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manufactured by the Swiss Serum Vaccine Institute, has proved to be a very successful

vaccine for the prevention of typhoid fever and has been licensed in many countries
20 including the US and Europe.

However, the attenuation of this strain was achieved using chemical
mutagenesis techniques and the basis of attenuation of the strain is not fully
understood. Because of this, the vaccine is not ideal in terms of the number of doses
(currently four) and the number of live organisms that have to be given at each dose.

25 Modern molecular biclogy techniques, coupled with the increasing knowledge
of Salmonella pathogenesis, has led to the identification of several genes that are
essential for the in vivo growth and survival of the organisms. This has provided new
gene targets for attenuation, leading to the concept that future vaccine strains can be
‘rationally’ attenuated by introducing defined non-reverting mutations into selected

30 genes known to be involved in virulence. This will facilitate the development of
improved vaccines, particularly in terms of the immunogeniciiy and therefore the
number of doses that have to be given.

Although many attenuated strains of Sa/monella are now known, few have

qualified as potential vaccine candidates for use in humans. This may be due in part
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Accor di to a first. aspect of the i.nvention, .a Salnonella

nas an LG 1KGudsd ol VAT rShe BReuiy S5t touBBPRRLT N BrVeRTRen
| ocat ed w tfesttiieferrdpi 2 20 pathogenicity island, and a further nutation
whi ch disrupts the xgressi.on of any of the genes clpP, ompR, sifA sseC
or ssaB. Ac%@@%@%@%ﬂd aspect of the invention, a Sal nonella
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reverting to a reactive form. The resulting vaccine strains exhibit good side-effect
profiles.
According to a first aspect of the invention, a Sa/monella microorganism has an
attenuating mutation which disrupts the expression of a gene located within the Spi2
20 pathogenicity island, and a further mutation which disrupts the expression of any of the
genes clpP, ompR, sifA, sseC or ssaB.
According to a second aspect of the invention, a Salmonella microorganism has
an attenuating mutation which disrupts the expression of an aro gene, and a further
mutation which disrupts the expression of any of the genes clpP or sifA.
25 The Salmonella microorganisms may be used in the manufacture of a
medicament for intravenous or oral delivery for the treatment of a bacterial or viral
infection, e.g. for the treatment of typhoid.

Description of the Invention

The microorganisms and vaccine compositions of the present invention may be

30 prepared by known techniques.
The choice of particular Sa/monella microorganism and the selection of the
appropriate mutation, can be made by the skilled person without undue

experimentation. A preferred microorganism is Salmonella typhimunum.
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(1997); 24(1): 155-167. Genes suitable for use in the present |Invention

i ncl ude ssdVMiekENplleagefdy thegral infEaypnousang intsapgritoneghiottesf apMinigron ssar,
ssaU and ssaH geResprefdi@dBHsddifent metg%gweﬁﬁ"tr% $;§Q'r@@oﬁi%::§1a aéé‘tﬁgﬁéﬁé‘_“ ly

have to be within a gene to disrupt t unction. For , a nmutation
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i nventi on, imhke grasEntgweniian pskde sasdVi bsaJ, ssaK, ssal, ssaM, ssaO, ssaP, ssaQ,
ssaR, ssaS, ssaT, ssal and ssaH genes.

The mutation in the Spi2 region does not necessarily have to be within a gene
to disrupt the function. For example, a mutation in an upstream regulatory region may

20 alsodisrupt gene expression, leading to attenuation. Mutations in an intergenic region
may also be sufficient to disrupt gene function.

In a preferred embodiment of the invention, the Spi2 gene is ssaV and the
further mutation disrupts any of clpP, ompR, sifA or sseC. In a separate preferred
embodiment, the mutation disrupts ssaT and the further mutation disrupts ssaB.

25 The clpP gene is described in Gifford et al., Gen. Microbiol., 1993; 139:913-920.
The encoded protein is a stress-response protease.

The ompR gene is described in Chatfield et al., Infection and Immunity, 1991;
59(1): 449-452. The encoded protein is a component of a two-component system
(OmpR-EnvZ) with a global regulatory function, and is also a regulator for the two-

30 component system ssrA-ssrBin Spi2 (Lee et al., J. Bacteriol., 2000; 182(3): 771-781).

The sseC gene is described in Medina et al., Infection and Immunity, 1999;

67(3): 1093-1099. The function of the encoded product is unknown.
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20 For example, gene deletions may be created by first amplifying the target gene
plus flanking DNA using PCR and a high fidelity polymerase. The amplified product
may then be cloned into a suitable cloning vector. PCR primers can be designed to
delete the gene when used in inverse PCR, to generate an initial construct. The PCR
primers may contain an Xbal site to introduce a new restriction site and thus provide a

25 marker for the gene deletion. The deletion construct can then be transferred to a
suicide vector for transfer to the Saimonella chromosome. This construct can be
electroporated or conjugated into the desired strain, and recombinants containing the
plasmid integrated into the chromosome at the homologous site (merodiploids),
selected using an antibiotic resistance marker carried on the plasmid. The suicide

30 vector may also contain the sacB gene that encodes the enzyme levan sucrase, which
is toxic to most Gram-negative bacteria in the presence of sucrose. Sucrose selection
may therefore be employed to isolate colonies where a second recombination event
has occurred, resulting in loss of the plasmid from the chromosome. This second

recombination event can result in two outcomes, re-generation of the wild-type allele
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del eti on nut ant. Heplatis &SB @andCaantigegst he del etion nutation may then be
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anal ysi ¢¥ In addi"fm%ﬂ'steasefﬂ '9¥M8 nut ations, the Sal nonella microorgani sm
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therefore act as ? d?—:I ivery vehicle for adm nistering anti gens agai nst
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this way wll beppnar SikpldxituB@nekédd ed person and include: Pathogenic E.
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antigens Vibri o"@ﬁlﬂ”e?ad’”@ﬁ”tai \YesantigRNs cobact er antigens Herpes Sinpl ex
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nucleic acids for the treatment of patients, e.g. patients infected with hepatitis.
Cytokines are an example of suitable therapeutic proteins which may be deliveréd by
the mutant microorganisms. Methods for the delivery of heterologous antigens or
therapeutic proteins using the vaccine compositions will be apparent to the skilled

20 person.

Vaccines made using the microorganisms of the invention have application to
the treatment of infections in human patients and in the treatment of veterinary
infections.

The double mutation provides an effective means to attenuate the

25 microorganism to provide a safe vaccine candidate.

The vaccine compositions provide effective protection even in immuno-
compromised patients, and importantly offer a low risk in developing spleen abscesses.
Spleen abscesses have been identified using vaccines based on a single mutation, and
therefore the present compositions may offer a substantial benefit to patients.

30 To formulate the vaccine compositions, the mutant microorganisms may be
present in a composition together with any suitable pharmaceutically acceptable
adjuvant, diluent or excipient. Suitable formulations will be apparent to the skilled
person. The formulations may be developed for any suitable means of administration.
Preferred administration is via the oral or intravenous routes and the vaccines are live

35 attenuated Sa/monella microorganisms. The number of microorganisms that are
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conprom sed patients, and inportantly offer a low risk in devel opi ng spl een
abscesseS. Spl een abscesses have been identified using vacci nes based on a
single mutation, and therefore the present conpositions may offer a
substantial benefit to patients. 30 To formul ate the vacci ne conpositions,
the nutant m croorganisns may be present in a conposition together with
any suitable pharmaceutically acceptable adjuvant, diluent or excipient.
Suitable formulations will be apparent to the skilled person. The

formul ati ons may be devel oped for any suitable nmeans of adm nistration.
Preferred adm nistration is via the oral or intravenous routes and the
vaccines are live 35 attenuated Sal nonella m croorgani snms. The nunber of

m croorgani sns that are WO 01/47962 PCT/ GBOO' 05002 6 required to be
present in the fornulations can be determ ned and optim sed by the skilled
person. However, in general, a patient nmay be adm nistered approxi mately
10' - 1010 CFUs of the m croorganism preferably approximtely 108-109 CFUs
per single dosage unit. 5 WD 01/47962 PCT/ GBOO 05002 7 CLAIMS



1. A Salnonella m croorgani smhaving an attenuating nmutation which disrupts
the expression of a gene |ocated wthin the Spi2 pathogenicity island, and
a furt herWORL#A63 on which disrupts the expression of any 8€TiGB0V/GWAZs cl pP,
onpR, sifA, sseC and 5 ssaB. 2. A Sal m:)fuel | a m croorgani sm havi ng an
attenuating rrut ation which disrupts the ' expression of an aro gene, and a

further nut n.whi ch di srupts the expression of any of the genes cl pP
and sifA 32 croorgani smaccording to claim2, wherein the aro gene is
aroC. 10 4. 1A m ﬁrwmaéﬂa&ﬁbﬁ%@@rﬁhnﬁlﬂa\h@g§H1Qﬂtéﬁubtmg\hﬁf£|bﬁv¢h|“&o@?b ts@ene i s
ssaV, and the further nutation disrupts cl onpR, . sifA or sseC. 5. A

ni cr oor gani SYRTEEHRR Al iy 980e (9atsd Vithiphbeephi tﬁ?éh%i“@'%éﬂé“q gk aTIUrthael t he

further nut gitRRndriEHMERpRIABexHesfodTbiEn) oF %@ﬁﬁ& %poérgbﬁ%/ﬁﬂ\os?éyand
preceding claim which further conprises a 15 heterol ogous antigen or a

t her apeuﬁl cS§atbtein. 7. A nicroorgani smaccording to claim®6, wherein the

antigen is a hepatdJ s,y nﬁ%cr%% aﬂ.sﬂ%é n&teﬁa%&@%ﬁ.@ﬂﬂ{hﬁéﬁ‘cﬁsﬁﬁﬁé%g to

any preceding claim wherein m croorgani sm none 2. 20
9. A nicrooexyaasson afcamsrrdgage taudarfyrtipnren@dimgwmbtadmuptsnﬂhemprelssuoh beampy .
10. A vacci N&, S co 05| Eo rising a mcroorgani smaccording to any of
claims 1 t9 935]’3 nd a physiologically acceptable diluent. 11. A

conposi tiona, aCCOAdhll@o?ghrﬁdnﬁibmol@ng €I 2] Wherbinaie kR gdtle dbdls of the
m croor?anl sm per dosage unit. 25 12. A conmposition_according to claim 11,

conpri sthg 408- 164" 3HHs™ ﬁ%cor‘i’ﬁ‘%F%‘H?'Qh?‘rl"%'?ﬁrﬁ'érth?ﬁe'g@@r‘ﬁr'ﬁ §33V15”dlb!see of a

m CrOOfgan'ﬁ:ﬁhéﬁm@ﬁtubﬂ%‘i’sru&s%&ﬁ 8pR 8kABr dsd® 8, in the manufacture of a
medi cament for the treatnent of systemc bacterial infection. 14. Use

accordi ng t® cl af\MigrPoragniseEacrordiag fnglaipt 1.ovheareintiygBpicdienedpssaT, and the
further mutation disrupts ssaB.

6. A microorganism according to any preceding claim, which further comprises a

15 heterologous antigen or a therapeutic protein.

7. A microorganism according to claim 6, wherein the antigen is a hepatitis A, B or
C antigen.
8. A microorganism according to any preceding claim, wherein the microorganism

is Salmonella typhi Ty2.

20 9. A microorganism according to any preceding claim, for use in therapy.
10. A vaccine composition comprising a microorganism according to any of claims
1 to 8, an adjuvant and a physiologically acceptable diluent.
11. A composition according to claim 10, comprising from 107-10"° CFUs of the
microorganism per dosage unit.

25 12. A composition according to claim 11, comprising 10%-10° CFUs of the
microorganism per dosage unit.
13. Use of a microorganism as defined in any of claims 1 to 8, in the manufacture
of a medicament for the treatment of systemic bacterial infection.
14, Use according to claim 13, wherein the infection is typhoid.

30



