an MPB70 |inear epitope, for
exanple PEPI (MPB70) (iv) an MPB83 antigen, and (v)
at least one of (a a CFPIO antigen and (b) an ESAT

6 antigen.

In one enbodinent of the first or second aspect of

the invention, the group of antigens conprises (a a
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CFPI O antigen but does not conprise (b) an ESAT-6

antigen .

In another enbodinment of the first or second aspect
of the invention, the group of antigens conprises an
ESAT-6 antigen but does not conprise a CFPlO

antigen .

Unl ess the context demands otherw se, where
reference is made to a CFPIO antigen, such reference
should be understood to enconpass one or nore of a
CFPI O antigen having the sequence shown as SEQ ID
NO 10, a pep4 (CFPIO antigen having the sequence
shown as SEQ ID NO 11, a pep9 (CFPIO antigen
having the sequence shown as SEQ ID NO 12, or a
pepl 7 (CFPIO antigen having the sequence shown as

SEQ ID NO  13.

However, in one particular enbodinent, the CFPIO

antigen has the sequence shown as SEQ ID NO 10.

Li kewi se where reference is nmade to a Rv3616¢C
antigen, such reference should be understood to
enconmpass one or nmore of a Rv3616c antigen having
the sequence shown as SEQ ID NO 1, SEQ ID NO 2,
SEQ ID N0 3, SEQ IDNO 4, or SEQ ID NO 5.

The present inventors have established that, even if
an animmal has been exposed to bovine PPD, the

detectable immune response to the PPD test, in nmany
cases, decreases rapidly after the initial exposure.

Thus, although exposure to one or nore of these
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antigens may be detectable in an animal uninfected
with tuberculosis but which has been tested with
bovine PPD within 2 weeks of the PPD test, wthin
one nonth or so, the antigenic response wll, in
many cases, be undetectable. Thus, in general,
unless a particular herd has been tested with PPD
within one nonth preceding testing the animals wth
the nmethod or kit of the present invention, the
identification of the presence of an inmmune response
to one or nore of these antigens should be
indicative of infection with Mycobacterium bovis and

not nerely exposure to bovine PPD.

However, the antigens having SEQ ID NO 14, SEQ ID
NO 15 and SEQ ID NO 16 (rvl573, Rvl580c and

Rvl 585c) are not expressed in bovine PPD and thus
may be used to confirm that the presence of a
positive result is indicative of infection wth
bovi ne tuberculosis and not nerely of past exposure

to PPD via e.g. the intradermal skin test.

Accordingly, in one enbodinment of the first and
second aspects of the invention, the nethod further
includes determning the presence or absence of at
| east one of the antigens, or an imune response to
at least one of the antigens, of the group
consisting of an RvlI573 antigen, an RvlI580c antigen
and an RvlI585c anti gen. The identification of the
presence of one or nore of the RvlI573 antigen, the
Rvl 580c antigen and the RvlI585c antigen or of an

i mune response thereto is confirmatory of the

presence of, or infection with, Mycobacterium bovis.
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The nethods of the invention my be used with any

animal, for exanple any mamal, including humans, or
bird. In one enbodi nent, the animal is a manmmal .
In one particular enbodinent, the mammal is a non-

human nmanmmal

In a particular enbodinment of the invention, the
manmal is a donesticated animal, such as a farm
ani mal . In a particular enbodinment the nmanmal is of

the famly bovidae. The bovidae include cattle,

goats, sheep, antelopes and gazelles. |In one
enbodi nent, the mammal is a cow. I n anot her
enbodi nent, the mammal s a goat.

In a particular enbodinment of the invention, the
mammal is a goat and the group of antigens conprises
(i) an Rv3616 antigen, (ii) an MPB70 antigen, (iii)
an MPB70 linear epitope, for exanple PEPI (MPB70)
(ivy an MPB83 antigen, and (v) a CFPIO antigen.

In another particular enbodinment of the invention,
the mammmal s a goat and the group of antigens
consists of (i) an Rv3616 antigen, (ii) an MPB70
anti gen, (iii) an MPB70 Ilinear epitope, for exanple
PEPI (MPB70) (iv) an MPB83 antigen, and (v) a CFPIO

antigen .

In a further enbodi ment of the invention the nanmal

is a cervid.
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In a further enbodinent of the invention the mammal

is a suidae mammal, for exanple pig, swine ,hog or
wild boar. In one particular enbodinent, t he sui dae
manmal is a wild boar.

Moreover, as described in the Exanples, the

i nventors have established that tuberculosis can be
identified with high sensitivity and selectivity in
cervids and wild boar by determining the presence or
absence of a group of four (of the five antigens
used in the first and second aspects of the
invention) , or the presence or absence of an immne
response to each nenber of said group of four
antigens. The group of antigens consists of (i) an
MPB70 anti gen, (ii) an MPB83 antigen, and (iii) an
Rv36l16c antigen and (iv) a CFPI O antigen.

Accordi ngly, the invention further extends in a
third aspect to a nmethod of diagnosis of
tuberculosis in a cervid or a suidae mammal, the
nmet hod conprising the steps:

providing a biological sanple from said cervid or
suidae nmanmal; determining the presence or absence
of, or an imune response to each of an Rv3616
antigen, an MPB70 antigen, an MPB83 antigen, and a
CFPI O antigen; wherein the identification of the
presence of one or nore, for exanple two or nore, of
said antigens of said group of antigens, or of an

i mune response thereto, is indicative of the
presence of tuberculosis infection in the cervid or

sui dae nmanmal
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The invention also extends in a fourth aspect to an
assay nmethod for the detection of the presence of
Mycobacterium for exanple Mcobacterium bovis, in a
bi ol ogi cal sanple from a cervid or a suidae mamal,
the nethod conprising the steps:

providing a biological sanple from said cervid or
sui dae manmal ; determ ning the presence or absence
of, or an inmune response to each of an Rv3616
antigen, an MPB70 antigen, an MPB83 antigen, and a
CFPI O antigen; wherein the identification of the
presence of one or nore, for exanple two or nore, of
said antigens, or of an inmune response to one or
nore, for exanple two or nore, of said antigens, is
i ndi cative of the presence of tuberculosis infection

in the cervid or suidae mammal .

In one enbodinment of the third or fourth aspects of
the invention, the nethod does not conprise the
determ nation of the presence or absence of any
nycobacterial antigen, or an inmmune response
thereto, other than of or to an Rv3616 antigen, an
MPB70 antigen, an MPB83 antigen, and a CFPIO

antigen .

In one enbodiment of the third or fourth aspect of
the invention, wherein the animal is a cervid, the
identification of the presence of one of said

antigens of said group of antigens, or of an inmune
response thereto, is indicative of the presence of

tuberculosis infection in the cervid.
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In one enbodinment of the third or fourth aspect of
the invention wherein the animal is a suidae mammal,
the identification of the presence of two of said
antigens of said group of antigens, or of an inmmune
5 response thereto, is indicative of the presence of

tuberculosis infection in the suidae nanmal.

In a particular enbodinment of the third or fourth
aspects of the invention, the animal is a wild boar.

10
A nunber of wild mammals are considered reservoirs
for TB infection. For exanple, badgers are
considered as a significant source of TB infection
for cattle and, as a result, are often culled to

15 prevent TB spread to cattle. However, this neans of
control of TB infection is controversial. A test
which could reliably identify TB infection in
badgers (and other host animals, which may act as
reservoirs of infection) would therefore be

20 inval uable in establishing whether or not individual
animal s, sets or populations thereof are indeed a
threat to other species and thus save unnecessary
cul l'i ng. To date, however, a test which can
reliably identify infection in animals such as

25 badgers is not available. Typical tests have a
reported sensitivity of less than 50% when assessing
field sanples (Chanbers et al J Cin Mcrobiol. 2008
Apr; 46 (4) :1498-500) .

30 The nethods of the present invention achieve
considerably higher sensitivity than known tests for

use in diagnosis of TB infection in animals such as
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badgers. Thus, in one enbodi nent of the invention,
the mammal is a "reservoir" animal , for exanple a
badger . In the context of the present invention, a

"reservoir” animal is any non-human animal which may
carry or be infected with tuberculosis and which may
act as a source of infection of tuberculosis to
donesticated |ivestock. Such reservoir aninals
include, in addition to badgers, white tail deer,

possuns, el ephant and zoo/safari park aninals.

Moreover, the inventors have determned that a

consi derable inprovenent in sensitivity may be

achi eved over known reservoir animals, e.g. badger,
TB diagnostic assays by testing for the presence or
absence of, or an immune response to each of a MPB70

antigen, an Rv3616c antigen and a MPB83 anti gen.

Accordingly, in a fifth aspect of the invention,
there is provided a nethod of diagnosis of
tuberculosis in a mammal, the nethod conprising the
steps:

providing a biological sanple from said mammual ; and
determning the presence or absence of, or an

i mmune response to an Rv3616 antigen, an MPB70
antigen, and an MPB83 antigen, wherein the
identification of the presence of one or nore of
said antigens of said group of antigens, or of an

i mmune response thereto, is indicative of the

presence of tuberculosis infection in the manmal.

In a particular enbodiment of this aspect of the

i nvention, the nethod does not conprise the
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determ nation of the presence or absence of any
nmycobacterial antigen, or an inmune response
thereto, other than Rv3616 antigen, an MPB70
antigen, and an MPB83 antigen. I n anot her
5 enbodi nent of this aspect of the invention, the
nmet hod enploys determining the presence or absence
of CFP-10, optionally in the absence of
determi nation of the presence or absence of any
ot her nycobacterial antigen, or an inmune response
10 thereto, other than Rv3616 antigen, an MPB70
antigen, an MPB83 antigen, and a CFP-10 antigen.

In one enbodinent of the fifth aspect of the
invention, the mammal is a “"reservoir" mammal. In a

15 particular enbodinent, the manmmal is a badger.

In the present application, wunless the context
demands otherwi se, references to tuberculosis should
be taken to refer to any tuberculosis, for exanple
20 hunman tuberculosis, non-human ani mal tubercul osis,
avian tuberculosis or a para-tuberculosis disease,

such as Johne's di sease.

Unl ess the context demands otherwi se (for exanple

25 where reference is nmade to an MPB70 antigen and a
pepl (MPB70) antigen within the sane context),
reference to an MPB70 antigen should be understood
to enconpass an MPB70 antigen having the sequence
shown as SEQ ID NO 6 or a pepl (MPB70) antigen

30 having the sequence shown as SEQ ID NGO 7, or both.
In one enbodi nent of the invention, the presence or

absence of an immune response to both an MPB70
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antigen having the sequence shown as SEQ ID NO 6
and a pepl (MPB70) antigen having the sequence shown
as SEQ ID NO 7 are determ ned. The conbi nation of
use of the pepl MPB70 peptide together with the
reconmbi nant MPB70 protein allows the identification
of antibodies to both linear and conformational

epi t opes .

Unl ess the context demands otherw se, reference to

Mycobacterium should be taken to refer to any

Mycobacterium In one enbodinment, the Mcobacterium
is Mycobacterium tuberculosis. In another enbodi nment
the Mycobacterium is Mycobacterium bovis. In another

enbodi ment, the Mycobacterium is Mcobacterium
avium In another enbodinment, the Mcobacterium is
Mycobact eri um paratuberculosis . In another

enbodi ment, the Mycobacterium is Mycobacterium

capr ae.

Any suitable biological sanmple may be used in the
nmet hods of the invention. Suitable biological
sanples include but are not limted to whole blood,
serum plasma, saliva, cerebrospinal fluid, urine

and tissue sanples.

In the nmethods of the invention, the presence of
particular antigens or an inmmune response thereto
may be determined using any nmeans known in the art,
either directly or indirectly. For exanple, in one
enbodi ment, the presence of the antigen in the
sanple is determned; alternatively or additionally

the presence of an antibody specific to said antigen
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i s determ ned; alternatively, or additionally, t he
presence of a nucleic acid encoding said antibody or

said antigen is determ ned.

5 The identification by the inventors of the

particular selection of nycobacterial antigens which
are particularly immunogenic, which are wdely
preval ent across geographi cal areas, and which
nor eover, cover each of the different stages of the

10 TB life cycle enables the use of these polypeptides
in the preparation of novel vaccines against
t uber cul osi s. Such vaccines should provide a

vaccinated aninmal with a sustained resistance to

i nfection
15
Accordi ngly, in a sixth aspect of the present
invention, there is provided a vaccine or
i mmunonodul at or for use in the vaccination of
manmmal s , wherein the vaccine conprises (i)an Rv3616
20 anti gen, (ii) an MPB70 antigen, (iii) an MPB70
linear epitope, for exanple PEPI (MPB70) (iv) an
MPB83 antigen, and (v) at least one of (a a CFPIO
antigen and (b) an ESAT 6 antigen.
25 In one enbodinent of the sixth aspect of the

i nvention, the vaccine does not conprise an ESAT 6
antigen. Optionally, the vaccine does not conprise a
mycobact eri al antigen other than the Rv3616 antigen,
MPB70 antigen, WMPB70 I|inear epitope, for exanple

30 PEPI (MPB70), MPB83 antigen, and CFPI O antigen
and/ or ESAT 6 antigen.
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G ven the denonstration of the high sensitivity of
detection of TB infection in reservoir animals such
as badgers when testing for the presence or absence
of, or an inmmune response to, MPB70, Rv3616c and
MPB83, it is believed that vaccines conprising at

| east these three antigens would be expected to have
a significant effect on protecting against TB

infection in such reservoir aninmals.

Thus, in a seventh aspect of the present invention,
there is provided a vaccine or inmunonodul ator for
reservoir animals, said vaccine or inmmunonodul ator

conprising an Rv3616 antigen, an MPB70 antigen, and
an MPB83 anti gen.

In one enbodi nent, the vaccine does not conprise a
nycobacterial antigen other than the Rv3616 antigen,
the MPB70 antigen, and the MPB83 antigen.

In an alternative enbodinent, the vaccine further
conprises a CFPI O antigen. |In such an enbodi ment,
the vaccine optionally does not conprise a
nycobacterial antigen other than an Rv3616 antigen,
an MPB70 antigen, an MPB83 antigen and a CFPl O

antigen.

In one enbodi nent of the sixth or seventh aspects of
the invention, the vaccine is a vaccine against

t uber cul osi s
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In an alternative enbodinent of the sixth or seventh
aspects of the invention, one or nore of said

pol ypeptides are used in a vaccine as an adjuvant.

5 In a eighth aspect of the invention, there is
provided a nethod of providing immunity in an animal
agai nst tubercul osi s, the nethod conprising
adm nistering to said animal a vaccine according to
the sixth aspect or the seventh aspect of the

10 i nventi on.

In a ninth aspect of the invention, there is

provided (i)an Rv3616 antigen, (ii) an MPB70

antigen, (iii) an MPB70 linear epitope, for example
15 PEPI (MPB70) (iv) an MPB83 antigen, and (v) at |east

one of (a) a CFPIO antigen and (b) an ESAT 6 antigen

for use in a vaccine against tuberculosis.

In a tenth aspect of the invention, there is

20 provided the use of (i)an Rv3616 antigen, (ii) an
MPB70 antigen, (iii) an MPB70 |inear epitope, for
exanple PEPI (MPB70) (iv) an MPB83 antigen, and (v)
at least one of (a a CFPIO antigen and (b) an ESAT
6 antigen in the preparation of a vaccine against

25 t uber cul osi s.

In an eleventh aspect of the invention, there is
provided an Rv3616 antigen, an MPB70 antigen, an
MPB83 antigen, and a CFPIO antigen for use in a

30 vacci ne against tuberculosis.
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In a twelfth aspect of the invention, there is
provided the use of an Rv3616 antigen, an MPB70
antigen, an MPB83 antigen, and a CFPIO antigen in

the preparation of a vaccine against tuberculosis.

In each of the ninth, tenth, eleventh and twelfth
aspects of the invention, the vaccine optionally

conprises no other nmycobacterial anti gens.

10 In an thirteenth aspect, the invention provides a
di agnostic kit for the diagnosis of the presence of
tuberculosis in a subject, said kit conprising:
(i)an Rv3616 antigen, (ii) an MPB70 antigen, (iii)
an MPB70 linear epitope, for exanple PEPI (MPB70)
15 (iv)y an MPB83 antigen, and (v) at least one of (a a

CFPI O antigen and (b) an ESAT 6 antigen.

In an enbodinment of the thirteenth aspect, the kit
further conprises at l|east one of an Rvl573 antigen,

20 an Rvl 580c antigen, and an RvlI585c antigen.

In a fourteenth aspect of the invention, there is
provided a diagnostic kit for the diagnosis of the
presence of tuberculosis in a biological sanple,
25 said kit conprising:
(i) an antibody nolecule wth binding specificity
for an Rv3616 antigen, (ii) an antibody nolecule
with binding specificity for an MPB70 antigen, (iii)
an antibody nolecule with binding specificity for an
30 MPB70 I|inear epitope, for exanple PEPI (MPB70) (iv)
an antibody nolecule with binding specificity for an

MPB83 antigen, and (v) at least one of (a an
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anti body nolecule with binding specificity for a
CFPI O antigen and (b) an antibody nolecule wth

bi nding specificity for an ESAT 6 antigen.

In one enbodiment of the fourteenth aspect, the kit
does not conprise an antibody nolecule wth binding
specificity for any mycobacterial antigen other than
for a Rv3616 antigen, an MPB70 antigen, an MPB70

i near epitope, for exanple PEPI (MPB70), an MPB83
antigen, a CFPlO antigen or an ESAT 6 antigen.

In an enbodi nent of the fourteenth aspect, wherein
the kit conprises (a) an antibody nolecule wth

bi nding specificity for a CFPIO antigen, but does

not conprise (b) an antibody nolecule wth binding

specificity for an ESAT-6 antigen.

In an enbodi nent of the fourteenth aspect, the kit
further conprises at |east one of the antibody

nol ecul es selected from the group consisting of an
anti body nolecule with binding specificity for an
Rvl 573 antigen, an antibody nolecule w th binding
specificity for an Rvl580c antigen, and an antibody
nol ecule with binding specificity for an Rvl585c

anti gen.

In a fifteenth aspect of the invention, there is
provided a diagnostic kit for the diagnosis of the
presence of tuberculosis in a reservoir animl such
as a badger, said kit conprising an Rv3616 antigen,
an MPB70 antigen, and an MPB83 antigen.
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In one enbodi nent, the diagnostic kit further
conprises a CFPl O antigen. |In another enbodinent,
the kit does not conprise another mycobacteri al

antigen.

In a sixteenth aspect of the invention, there is
provi ded a diagnostic kit for the diagnosis of the
presence of tuberculosis in a biological sanple from
a reservoir animal such as a badger, said kit
conprising: an antibody nolecule w th binding
specificity for an Rv3616 antigen, an antibody

nol ecule with binding specificity for an MPB70
antigen, and an antibody nolecule wth binding

specificity for an MPB83 antigen.

In one enbodi nent of the sixteenth aspect of the
invention, the diagnostic kit further conprises an
anti body nolecule with binding specificity for CFPIO
antigen. |In another enbodinment, the kit does not
conpri se an antibody nolecule w th binding
specificity for a nycobacterial antigen other than
for a Rv3616 antigen, a MPB70 antigen, or a MPB83
antigen. |In another enbodinment, the kit does not
conpri se an antibody nolecule w th binding
specificity for a nycobacterial antigen other than
for a Rv3616 antigen, a MPB70 antigen, a MPB83
antigen, or a CFP-10 antigen.

Preferred features of each aspect of the invention
are as for each of the other aspects nutatis

mut andi s .
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Det ai |l ed Description

Pol ypepti des, Variants and Fragnents

As described above, the inventors have identified a
nunber of tuberculosis antigens which may be used in
the diagnosis of tuberculosis, the differentiation
between strains of Mcobacteria, and/or preparation
of vaccines. The pol ypeptide sequences for each of
these antigens are provided in Table 1. In one
enbodi nent of the invention, the full |ength antigen

sequences are used.

In one enbodi nent of the invention, the antigens for
use in the invention consist of polypeptides
consisting of the am no acid sequence shown as any

one of SEQ ID NO:I to SEQ ID NO 16.

However, the present invention is not limted to the
use of polypeptides having such specific sequences
of the polypeptides or disclosed herein but also
extends to fragnents or variants of such full Iength
pol ypepti des. Thus, unless the context denmands

ot herwi se, where reference is made to an Rv3616¢c
antigen, it should be understood to enconpass an
Rv3616¢c antigen consisting of the amno acid
sequence shown as SEQ ID NO 1, or a variant or
fragnment thereof, where reference is made to an
MPB70 antigen, it should be understood to enconpass
an MPB70 antigen consisting of the amno acid
sequence shown as SEQ ID NO 7, or a variant or

fragnment thereof, where reference is made to an
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MPB83 antigen, it should be understood to enconpass
an MP83 antigen consisting of the amno acid
sequence shown as SEQ ID NO 8, or a variant or
fragnent thereof, where reference is made to an
ESAT6 antigen, it should be understood to enconpass
an ESAT6 antigen consisting of the amno acid
sequence shown as SEQ ID NO 9, or a variant or
fragnent thereof, where reference is made to a CFP-
10 antigen, it should be understood to enconpass an
CFP-10 antigen consisting of the am no acid sequence
shown as SEQ ID NO 10, or a variant or fragnment

t hereof, where reference is made to a Rvl573
antigen, it should be understood to enconmpass an

Rvl 573 antigen consisting of the am no acid sequence
shown as SEQ ID NO 14, or a variant or fragnent
thereof, where reference is made to a Rvl580c
antigen, it should be understood to enconmpass an

Rvl 580c antigen consisting of the amno acid
sequence shown as SEQ ID NO 15, or a variant or
fragment thereof, where reference is nmade to a

Rvl 585c antigen, it should be understood to
enconpass an RvlI585c antigen consisting of the am no
acid sequence shown as SEQ ID NO 16, or a variant

or fragnent thereof

For exanple, wth respect to Rv3616c, specific
exanpl es of particular fragnents which my be used
are provided as SEQ ID NOs 2-5. Likewise, wth
respect to CFP-10Q, specific exanples of particular
fragnents which may be used are provided as SEQ ID
NOCs 10-13. Variant polypeptide sequences in which

one or nore amno acid residues are nodified may
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al so be used as the pol ypeptides/antigens in the

i nvention. For exanple such variants may be useful
in the preparation of vaccines or the raising of
anti bodies which my be used in kits of the
invention. Mdifications my involve insertion,
addition, deletion and/or substitution of one or
nore amino acids. The nodified amino acid residues
in the amno acid sequences of the variant are
preferably 30% or less, nore preferably 20% or |ess,
nmost preferably 10% or less, within the entire

pol ypeptide. Such variants may be provided using the
teaching of the present application and techniques
known in the art. Preferably such variants involve
the insertion, addition, deletion and/or
substitution of 15 or fewer amno acids, nore
preferably of 10 or fewer, even nore preferably of 5
or fewer, mnost preferably of 1 or 2 amino acids

only.

Amino acid substitutions which do not essentially
alter biological and immunol ogical activities, have
been described, e. g. by Neurath et al in "The
Protei ns" Acadenmc Press New York (1979) . Anino acid
repl acenments between related amino acids or

repl acenments which have occurred frequently in
evolution are, inter alia, Ser/Ala, Ser/Ay, Asp/Qy,
Asp/ Asn, |1 e/ Val (see Dayhof, M. D. , Atlas of
protein sequence and structure, Nat. Bioned. Res.
Found. , Washington bD. C , 1978, vol. 5, suppl . 3).
O her amno acid substitutions may include but are

not limted to Asp/du, Thr/Ser, Ala/dy, Alal/Thr,
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Ser/Asn, Al a/Val, Thr/Phe, A a/Pro, Lys/Arg, Leu/lle,
Leu/Val and Al a/Qd u.

In preferred enbodinents , a variant or fragnent

5 retains the inmmune reactivity of the polypeptide
having the amino acid sequence shown as any one of
SEQ ID NO:1 to SEQ ID NO 16, of which it is a

variant or fragnment.

10 For the avoi dance of any doubt, in the present
application, where reference is nmade to the presence
of two or nore antigens selected froma list, it

shoul d be understood that reference is being made to

two or nore different antigens i.e. each having a
15 different am no acid sequence.
Furthernore, for the avoidance of any doubt, in the

present application, unless the context demands
otherwi se, where reference is nade to the
20 determ nation of the presence or absence of two or
nore pol ypepti des/antigens selected from a list, or
the presence or absence of an inmune response
thereto, it should be understood that such a
statenment enconpasses the determnation of the
25 presence or absence of two or nore of said
pol ypepti des/antigens selected from the list or the
determ nation of the presence or absence of an
i mune response to two or nore of said
pol ypepti des/antigens or indeed a m xture thereof
30 i.e. the determination of the presence or absence of
one or nore polypeptides/antigens selected from the

list conbined with the determ nation of an inmmune
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response to one or nore other polypeptides/antigens

selected from the 1|ist.

Furthermore for the avoidance of any doubt, where
5 reference is made to MPB70 or variants thereof and
pepl (MPB70) together, pepl (MPB70) should not be

consi dered as an MPB70 vari ant.

Ant i body nol ecul es

10
In the context of the present invention, an
"anti body nolecule" should be understood to refer to
an i munoglobulin or part thereof or any polypeptide
conprising a binding domain which is, or is

15 honol ogous to, an antibody binding domain.
Antibodies include but are not limted to
pol ycl onal, nonoclonal, nonospecific, polyspecific
anti bodies and fragnents thereof and chineric
anti bodies conprising an inmunoglobulin binding

20 domain fused to another polypeptide.
Intact (whole) antibodies conprise an inmunogl obulin
nol ecul e consisting of heavy chains and |ight
chains, each of which carries a variable region

25 designated VH and VL, respectively. The variable
region consists of three conplenentarity determ ning
regions (CDRs, also known as hypervariable regions)
and four framework regions (FR) or scaffolds. The
CDR forms a conplenentary steric structure with the

30 antigen nolecule and determnes the specificity of

t he anti body.
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Fragnents of antibodies may retain the binding
ability of the intact antibody and may be used in
pl ace of the intact antibody. Accordingly, for the
purposes of the present invention, unless the
context denmands otherwise, the term "anti bodi es"
should be understood to enconpass antibody
fragments. Exanples of antibody fragnments include

Fab, Fab', F(ab')2, Fd, dAb, and Fv fragnents,

scFvs, bispecific scFvs, diabodies, linear
anti bodies (see US patent 5,641,870, Exanple 2 ;
Zapata et al ., Protein Eng 8 (10): 1057-1062

[1995]); single-chain antibody nolecules; and
mul tispecif ic antibodies forned from antibody

fragnments .

The Fab fragment consists of an entire L chain (VL
and CL), together with VH and CH . Fab' fragments
differ from Fab fragnents by having an additional
few residues at the carboxy termnus of the CH
domain including one or nmore cysteines from the

anti body hinge region. The F(ab')2 fragnment
conmprises two disulfide I|inked Fab fragnments. Fd
fragments consist of the VH and CH domains. Fv
fragments consist of the VL and VH dommins of a
single antibody. Single-chain Fv (scFv) fragnents
are antibody fragments that conprise the VH and VL
domai ns connected by a linker which enables the scFv
to form an antigen binding site (see Pluckthun in
The Pharnmacol ogy of Monocl onal Antibodies, vol. 113,
Rosenburg and More eds ., Springer-Verlag, New Yor Kk,
pp. 269-315 (1994) . Diabodies are small antibody

fragments prepared by constructing scFv fragnents
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with short Ilinkers (about 5-10 residues) between the
VH and VL domains such that inter-chain but not
intra-chain pairing of the V domains is achieved,
resulting in a multivalent fragnent, i.e. a fragment
having two antigen-binding sites (see, for exanple,
EP 404 097; WO 93/11161; and Hollinger et al ., PNAS.
USA, 90: 6444-6448 (1993)).

Furt her enconpassed by fragments are individual

CDRs. The CDRs nmy be carried on a framework
structure conprising an antibody heavy or |ight
chain sequence or part thereof. Preferably such
CDRs are positioned in a location corresponding to
the position of the CDR (s) of naturally occurring VH
and VL domai ns. The positions of such CDRs may be
determined as described in Rabat et al, Sequences of
Proteins of | nmunol ogical Interest, US Dept of
Health and Human Services, Public Health Service,
Nat'l Inst, of Health, NH Publication No. 91-3242,
1991 and online at ww. kabat dat abase. com

http ://imuno .bme .nw .edu. Furthernore,

nodi fications nay alternatively or additionally be
made to the Franework Regions of the variable

regi ons. Such changes in the framework regions nmay
i nprove stability and reduce immnogenicity of the

ant i body.

The antibody nmolecules for use in the present

i nvention extend, for example, to any other antibody
which specifically binds a polypeptide identified
herein as inducing a strong inmune response i.e. an

anti body nolecule which retains binding specificity
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for a polypeptide consisting of amno acid sequence

shown as any one of SEQ ID NGs :1 to 16.

Anti body nolecules for use in the invention herein
include "chinmeric" antibodies in which a portion of
the heavy and/or light chain is identical wth or
honol ogous to corresponding sequences in antibodies
derived from a particular species or belonging to a
particular antibody class or subclass, while the
remai nder of the chain(s) is identical wth or

honol ogous to corresponding sequences in antibodies
derived from another species or belonging to another
anti body class or subclass, as well as fragnents of
such antibodies, so long as they exhibit the desired
bi ol ogi cal activity (see US 4,816,567; and Morrison
et al., PNAS. USA, 81 6851-6855 (1984)). Chineric
anti bodies of interest herein include "primtized"
anti bodies conprising variable domain antigen-

bi ndi ng sequences derived from a non-human

primate (e.g. Od Wrld Mnkey, Ape etc), and hunman

const ant regi on sequences.

Anti body nolecules for use in the present invention
may be produced in any suitable way, either
naturally or synthetically. Such nethods nmay
include, for exanple, traditional hybridonma
techniques (Kohler and MIstein (1975) Nature, 256
:495-499), reconbinant DNA techniques (see e.g. US
4,816, 567), or phage display techniques using
antibody Ilibraries (see e.g. Cackson et al. (1991)
Nature, 352: 624-628 and Marks et al. (1992) Bio/
Technol ogy, 10: 779-783). Qher antibody production
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techni ques are described in Antibodies: A Laboratory
Manual, eds. Harlow et al ., Cold Spring Harbor
Labor at orvy, 1988.

Tradi tional hybridoma techniques typically involve
the imunisation of a nouse or other animal wth an
antigen in order to elicit production of |ynphocytes
capable of binding the antigen. The [|ynphocytes are
isolated and fused with a nyeloma cell line to form
hybridonma cells which are then cultured in
conditions which inhibit the growh of the parental
myelona cells but allow growh of the antibody
produci ng cells. The hybridoma nmay be anenable to
genetic nmutation, which may or nmay not alter the

bi nding specificity of antibodies produced.

Synthetic antibodies can be made using techniques
known in the art (see, for exanple, Knappik et al,
J. M. Biol. (2000) 296, 57-86 and Krebs et al, J.
| munol . Meth. (2001) 2154 67-84).

Modi fications nmay be made in the VH VL or CDRs of
the antibody nolecules, or indeed in the FRs using
any suitable technique known in the art. For
exanple, wvariable VH and/or VL domains may be
produced by introducing a CDR e.g. CDR3 into a VH
or VL domain lacking such a CDR Marks et al.
(1992) Bio/ Technology, 10: 779-783 describe a
shuffling technique in which a repertoire of VH
variable domamins lacking CDR3 is generated and is
then conbined with a CDR3 of a particular antibody
t o produce novel VH regions. Using analogous

techni ques, novel VH and VL donmins conprising CDR
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derived sequences of the present invention my be

produced.

Al'ternative techniques of producing antibodies for
5 use in the invention may involve random nutagenesis
of gene(s) encoding the VH or VL domain using, for
exanple, error prone PCR (see Gram et al, 1992, PNAS
89 3576-3580. Additionally or alternatively, CDRs
may be targeted for nutagenesis e.g. using the
10 nol ecul ar evol ution approaches described by Barbas
et al 1991 PNAS 3809-3813 and Scier 1996 J Ml Biol
263 551-567. Having produced such variants,
anti bodies and fragnments they may be tested for
binding to a Mycobacterium for exanple

15 Mycobact eri um bovi s.

The antibodies for use in the invention may conprise

further nodifications. For exanple the antibodies
can be glycosylated, pegylated, or linked to albumn
20 or a nonproteinaceous polyner.

The antibody nolecules for use in the invention nay
be | abelled. Label s which may be used include
radi ol abel s, enzynme |abels such as horseradish

25 per oxi dase or al kaline phosphatase, or biotin.

Nucl eic Acid

Nucleic acid for use in the present invention may

30 conprise DNA or RNA It may be produced

reconbi nantly, synthetically, or by any means
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available to those in the art, including cloning

usi ng standard techniques.

The nucleic acid may be inserted into any
5 appropriate vector. |In one enbodinment the vector is
an expression vector and the nucleic acid is
operably linked to a control sequence which is
capabl e of providing expression of the nucleic acid
in a host cell. A variety of vectors may be used.
10 For exanple, suitable vectors may include viruses
(e. g. vaccinia virus, adenovirus, etc.),
bacul ovirus) ; yeast vectors, phage, chronosones,

artificial chromosones, plasmids, or cosm d DNA

15 The vectors mmy be used to introduce the nucleic
acids into a host cell. A wide variety of host cells
may be used for expression of the nucleic acid.

Suitable host cells for use in the invention may be

prokaryotic or eukaryotic. They include bacteria,
20 e.g. E. coli, yeast, insect cells and mamali an
cells. Manmalian cell lines which may be used

i nclude Chinese hanster ovary cells, baby hanster
ki dney cells, NSO nouse nelanoma cells, nonkey and
human cell lines and derivatives thereof and many

25 ot hers.

A host cell strain that nodulates the expression of,
nodifies, and/or specifically processes the gene
product may be used. Such processing may involve

30 gl ycosylation, ubiquitination, disulfide bond
formati on and general post-translational

modi fication
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For further details relating to known techniques and
protocols for manipulation of nucleic acid, for
exanple, in preparation of nucleic acid constructs,

5 mut agenesi s, sequencing, introduction of DNA into
cells and gene expression, and analysis of proteins,
see, for exanple, Current Protocols in Mlecular
Bi ol ogy, 5th ed., Ausubel et al. eds., John Wley &
Sons, 2005 and, Mol ecular doning: a Laboratory

10 Manual :  3rd edition Sanbrook et al., Cold Spring
Har bor Laboratory Press, 2001.

Di agnostic Methods, Assays and Kits

15 The invention may be used in the diagnosis of a
variety of conditions and disorders associated wth
t uber cul osi s. These include infection wth
Mycobacteri um bovis, Mcobacterium avium and hunman
nycobacterium and para-tubercul osis diseases such as

20 Johne's di sease.

In using the nethods of the invention to identify
the infection with a mycobacteri al strain, either as
current or previous infection, the presence or

25 absence of immunogenic polypeptides, or the presence
or absence of an imune response to said
pol ypeptides is determned from a biological sanple.
Any suitable biological sanple may be used. For
exanple, the biological sample may be a bi ol ogical

30 fluid, such as sputum saliva, plasma, blood, urine

or sperm or a tissue, such as a biopsy of a tissue.
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Di agnostic and assay neans of detecting the presence

of pol ypeptides or inmmune responses to said

pol ypeptides are known in the art. For exanple, the

presence of the polypeptides may be detected by use

5 of antibodies specific to said polypeptides.

Alternatively, using standard techniques in the art,

the presence of nucleic acids encoding the

pol ypeptide or indeed an antibody specific to said

pol ypeptide nmay be used. Further, the presence of
10 anti bodies specific to said polypeptides may be used

to determ ne the presence of an imune response to

sai d pol ypepti de.

Techni ques which may be enployed include but are not

15 l[imted to ELISA, | munohistochem stry, El ectron
M croscopy, Latex agglutination, Imuno Blotting,
i mmunochr omat ogr aphy, i munochi ps, lateral flow

i mmunoassays and Dip Stick Inmuno testing.

20 The ELISA test (enzyne |inked imrunoenzymatic assay)
is frequently used for serological diagnosis. This
nethod allows the identification and quantification
of antigens or antibodies in biological fluids. The
conventional ELISA consists in the detection of the

25 conpl ex antibody-antigen by a second antibody
(against the antibody that reacts with the antigen)
conjugated to an enzymatic activity (peroxidase,

al kal i ne phosphatase and others) .

30 In the latex agglutination assay, the antigen
preparation is affixed to |latex beads. The

bi ol ogical sample is then incubated directly on a
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slide with the latex particles. In a short tinme the

reaction is exanined for the presence of cross-

linked, or agglutinated, latex particles indicating
the presence of antibodies to polypeptides in the
sampl e.

| mmunochips nmay used to determine the presence of
the specific Mcobacterium antigens. Generally, the

specific antibodies to the antigens are inmobilised

on a transducer, e.g. electrodes, caloric neter,
pi ezoelectric crystal, surface plasnmon resonance
t ransducer, surface acoustic resonance transducer or

other |light detecting device. The binding of
antigens in the biological sanple to the immobilised
specific antibody is detected by a change in

el ectric signal.

As described above, the presence of imrunogenic
antigens may be detected by detecting nucleic acids
encoding the antigen or encoding antibodies raised
agai nst the antigen. Such techniques are well known
in the art. For exanple, where large amounts of DNA
are available, genonmic DNA nay be used directly.

Al ternatively, the region of interest is cloned into
a suitable vector and grown in sufficient quantity
for analysis. The nucleic acid nay be anplified by
conventional techniques, such as the polynerase

chain reaction (PCR) (Saiki, et al. (1985) Science

239: 487). Primers may be used to anplify seguences
encoding the polypeptide of interest. Optionally, a
detectable I|abel, for exanple a fluorochroneg, biotin

or a radioactive label may be used in such an
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anplification reaction. The |abel may be conjugated
to one or both of the prinmers. Alternatively, the
pool of nucleotides wused in the amplification is
| abel ed, so as to incorporate the label into the

5 anplification product.

The sanple nucleic acid, e.g. anplified or cloned
may be anal ysed using any suitable nethod known in
the art. For exanple, the nucleic acid may be

10 sequenced by dideoxy or other methods, and the
sequence of bases conmpared to the deleted sequence.
Hybridization wth the variant sequence may also be
used to determne its presence, by Southern blots,
dot blots, etc. The hybridization pattern of a

15 control and variant sequence to an array of
ol i gonucl eotide probes inmmobilized on a solid
support, as described in W®O5/35505, my be used as

a means of detecting the presence or absence of a

sequence .
20

In one enbodinment, the kit contains an antigen

preparation prepared as described above and then

fixed onto a solid support for use in a serol ogical

assay. The kit may also contain an explanatory note
25 on how to proceed.

In one enbodinent, the assay is in a dip stick or

test strip format. Such assays typically enploy a

solid support nmedium which is able to bind target
30 substances such as proteins, for exanple protein

anti gens. In use, the test strip is exposed to a

sanple, for exanple serum such that antibodies in
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the serum may bind target substances such as
antigens on the test strip. After washing, the dip
stick/test strip is exposed to a |labelled probe
whi ch binds the bound antibody of interest, wth

5 binding typically visualised by nmeans of further
i ncubation with a visualisable substrate, for

exanpl e a chronogenic substrate.

In a further enbodinent, the assay of the invention

10 is provided as a lateral flow inmunoassay. Such
devices are well known in the art. Lateral flow
i mmunoassay devices typically enploy a m croporous
element along which a sanple may flow laterally, the
device having a capture region for binding an

15 analyte of interest in the sanple. Generally, the
| ateral flow device has an application zone, to
which a sanple is applied, a conjugate zone,
containing a nobile reporter conjugate, which is
typically a visually observable reporter e.g.

20 colloidal gold conjugated to an antibody directed
against the analyte and a capture region conprising
a capture agent which binds the analyte. In use,
the sanple is applied to the application zone and
flows along a strip to a first region, at which the

25 reporter conjugate binds the analyte. Thereafter,
novenent of the reporter conjugate/analyte conplex

to the capture region results in capture of the

conplex at that region. Unconpl exed reporter
conjugate does not bind at the capture region. By
30 determ ning the anmount of visually detectable signal

at the capture region, the presence of analyte in a
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sanmple may be determ ned. Variants of such kits are

well known in the art.

In one enbodi nent of the invention, the nethods,

5 assays and kits of the invention conprise or use an
assay in which the presence or absence of a nunber
of antigens or an inmmune response thereto is
anal ysed simultaneously, i.e. using a nultiplex
based assay. Any suitable nultiplex assay may be

10 used. For exanple, arrays of different tuberculosis
antigens may be provided in mcroplate wells and a
sample mxed with reporter antibodies in the wells.
O her multiplex based nmethods may involve protein
arrays placed on a matrix, wth the response to

15 i ndi vidual proteins on the solid-phase array
assayed. The use of such multiplex techniques
enables the rapid identification of the presence or
absence of a plurality of target antigens (or
anti bodies) during a single run of the analysis. A

20 suitable nultiplex system which may be used is that
described by Welan et al (dinical and Vaccine
| munol ogy, 2008, 1834-1838) .

The inventors have developed a nultiplex technique

25 in which a plurality of different antigens, for
exanple up to 25, are spotted in a single well of a
96 well plate. The inventors have shown that high
sensitivity of reaction with each of the antigens
tested was possible in the nmultiplex reactant

30 m xture despite the necessary requirement of a
single buffer being used for each of the plurality

of antigen- antibody reactions in a single well.
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Using such a plate, up to 96 sanples, each from a
different animal, my be tested on a single plate
with the each sanples reactivity wth each of the
5 antigens neasured simultaneously. Such a technique
therefore enables the rapid analysis of infection
with, for exanple, tuberculosis, in a large nunber

of animals sinultaneously.

10 Moreover, the inventors have surprisingly found that
the advantages of such a system for the
determ nation of tuberculosis infection is not just
wWith respect to the convenience of being able to
test nmany different antigens in many different

15 sanpl es simultaneously. The inventors have also
dermonstrated that the multiplex platform provided
hi gher sensitivity and specificity than that
obtai ned using conventional assays such as lateral

fl ow assays and ELI SA

20
Accordi ngly, in a further aspect of the invention,
there is provided a nultiplex nethod of diagnosis of
tuberculosis in an aninmal, the nmethod conprising the
steps :

25 providing a substrate on which is imobilised a
plurality of different antigens, wherein said
antigens conprise (i)an Rv3616 antigen, (ii) an
MPB70 antigen, (iii) an MPB70 |inear epitope, for
exanple PEPI (MPB70) (iv) an MPB83 antigen, and (v)

30 at least one of (a a CFPIO antigen and (b) an ESAT

6 antigen,
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bringing into contact with said substrate a

bi ol ogical sanple from an aninmal,

identifying the presence or absence of binding of
antibodies from said sanple with said antigens,
wherein the determination of binding is indicative
of the presence of tuberculosis infection in the

ani mal

In one enbodi nent, the substrate is a mcroplate.

In one such enbodinent, a plurality of different
antigens are immobilised in a single well of a
plate. In one enbodinent of this aspect of the

invention, the plurality of antigens conprises (i)an
Rv3616 antigen, (ii) an MPB70 antigen, (iii) an
MPB70 I|inear epitope, for exanmple PEPI (MPB70) (iv)
an MPB83 antigen, and (v) at least one of (a) a

CFPI O antigen and (b) an ESAT 6 antigen or fragnents

or variants thereof.

In a further aspect of the invention, there is
provided a multiplex nmethod of diagnosis of
tuberculosis in an aninmal, the nmethod conprising the
steps :

providing a substrate to which is attached a
plurality of different antibody nolecules, wherein
said antibody nplecules conprise i) an antibody

mol ecule with binding specificity for an Rv3616
antigen, (ii) an antibody nolecule wth binding
specificity for an MPB70 antigen, (iii) an antibody
mol ecule with binding specificity for an MPB70
linear epitope, for exanple PEPI (MPB70) (iv) an

anti body nolecule with binding specificity for an
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MPB83 antigen, and (v) at least one of (a an
anti body nmolecule with binding specificity for a
CFPI O antigen and (b) an antibody nolecule wth

bi nding specificity for an ESAT 6 antigen;
bringing into contact with said substrate a

bi ol ogi cal sample from an animal,

identifying the presence or absence of binding of
antigens from said sanple with said antibody

nmol ecul es,

wherein the deternmination of binding is indicative
of the presence of tuberculosis infection in the

ani mal

In one enbodi nent, the substrate is a microplate.

In one such enbodi nent, a plurality of different

anti body molecules are immobilised in a single well
of a plate. In one enbodinent of this aspect of the
invention, the plurality of antibodies conprises i)
an antibody nolecule with binding specificity for an
Rv3616 antigen, (ii) an antibody nmolecule wth

bi nding specificity for an MPB70 antigen, (iii) an
anti body molecule with binding specificity for an
MPB70 I|inear epitope, for example PEPI (MPB70) (iv)
an antibody nolecule with binding specificity for an
MPB83 antigen, and (v) at least one of (a an

anti body nmolecule with binding specificity for a
CFPI O antigen and (b) an antibody nolecule wth

bi nding specificity for an ESAT 6 antigen..

The kit can be used to perform the nethods of the

i nvention described above.
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Vaccines

As descri bed above, the present invention also
extends to vaccines for use in protecting against

tubercul osis and tubercul osi s-associ ated di seases.

One way of making a vaccine according of or for use
in the invention is by biochemcal purification of

t he i munogeni c pol ypeptides from bacteri a.

Alternatively, expression products of the genes
encodi ng the polypeptides according to the invention
may be used in vaccines. Such vaccines based upon
the expression products of these genes can easily be
made by adm xing one or nore proteins with a

pharmaceutically acceptable carrier.

Alternatively, a vaccine according to the invention
can conprise live reconbinant carriers, capable of
expressing the pol ypeptides according to the

i nvention .

Vacci nes described above all contribute to active
vaccination, i.e. the host's inmmune system is
triggered by one or nore proteins according to the
invention or inmunogenic fragnents thereof, to nmake

anti bodi es agai nst these proteins.

Alternatively, such antibodies can be raised in e.g.
rabbits or can be obtained from antibody-producing
cell lines. Such antibodies can then be adm ni stered

to the host animal. This nethod of vaccinati on,
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passive vaccination, is the vaccination of choice
when an animal is already infected, and there is no
tine to allow the natural imune response to be
triggered. It is also the preferred nethod for

5 vacci nating i mmune-conprom sed aninals.

Therefore, one other form of this enbodi ment of the
invention relates to vaccines conprising antibodies
agai nst one or nore of the inmmnogenic polypeptides

10 used in the invention.

An alternative and efficient way of vaccination is
direct vaccination with DNA encoding the relevant
antigen. Direct vaccination with DNA encodi ng

15 proteins has been successful for many different
proteins. (As reviewed in e. g. Donnelly et al. |,
The | nmunol ogi st 2:20-26(1993)). Therefore, stil
other fornms of this enbodi nent of the invention
relate to vaccines conprising nucleic acid seguences

20 encodi ng a polypeptide as used in the invention or
i mmunogeni ¢ fragnments thereof, and to vaccines
conprising DNA fragnments that conprise such nucleic

aci d sequences.

25 Still other forns of this enbodinment relate to
vacci nes conprising reconbinant DNA nol ecul es

according to the invention.

DNA vaccines can easily be admnistered through
30 intradermal application e. g. using a needle-|ess

i njector .
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Vaccines according to the present invention may
conprise a pharmaceutically acceptable carrier e. g.
sterile water, a sterile physiological salt

solution, or a buffer, and may also contain an

5 adj uvant .

The invention will now be described further in the

followng non-limting exanples.

10 Example 1

The inventors have identified a panel of proteins

capable of strain identification (Table 1).

15 Met hodol ogy Mul ti pl ex Assays

Serum sanpl es

Serum sanples used in the study were obtained from

several sources. Bl ood sanples were taken into

20 serum tubes (Vacuette, serum clot activator tubes,
G einer-bio-one) , transported at room tenperature
and then stored at 2-8 OC until processing.

Foll ow ng centrifugation (3000, 30 minutes at 2-
80c) the serum was renoved, aliquoted and stored at

25 -200c.

Two sets of sera were obtained, one from a negative

sanpl e bank including sera from herds of animals

with a known history of being free of Mov. A third
30 group of sera were collected from animals that were

proven to be positive for Mv infection at the tine
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of slaughter based on subsequent

hi st opat hol ogi cal /bacteri ol ogi cal exam nation

The fourth set of serum sanples was part of an
infectivity study. The aninmals were non-vacci nated
and challenged via the intra-tracheal route with a
| ow dose of a virulent strain of NMov (approximately
5,000 CrU). Sera were collected prior to challenge
and then at 2, 5, 10 and 17 weeks post infection
(Pl) (data not shown) . A single intradernal
conmparative cervical tuberculin test (SICCT) was
carried out prior to challenge and also during week
15 PI. All animals in the study had |esions typical
of a TB infection, and all animals at 17 weeks Pl

were culture positive for Mov.

Preparation of antigens

The genes encoding different TB proteins were
expressed in E. coli as Ntermnal polyhistidine-
tagged (6X HIS) fusion proteins by Fusion Antibodies
Ltd. (Belfast) wusing the Fusion Expression
Technology (FET) platform Reconbi nant proteins
were purified and polished to near honobgeneity by
using Fusion Antibodies Ltd. three-step

chromat ographic protocol. SDS- PAGE and western bl ot
analysis were perforned on all purified and polished
reconbinant TB proteins to confirm their |level of
purity was greater than 99% Synthetic peptides
were synthesised by Genosphere Biotechnol ogi es
(France) to a purity of >80% (RP-HPLC at 220nn)
Amino acid residues were added to peptides to

enhance the hydrophilicity of the peptides.
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Lyophilised peptides were re-constituted to 2nmg/mn
in sterile phosphate buffer saline pH 7.4 (Sigm
Aldrich, Dublin) and aliquots were prepared and
stored at -200Cc. Antigen quantification was

5 performed wusing the mcro BCA™ protein assay Kkit

(Pierce, Rockford, 1IL)

Mul tiplex Antigen printing

Antigens wused in the study were printed in each well

10 of a black polystyrene 96 well plate in a nmultiplex
pl anar array format by Quansys Biosciences, (Logan,
Ur) . Optimzation of the antigen printing was
carried out in conjunction wth Enfer. Plates were

printed by Quansys Biosciences, (Logan, UuT) and
15 testing of plates was carried out at Enfer
Scientific (Naas, Ireland) . Buf fer nediated
alterations in spot deposition and norphology were
exam ned at Quansys Biosciences using an Al pha
I nnotech 8900 inmager workstation and a N kon D aphot
20 ELWD phase contrast inverted m croscope. The
effects of differing buffers used for spotting were
screened for differential responses at Enfer. The
buffer selected gave the optimal pixel intensity
response with the optimal spot size/norphology on
25 the plates. Antigen coating concentrations
optim zation was carried out at Enfer Scientific
(Naas, Ireland) using a series of coating titrations

printed by Quansys Biosciences in the optimzed

printing buffer. Panel s of antigens were printed
30 using the optimzed printing protocol and buffers
and were used for sanple testing. Al plates were

shipped and stored at 2-80c. Plates were allowed to
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warm to room tenperature for 30 minutes prior to

use .

Mul ti pl ex i mmunoassay net hod

The assay nmethod was devel oped in-house at Enfer
Scientific (Naas, Ireland) . Serum sanples were

diluted 1:250 into sanple dilution buffer (Enfer

Buffer A, Enfer Scientific, Naas, Ireland) and

m xed. 30pl of sanple was added per well. Sanpl e
dilution and plating was carried out using the
automated pipettor Tecan Cenesis RSP 150. The plates
were incubated at room tenperature wth agitation
(900 rpm for 30m nutes. The plates were washed
with IX Enfer Wash Buffer (Enfer Scientific,

Ireland) six tines and aspirated. The detection

anti body (polyclonal rabbit anti-bovine

i mmunogl obulin -HRP, Dako, Dennmark) was prepared to
a dilution of 1:3000 in detection antibody dilution

buffer (Enfer Buffer B, Enfer Scientific, Naas,

Ireland) . After addition of 30ul of the detection
antibody to test wells, the plates were incubated at

room tenmperature for 15 mnutes with agitation (900

rpn . The plates were washed as above and 30ul of
substrate (50:50 dilution of substrate and diluent)

added per well (Chem lunmenscent substrate and

di luent, Quansys Biosciences, Logan, Utah) . Signals
were captured over a 45 second exposure tinme using

Quansys Biosciences |Imaging system (Quansys

Bi osci ences, Logan, Utah) . Il mmges were saved as CR2
i mge files. Data were extracted from the captured

i mges using the Quansys Q View Software™ Version

2.0. The data were compiled and analysed in a
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custom nade nmacro in Mcrosoft Excel (Enfer

Multiplex Macro, Version 1.0.1.0)

Devel opnent of the nultiplex chem | um nescent ELISA
Prelimnary studies were conducted to optimze and
obtain uniform binding of each antigen using a
fluorescent tag. Following optimzation of
spotting, tests were performed to determine lot to
lot variability in pixel intensity at Quansys

Bi osci ences based on the fluorescent tag
incorporated into the printing buffer. Plates were
tested and evaluated by Enfer for signal variation
using a panel of serum sanples. Testing of the
plates with the detection antibody, wth and w thout
sera from a panel of control sera from uninfected
cattle, showed that background noise in the system
in areas of the surface not coated with antigens was
on an average 779.3 relative light units (RLU)
Optinmisation of the printing concentration for all
antigens was carried out on a series of plates
printed based on a cohort of control sera. Opt i mal
printing concentrations were determined and used in
subsequent testing. Buf fers, blocking agents and
assay conditions were further optimsed on the
multiplex assay as well as optinisation of the
exposure tinme for signal capture. The opti mal
exposure tine was determined to be 45 seconds, this
giving the best signal to noise ratios with a cohort
of sanples with varying signal intensities (data not

shown)
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A total of 1489 TB negative and 522 TB positive

animal sera were screened against the antigens

listed in Table 1. The individual specificity and

sensitivity of all antigens were cal culated based on
5 a range of cut offs before selecting individual

t hresholds for each individual antigen. The

i ndi vidual sensitivities of the antigens ranged from

5.4 - 95.0 %while individual specificities ranged

from 69.1 - 99.1% Cal culation of results was based

10 on a conbinational approach to the data analysis on

results from all antigens for each sanple.

Example 2 Identification of Panel of Antigens for
Di agnosis of TB in bovi dae
15
The inventors analysed antigen expression from 447
cattle, which had been confirnmed TB positive by
hi st opat hol ogy and cul ture nethods, using 1489
cattle, which had been confirmed TB negative using
20 tuberculin skin tests, as the controls. The analysis
was carried out using the multiplex platform
described above in relation to Exanple 1 with the
foll owi ng changes: 50ul of diluted sanple and
diluted conjugate were added per well and 4o0pl of
25 prepared substrate was added per well instead of the
volumes recited in Exanple 1. Moreover, the sanple
i ncubation tinme was 90 mnutes and the conjugate

i ncubation tine was 30 n nutes.

30 The inventors identified two panels of five
antigens, each panel of which when assayed together

enabl e diagnosis of tuberculosis infection with very
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high sensitivity and selectivity. The assaying for
the presence of at least two of the five antigens
ESAT- 6+Rv3616¢c+pepl (MPB70) +MPB83+MPB70 gave a
sensitivity of 93.7% conmpared to 71.4% obtained

5 wi th ESAT-6+Rv36l16c+pepl (MPB70) +MPB83, 25.5%
obt ai ned using ESAT-6+Rv3616c +pepl (MPB70) . The
specificity obtained wth ESAT-6+Rv3616c+pepl
(MPB70) +MPB83+MPB70 was 97.6%

10 The assaying for the presence of at least two of the
five antigens CFP-10+Rv3616c+pepl ( MPB70)
+MPB83+MPB70 gave a sensitivity of 97.8% The
specificity obtained wth CFP-10+Rv3616c+pepl
(MPB70) +MPB83+MPB70 was 97.6%

15
The inventors then extended the study to another
nmenber of the bovidae famly. The inventors
anal ysed antigen expression from 62 goats, which had
been confirmed TB positive by tuberculin skin tests

20 and IFNg tests, wusing 31 goats, which had been
confirmed TB negative using tuberculin skin tests,
as the controls. The analysis was carried out using
the nultiplex platform described above in relation
to Example 1 with the follow ng changes: 50ul of

25 diluted sanple and diluted conjugate were added per
well and 40ul of prepared substrate was added per
well instead of the volunes recited in Exanple 1;
noreover, the sanple incubation tinme was 90 mnutes
and the conjugate incubation tine was 30 m nutes;

30 sanples were diluted to 1:1000, a different

conjugate (rabbit anti-goat 119G whole nolecule,



WO 2010/097625 PCT/GB2010/050324

10

15

20

25

30

57

peroxi dise) was used with appropriate buffers and

the conjugate was diluted to 1:40, 000.

The inventors identified a panel of five antigens
whi ch when assayed together enable diagnosis of
tuberculosis infection with sensitivity and
selectivity at levels hitherto not obtained wth
goats. The assaying for the presence of at |east
two of the five antigens CFP-10 + Rv36l6c + pepl
(MPB70) + MPB83 + MPB70 gave a sensitivity of 100%
and a specificity of 100% i.e. even higher than the
sensitivity and specificity obtained using the same

antigens in cattle.

Exanple 3 Identification of Panel of Antigens for
Di agnosis of TB in badgers

The inventors analysed antigen expression from 67
badgers, which had been confirmed TB positive by

hi st opat hol ogy and cul ture nmethods, wusing 133
badgers, which had been confirmed TB negative using
tuberculin skin tests, as the controls. The analysis
was carried out using the nultiplex platform
described above in relation to Exanple 1 with the
follow ng changes: 50ul of diluted sanple and
diluted conjugate were added per well and 50ul of
prepared substrate was added per well instead of the
volumes recited in Exanple 1; noreover, the
conjugate used was affinity purified mAb CF2, anti-
badger 1gG HRP, which was used with appropriate
buffers and which was diluted to 1:100,000; the
sanples were diluted to 1:450.
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The inventors identified a panel of three antigens
whi ch when assayed together, enable diagnosis of
tuberculosis infection wth sensitivity and
5 specificity at levels hitherto not obtained with

badgers. The assaying for the presence of at |east
one of the three antigens Rv36l6c+ MPB83+ MPB70 gave
a sensitivity of 58.2% conpared to 52.2% obtai ned
with Rv3616¢c+ MPB70 alone, and 31.3% obtai ned using

10 MPB70 al one. The specificity obtained with Rv3616c+
MPB83+ MPB70 was 96.2%

Exanple 4 Identification of Panel of Antigens for
Di agnosis of TB in wild boar and cervids
15
The inventors analysed antigen expression from 5
w | d boar, which had been confirmed TB positive,
using 5 wild boar, which had been confirnmed TB
negative, as the controls. The analysis was carried
20 out using the nultiplex platform described above in
relation to Exanple 1 with the follow ng changes:
50ul of diluted sanple and diluted conjugate were
added per well and 40pl of prepared substrate was
added per well instead of the volunes recited in
25 Example 1; noreover, the sanple incubation tinme was
90 minutes and the conjugate incubation tine was 30
m nutes; sanples were diluted to 1:200; the
conjugate used was rabbit anti-pig 1gG whole
nol ecul e peroxi dase conjugate wth appropriate
30 buffers and was diluted to 1:40, 000
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The inventors identified a panel of four antigens
whi ch when assayed together enable diagnosis of
tuberculosis infection with sensitivity and
selectivity at levels hitherto not obtained wth
wild boar. The assaying for the presence of at

| east two of the four antigens MPB70 + MPB83+
Rv3616¢c+CFP- 10 gave a sensitivity of 100% and a
specificity of 100%

The inventors also analysed antigen expression in a
further cohort of 45 wild boar confirmed positive
for TB infection with Mbovis, wusing 102 wld boar,
whi ch had been confirnmed TB negative, as the
controls. The assaying for the presence of at |east
two of the four antigens MPB70 + MPB83+ Rv3616c+CFP-
10 again denonstrated high levels of sensitivity and
specificity using these antigens, the specificity

being 97.1% and the sensitivity being 72.7%

The inventors also analysed antigen expression in a
further cohort of 10 wild boar confirmed positive
for TB infection with M.caprae, using 102 wld boar,
whi ch had been confirmed TB negative, as the
controls. The assaying for the presence of at |east
two of the four antigens MPB70 + MPB83+ Rv3616c+CFP-
10 again denonstrated high levels of sensitivity and
specificity using these antigens, the specificity

being 97.1% and the sensitivity being 60%

The inventors also analysed antigen expression from
20 cervids, which had been confirmed TB positive,

using 20 cervids, which had been confirnmed TB
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negative, as the controls. The analysis was carried
out using the nmultiplex platform described above in
relation to Exanple 1 with the follow ng changes:
50ul of diluted sanple and diluted conjugate were
added per well and 40pl of prepared substrate was
added per well instead of the volunes recited in
Exanple 1; noreover, the sanple incubation time was
90 minutes and the conjugate incubation tine was 30
m nutes; the conjugate used was affinity purified
anti body, peroxidase |abelled, rabbit anti-deer 1gG
H+tL which was used with appropriate buffers and was
diluted to 1:100.

The panel of four antigens as enployed with the
identification of TB infection in wld boar was
found when assayed together to enable diagnosis of
tuberculosis infection with high sensitivity and
selectivity with cervids. The assaying for the
presence of at |east one of the four antigens MPB70
+ MPB83+ Rv3616c+CFP-10 gave a sensitivity of 70%
and a specificity of 100%

Al'l docunents referred to in this specification are
herein incorporated by reference. Various

nodi fications and variations to the described

enbodi nents of the inventions wll be apparent to
those skilled in the art w thout departing from the
scope and spirit of the invention. Al t hough the

i nvention has been described in connection wth
specific preferred enbodinents, it should be
understood that the invention as clainmed should not

be unduly limted to such specific enbodinents.
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| ndeed, various nodifications of the described nopdes
of carrying out the invention which are obvious to
those skilled in the art are intended to be covered

by the present invention.

Table 1

SEQ ID NO 1 - Rv3616C (full Iength)

MBRAFI | DPT 1SAIDGLYDL LG G PNQGG | LYSSLEYFE
KALEELAAAF PGDGW. GSAA DKYAGKNRNH  VNFFQELADL
DRQLI SLI HD QANAVQTTRD | LEGAKKGLE  FVRPVAVDLT
Yl PWGHALS AAFQAPFCAG AMAVVGGALA YLVVKTLI NA
TQLLKLLAKL AELVAAAI AD I 1| SDVADI | K GTLGEWEFI
TNALNGLKEL WDKLTGAWTG  LFSRGABNLE ~ SFFAGVPGLT
GATSGLSQVT GLFGAAGLSA  SSGLAHADSL  ASSASLPALA
A GEGSG-FGG LPSLAQVHAA STRQALRPRA DGPVGAAAEQ
VGEQSQLVSA QGSQGVIEEPY GMGEVHPSSG ASKGTTTKKY
SEGAAAGTED AERAPVEADA GEEXKVLVRN W

SEQ ID NO 2 - residues 300-370 of Rv36l6c (M b40) :
ASTRQAL RPRADGPVGAAAEQVGEQSAQL VSAQGSQEMEGPVGMGGEVHPSSGA
SKGTTTKKYSEGAAAGTED

SEQ ID NO 3 - residues 35-94 of Rv3616c:

SLEYFEKAL EEL AAAFPGDGML GSAADKYAGKNRNHVNFFQELADLDRQLI S
LI HDQANA

SEQ ID NO 4 - residues 1-34 of Rv3616c:
MSRAFI | DPTI SAI DALYDLLG G PNQGAE LYS

SEQ ID NO 5 - residues 95-392 of Rv3616c:

VQITRDI LEGAKKGLEFVRPVAVDLTYI PVWGHAL SAAFQAPFCAGAVAVWG
GALAYLWVKTLI NATQLLKLLAKLAELVAAAI ADI | SDVADI | KGTLGEVWE
FI TNALNGLKELWDKL TGATA.FSRGABNLESFFAGVPGLTGATSGALSQVT
GLFGAAGLSASSGLAHADSLASSASL PALAG GGGSGFGELPSLAQVHAAST
RQAL RPRADGPVGAAAEQVGESQL VSAQGSQGMGEPVAMGGVHPSSGASKG
TTTKKYSEGAAAGT EDAERAPVEADAGGEXKVLVRNW
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SEQ ID NO 6 - MPB70

MKVKNTI AATSFAAAGLAAL AVAVSPPAAAGDL VGPGCAEYAAANPTGPASV
QAVEQDPVAVAASNNPEL TTLTAAL SGQLNPQVNLVDTLNSGQYTVFAPTNA
AFSKLPASTI DELKTNSSLLTSI LTYHVWAGQT SPANVWGTROTLQGASVTV
TGQGNSLKVGNADVWCGGEVSTANATVYM DSVLVPPA

SEQ ID NO 7 - PEP1(MPB7O):
KGSGS SVQGVEQDPVAVAASNNPEL

SEQ ID NO 8 - MPB83

M NVQAKPAAAASLAAI Al AFLAGCSSTKPVSQDTSPKPATSPAAPVTTAAM
ADPAADL| GRGCAQYAAQNPT GPGSVAGVAQDPVATAASNNPM_STLTSALS
GKLNPDVNLVDTLNGGEYTVFAPTNAAFDKL PAATI DQLKTDAKLLSSI LTY
HVI AGQASPSRI DGTHQTL QGADL TVI GARDDL MVNNAGL VCGGVHTANATV
YM DTVLMPPAQ

SEQ ID NO 9 - Rv3875 (ESAT6) :
TEQQWNFAG EAAASAI QGNVTSI HSL L DEGKQSL TKLAAAWGGSGSEAYQG
VQOKWDATATEL NNAL QNLART! SEAGQAMASTEGNVTGVFA

SEQ ID NO 10 - Rv3874 (CFPIO :
AENKTDAATLAQEAGNFER! SGDLKTQ DQVESTAGSL QGOVWRGAAGTAAQA

AVVRFQEAANKQKQELDEI STNI' RQAGVQY SRADEEQQQAL SSQMG-

SEQ ID NO 11 - PEP4 (CFPI O
KGSGS MAEMKTDAATLAQEAGN

SEQ ID NO 12 - PEP9 (CFPI O
KGSGS NI RQAGVQYSRADEEQQQ

SEQ ID NO 13 - PEP 17 (CFPIOQ
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VWRFQEAANKQKQEL DE |

SEQ ID NO 14 - Rvl573:

MITTPARFNHL VTVTDL ETGDRAVCDRDQVAET! RAWFPDAPL EVREAL VRL
QAALNRHEHTGEL EAFLRI SVEHADAAGGDECGPAI LAGRSGPEQAAI NRQL
GLAGDDEPDGDDTPPWSRM GLGGGSPAEDER

SEQ ID NO 15 - Rvl 580c:
MAETPDHAEL RRRI ADMAFNADVGVATCKRCGDAVPY! | LPNLQTGEPVMGV
ADNKVKRANCPVDVGKPCPFL| AEGVADSTDDTI EVDQ

SEQ ID NO 16 - Rvl585c:

MBRHHNI VI VCDHGRKGDGRI EHERCDLVAP! | WDETQGW.PQAPAVATLL
DDDNQPRAVI GLPPNESRL RPEVMRRDGW/RL HWEFACL RYGAAGVRT CEQRP
VRVRNGDL QTL CENVPRL L TGLAGNPDYAPGFAVQS DAVWAMALWRTLCE S
DTPNKLRATPTRGSC
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Claims
1. An assay for the detection of the presence of
Mycobact eri um in a biological sanple, said nethod

conprising the steps:

providing a biological sanple from said aninmal;
and determining the presence or absence of a group
of antigens, or the presence or absence of an immune
response to each nenber of said group of antigens,
wherein said group of antigens conprises the group
consisting of (i)an Rv3616 antigen, (ii) an MPB70
antigen, (iii) an MPB70 linear epitope, for exanple
PEPI (MPB70) (iv) an MPB83 antigen, and (v) at |east
one of (a) a CFPIO antigen and (b) an ESAT 6
anti gen;

wherein the identification of the presence of
two or nore of said antigens or of an inmmune
response thereto is indicative of the presence of

Mycobacterium in the biological sanple.

2. The nethod according to claim 1 wherein the

Mycobacterium is Mycobacterium bovis.

3. The nethod according to claim 1 or claim 2,

wherein the identification of the presence of two or
nore of said antigens of said group of antigens, or
of an imune response thereto, is indicative of the

presence of tuberculosis infection in the aninal.

4, The nethod according to any one of the
preceding clains, further conprising determning the
presence or absence of at |east one of the antigens,

or an imune response to at |east one of the
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antigens, of the group consisting of an RvlI573

antigen, an Rvl580c antigen or an Rvl585c antigen.

5. The nethod according to claim 4, wherein the

5 identification of the presence of one or nore of the
antigens, or an imune response to at |east one of
the antigens, of the group consisting of an RvlI573
antigen, an Rvl580c antigen or an Rvl585c antigen is
indicative of the presence of, or infection wth,

10 Mycobacterium bovis.

6. The nethod according to any one of claine 1 to
3, wherein the group of antigens consists of (i) an
Rv3616 anti gen, (ii) an MPB70 antigen, (iii) an

15 MPB70 Ilinear epitope, for exanple PEPI (MPB70) (iv)
an MPB83 antigen, and (v) at least one of (a) a

CFPI O antigen and (b) an ESAT 6 antigen.

7. The nethod according to any one of claine 1 to
20 3 or 6, wherein the group of antigens conprises (a)

a CFPI O antigen but does not conprise (b) an ESAT-6

antigen .

8. The nethod according to any one of claine 1 to
25 7, wherein the animal is a bovid.

9. The nethod according to claim 8, wherein the

aninmal is a goat or a cow.

30 10. An assay method for the detection of the
presence of Mcobacterium for exanple Mycobacterium

bovis, in a biological sanple from an animal, for
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exanmple a reservoir mamual, the nethod conprising
the steps:

providing a biological sanple from said aninal; and
determ ning the presence or absence of a group of
antigens, or the presence or absence of an imune
response to each nmenber of said group of antigens,
wherein said group of antigens conprises an Rv3616
antigen, an MPB70 antigen, and an MPB83 antigen,
wherein the identification of the presence of one or
nore of said antigens of said group of antigens, or
of an immune response thereto, is indicative of the

presence of tuberculosis infection in the aninal.

11. The method according to claim 10, wherein the
identification of the presence of one or nore of
said antigens of said group of antigens, or of an
i mmune response thereto, is indicative of the

presence of tuberculosis infection in the aninal.

12. The method according to claim 10 or claim 11,
wherein the nmethod does not conprise determ ning the
presence or absence of any nycobacterial antigen, or
an immune response thereto, other than an Rv3616

antigen, an MPB70 antigen, and an MPB83 antigen.

13. The method according to any one of clainms 10 to

12, wherein said mammal is a badger.

14. The method according to claim 10 or claim 11,
wherein said nethod further conprises determ ning

the presence or absence of an inmune response to a
CFP-10 anti gen.
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15. The nethod according to claim 14, wherein the
nmet hod does not conprise deternmining the presence or
absence of any nycobacteri al antigen, or an inmmune
response thereto, other than an Rv3616 antigen, an
MPB70 antigen, an MPB83 antigen, and a CFP-10

antigen .

16. The nethod according to claim 15 wherein said
manmmal is a suidae nmanmal, for exanple wld boar, or

a cervid.

17. The nethod according to any one of the
preceding clains wherein the presence of said one or
nore antigens is determined by determning the

presence of an antibody response to said antigens.

18. The nethod according to any one of claine 1 to
16 wherein the presence of said one or nore antigens
is determined by determining the presence of a

nucleic acid encoding said antigen or by determnning
the presence of a nucleic acid encoding an antibody

to said antigen.

19. A diagnostic kit for the diagnosis of the
presence of tuberculosis in a subject, said kit
conpri si ng

(i)an Rv3616 antigen, (ii) an MPB70 antigen, (iii)
an MPB70 linear epitope, for exanple PEPI (MPB70)
(iv)y an MPB83 antigen, and (v) at least one of (a a

CFPI O antigen and (b) an ESAT 6 antigen.
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20. The kit according to claim 19, wherein the kit
conmprises each of the antigens of the group
consisting of (i) an Rv3616 antigen, (ii) an MPB70
antigen, (iii) an MPB70 linear epitope, for exanple
5 PEPI (MPB70) (iv) an MPB83 antigen, and (v) at |east
one of (a) a CFPIO antigen and (b) an ESAT 6
antigen, but does not conprise another nmnycobacteri al

antigen .

10 21. The kit according to claim 20, wherein the kit
conmprises (a) a CFPIO antigen but does not conprise

(b) an ESAT-6 antigen.

22. A diagnostic kit for the diagnosis of the
15 presence of tuberculosis in a biological sanple,
said kit conprising:
(i) an antibody mplecule wth binding specificity
for an Rv3616 antigen, (ii) an antibody nolecule
with binding specificity for an MPB70 antigen, (iii)
20 an antibody nolecule with binding specificity for an
MPB70 I|inear epitope, for exanmple PEPI (MPB70) (iv)
an antibody nolecule with binding specificity for an
MPB83 antigen, and (v) at least one of (a an
anti body nolecule with binding specificity for a
25 CFPI O antigen and (b) an antibody nolecule wth
binding specificity for an ESAT 6 antigen.

23. The diagnostic kit according to claim 22,
wherein the kit does not conprise an antibody

30 mol ecule with binding specificity for any
mycobact eri al antigen other than for a Rv3616
antigen, an MPB70 antigen, an MPB70 |inear epitope,
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for exanmple PEPI (MPB70), an MPB83 antigen, a CFPIO
antigen or an ESAT 6 antigen.

24. The kit according to claim 22 or claim 23,
wherein the kit conprises (a) an antibody nolecule
with binding specificity for a CFPIO antigen, but
does not conprise (b) an antibody nolecule wth

bi nding specificity for an ESAT-6 antigen.

25. A diagnostic kit for the diagnosis of the
presence of tuberculosis in a biological sanple from
a reservoir animal, said kit conprising an Rv3616

antigen, an MPB70 antigen, and a MPB83 antigen.

26. A diagnostic kit for the diagnosis of the
presence of tuberculosis in a biological sanple from
a reservoir animal, said kit conprising: an antibody
nol ecule with binding specificity for an Rv3616
antigen, an antibody nolecule wth binding
specificity for an MPB70 antigen, and an anti body

nol ecule with binding specificity for an MPB83

antigen .

27. The diagnostic kit according to claim 25
wherein the kit does not conprise a nycobacterial
antigen other than an Rv3616 antigen, an MPB70
antigen, and a MPB83 antigen.

28. The diagnostic kit according to claim 26
wherein the kit does not conprise an antibody

nol ecule with binding specificity for a
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nycobacterial antigen other than for an Rv3616
antigen, an MPB70 antigen, or a MPB83 antigen.

29. The diagnostic kit according to any one of

5 claims 25 to 28, wherein said animal is a badger.

30. The diagnostic kit according to claim 25

further conprising a CFPlI O antigen.

10  31. The diagnostic kit according to claim 26
further conprising an antibody nolecule wth binding

specificity for a CFPI O antigen.

32. The diagnostic kit according to claim 30

15 wherein the kit does not conprise a nycobacteri al
antigen other than an Rv3616 antigen, an MPB70
antigen, a MPB83 antigen, and a CFPl O antigen.

33. The diagnostic kit according to claim 31

20 wherein the kit does not conprise an antibody
nol ecule with binding specificity for a
nmycobacterial antigen other than an Rv3616 antigen,
an MPB70 antigen, a MPB83 antigen, and a CFPI O
antigen .

25
34. The kit according to any one of clains 30 to
33, wherein said animal is a suidae mammual, for

exanple wild boar, or a cervid.

30 35. A vaccine conprising an Rv3616 antigen, an
MPB70 antigen, and an MPB83 anti gen.



WO 2010/097625 PCT/GB2010/050324

71

36. The vaccine according to claim 35 wherein the
vacci ne does not conprise another nmnycobacteri al

antigen .

5 37. The vaccine according to claim 35 further

conmprising a CFPIO antigen.

38. The vaccine according to claim 37 wherein the
vacci ne does not conprise another nmycobacteri al

10 anti gen.

39. A vaccine conprising (i)an Rv3616 antigen, (ii)

an MPB70 antigen, (iii) an MPB70 Ilinear epitope, for

exanple PEPI (MPB70) (iv) an MPB83 antigen, and (v)
15 at least one of (a a CFPIO antigen and (b) an ESAT

6 antigen.

40. The vaccine according to claim 39, wherein the
vacci ne does not conprise an ESAT 6 antigen.

20
41. The vaccine according to claim 40, wherein the
vacci ne does not conprise another nmnycobacteri al

antigen .

25 42. The method according to claim 16, wherein the
mammal is a suidae nmanmmal, for exanple wld boar,
and the identification of the presence of two of
said antigens of said group of antigens, or of an
i mune response thereto, is indicative of the

30 presence of tuberculosis infection in the suidae

manmal
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43. The method according to claim 16, wherein the
mamual is a cervid and the identification of the
presence of one of said antigens of said group of
antigens, or of an imune response thereto, is
indicative of the presence of tuberculosis infection

in the cervid.

44, The method according to claim 9, wherein the
mamual is a goat and the identification of the
presence of two of said antigens of said group of
antigens, or of an imune response thereto, is
indicative of the presence of tuberculosis infection

in the goat.



International application No

PCT/GB2010/050324

INTERNATIONAL SEARCH REPORT

A CLASSIFICATION OF SUBJECT MATTER
INV.  A61K39/04 GO1N33/569

According to International Patent Classification (IPC) orto both national classification and IPC

B FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61K GOIN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal , BIOSIS, EMBASE, WPl Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category " Citation of document with indication, where appropriate, of the relevant passages Relevant to claim No
X, P WO 2009/ 024822 A2 (FUSION ANTIBCDI ES LTD 1-9,
[GB]; ENFER TECHNOLOGY LTD [IE; OLWLL 17- 24,
SHANE A) 26 February 2009 (2009-02-26) 39-41, 44
t he whol e docunent
Y WO 2006/ 117538 A2 (FUSION ANTIBODI ES LTD 1-9,
[GB]; OLWLL SHANE A [GB]; BU CK RI CHARD J 17- 24,
[GB];) 9 Novenmber 2006 (2006-11-09) 39-41, 44
claim 1
pages 7-10
claim 13
-/ --

m Further documents are listed in the continuation of Box C See patent family annex

* Special catego Tes of cited documents

"T" later document published after the international filing date

- . L orpTo Tty date and not in conflict with the application but
A d°°””.‘e”‘ defining the ge_neral state of the art which is not cited to understand the principle or theory underlying the
considered to be of particular relevance invention
E " earlier document but published on or after the international "X" document of particular relevance, the claimed invention
filing date cannot be considered novel or cannot be considered to
"L' document which may throw doubts on pTionty claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another "Y" document of particular relevance the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
O " document referTing to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the art
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
7 May 2010 30/ 07/ 2010
Name and mailing address of the ISA/ Authorized officer
European Patent Office, P B 5818 Pate Ttlaan 2
NL - 2280 HV RijSWljk
Tel (+31-70) 340-2040,
Fax (+31-70) 340-3016 Hohwy, Morten

Form PCT/ISA/210 (second sheel) (April 2005)



INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2010/050324

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No

Y

LIU ET AL: "A novel fusi on protein-based

i ndi rect enzyme-l inked immunosorbent assay
for the detection of bovine tubercul osi s"
TUBERCULOSIS, ELSEVIER, GB LNKD-

DOI :10.1016/ J.TUBE .2006 .07 .007 ,

vol . 87, no. 3,

11 Apri | 2007 (2007-04-11 ), pages 212-217,
XP022020620

ISSN: 1472-9792

abstract

LYASHCHENKO K P ET AL: "PrimaTB STAT-PAK
assay, a novel , rapid lateral-fl ow test
for tubercul osi s in nonhuman primates"
CLINICAL AND VACCINE IMMUNOLOGY, AMERICAN
SOCIETY FOR MICROBIOLOGY, WASHINGTON, bcC,
Us LNKD- DOI :10.1128/CVI .00230-07 ,

vol . 14, no. 9,

1 September 2007 (2007-09-01 ), pages
1158-1164, XP002511617

ISSN: 1556-6811 [retrieved on 2007-07-25]
page 1161

page 1160, column 1; table 2

table 4

WATERS W R ET AL: "Antibody responses in
reindeer  (Rangifer tarandus) infected  with
Mycobacterium  bovi s"

CLINICAL AND DIAGNOSTIC LABORATORY
IMMUNOLOGY, AMERICAN SOCIETY FOR
MICROBIOLOGY, us LNKD-

DOI :10.1128/CDLI .12 .6.727-735 .2005,

vol . 12, no. 6, 1 June 2005 (2005-06-01 ),
pages 727-735, XP002511618

ISSN: 1071-412X

page 728, col umn 2; table 2

WIKER H G ET AL: "Immunochemical
characterization of the MPB70/80 and MPB83
proteins  of Mycobacterium bovi s."
INFECTION AND IMMUNITY APR 1998 LNKD-
PUBMED: 9529066,

vol . 66, no. 4, Apri | 1998 (1998-04)
pages 1445-1452, XP002579405

ISSN : 0019-9567

figures  5,6,8

19,
17-24,
39-41 ,44

1-9 ,
17-24,
39-41 44

1-9,
17-24,
39-41 44

1-9,
17-24,
39-41 ,44

Form PCT/IS N210 (continuation of second sheet) (April 2005)




r International application No,
INTERNATIONAL SEARCH REPORT PCT/ GB2010/ 050324
Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect oi certain claims under Article 17(2)(a) for the following reasons:

9. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. im Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1.1 I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |::| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. I:] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. X l No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

21, 24, 40, 41(completely); 1-9, 17-20, 22, 23, 39, 44(partial ly)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM POT/ISA/ 210

This International Searching Authority found nultiple (groups of)
inventions in this international application, as follows:

1. claims: 21, 24, 40, 41(conpletely); 1-9, 17-20, 22, 23, 39,
44(partially)

A method for detecting nycobacteria conprising detecting
antigens or an inmune response to said antigens, a

di agnostic kit conprising said antigens, a diagnostic kit
conprising antibodies to said antigens, and a vaccine
conprising said antigens, wherein the antigens are: an
Rv3616 antigen, an MPB70 antigen, an MPB70 |inear antigen
(such as PEPI), an MPB83 antigen, and a CFPl O antigen.

2. claims: 1-9, 17-20, 22, 23, 39, 44(all partially)

A nmethod for detecting nycobacteria conprising detecting
antigens or an inmune response to said antigens, a

di agnostic kit conprising said antigens, a diagnostic Kit
conprising antibodies to said antigens, and a vaccine
conprising said antigens, wherein the antigens are: an
Rv3616 antigen, an MPB70 antigen, an MPB70 |inear antigen
(such as PEPl), an MPB83 antigen, and an ESAT6 antigen.

3. clains: 10-16, 25-29, 35 36, 42, 43(conpletely); 17,
18(partial ly)

A nethod for detecting nycobacteria conprising detecting
antigens or an inmune response to said antigens, a

di agnostic kit conprising said antigens, a diagnostic Kit
conmprising antibodies to said antigens, and a vaccine
conprising said antigens, wherein the antigens are: an
Rv3616 antigen, an MPB70 antigen, and an MPB83 antigen.

4. clainms: 30-34, 37, 38

A diagnostic kit conprising antigens, a diagnostic Kkit
conprising antibodies to said antigens, and a vaccine
conprising said antigens, wherein the antigens are: an

Rv3616 antigen, an MPB70 antigen, an MPB83 antigen, and a
CFPI O anti gen.
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