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Diagnostic methods for detecting Clostridium difficile

The present invention relates to methods of detecting Clostridium difficile, in
particular in samples from a human or animal subject, such detection methods
enable diagnosis of Clostridium difficile infections in said subject. The present
methods rely on detection of certain genes which are specific for Clostridium
difficile.

Clostridium difficile infection (CDI) has become a problematic nosocomial
infection in hospitals and long term care facilities throughout the world. CDl is
often associated with antibiotic treatment and causes diseases ranging from
antibiotic associated diarrhoea to life threatening pseudomembraneous colitis. CDI
is the leading cause of infectious diarrhoea among patients in hospitals worldwide.

CDl is a significant burden on the NHS and patients. It is estimated that the
1298 reported cases of CDI in Northern Ireland in 2008 will have cost the local
economy a total of £39 million and resulted in the loss of 7139 bed days. In
Northern Ireland, the yearly cost of CDl is the equivalent of 10.5% of the total drugs
bill. The burden of CDlI is not limited to the UK; CDl is also a significant burden on
the Irish healthcare system and also on other healthcare providers worldwide.
The ageing population, societal strategies to care for the elderly and healthcare
management protocols have exacerbated the incidence of CDI. It is essential that
the spread of this disease be contained, not least given the associated mortality
rate of 6-15%.

Despite the fact that CDl is a problematic infection, there remain very few
efficient and reliable methods available for the detection of Clostridium difficile. The
most common methods currently used in hospitals for detecting Clostridium difficile
are enzyme immunoassays which detect the presence of Clostridium difficile A
and/or B toxins. Indeed, the current gold standard for Clostridium difficile testing is
the cell culture cytotoxicity assay. However, this assay is not standardised and
requires access to a continuous cell line and a certain level of technical expertise, in
addition to taking up to 48h to yield a result. Consequently, many laboratories have
switched to kit-based methods. However, these kits also rely on the detection of
Clostridium difficile toxins.
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Despite an abundance of Clostridium difficile detection kits on the market, a
recent report by the NHS Centre for Evidence Based Purchasing states that of the
nine kits tested “the poor PPVs of toxin detection kits, especially in the context of
widespread testing raises doubts about their appropriateness when used as single
tests for the laboratory detection of C. difficile toxins.” (Wilcox and Eastwood, NHS
Purchasing and Supplies Agency, Center for Evidence based Purchasing.
Clostridium difficile toxin detection assays, CEP08054, 2009.). This affirms the
sentiments expressed by Planche et al. (The Lancet: Infectious Disease (2008)
8:777-84) in which they conducted a meta analysis of the accuracy of available
toxin detection kits and came to the conclusion that there was an unacceptably low
predictive rate (<50% in some cases) when patient samples are presented with low
toxin titre. In addition, certain strains of Clostridium difficile may be toxin A-/toxin
B+; in this scenario, a detection method which relies on the detection of toxin A
would give a false negative result. Also, the costs associated with toxin detection
kits are high.

Some researchers have proposed methods for the detection of Clostridium
difficile by testing for the presence of Clostridium difficile toxin genes (WO
2011/008942 and WO 2010/116290), rather than the toxins themselves.

Other methods of testing for Clostridium difficile include detection of
glutamate dehydrogenase (GDH) by latex agglutination. However, this test is
generally performed as an initial screening procedure and is followed by Clostridium
difficile cell culture and a second step in which toxin detection is carried out. Such
methods of detecting Clostridium difficile are time consuming, expensive, and prone
to error. Furthermore, enzymes that are detected in some Clostridium difficile
detection methods (e.g. GDH) are present in a variety of microorganisms and thus
the specificity of such methods may not be absolute.

What is needed in the art is a cost-effective, toxin independent, high-
sensitivity, high-specificity method of detecting a variety of Clostridium difficile
strains, ribotypes and clinical isolates. Preferably such a method would be straight
forward to perform and offer results in a short time-frame. Preferably the methods
can be performed in a culture independent fashion.

The present inventors have identified certain Clostridium difficile specific
genes (CD3609, CD3617, CD3618, CD3635, CD3638, CD0638, CD1424, CD1487,
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CD1543a, CD1794, CD1906, CD2046, CD2098, CD2216, CD2264, CD2274,
CD2309, CD3188, CD3288, CD3367 and CD2961), the detection of each of which
is indicative of the presence of Clostridium difficile. Surprisingly, the detection of
each of these genes can reliably identify a large number of different strains,
ribotypes and deposited isolates of Clostridium difficile and thus the methods of the

present invention are particularly advantageous.

The present invention provides methods of detecting Clostridium difficile, or
testing for the presence of Clostridium difficile in a sample, comprising detecting the
presence in said sample of, or analysing said sample for the presence of, one more
genes selected from the group consisting of CD3609, CD3617, CD3618, CD3635,
CD3638, CD0638, CD1424, CD1487, CD1543a, CD1794, CD1906, CD2046,
CD2098, CD2216, CD2264, CD2274, CD2309, CD3188, CD3288, CD3367 and
CD2961, or a product of said genes.

In one embodiment, the present invention provides a method of detecting
Clostridium difficile in a sample, said method comprising detecting the presence in
said sample of one or more genes selected from the group consisting of CD2961,
CD3617, CD3618, CD3635 and CD3638, or a product of said genes. The presence
of said one or more genes or product thereof is indicative of the presence of
Clostridium difficile in said sample.

Viewed alternatively, the present invention provides a method of testing for
the presence of Clostridium difficile in a sample, said method comprising analysing
said sample for the presence of one or more genes selected from the group
consisting of CD2961, CD3617, CD3618, CD3635 and CD3638, or a product of
said genes. The presence of said one or more genes or product thereof is
indicative of the presence of Clostridium difficile in said sample.

All the methods of the invention described herein conveniently comprise
contacting the sample with a detection moiety which can detect one of said genes.
In certain embodiments, 2 or more moieties selective for 2 or more genes may be
contacted with said sample or to a series of samples from the same source. The
detection moieties will generally bind specifically to the gene or its product, for
example based on nucleotide base-pair binding or antigen/antibody type
interactions. Suitable detection moieties are discussed in more detail below. Thus
methods may then involve a step of analysing the combination of sample plus
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detection moiety in order to confirm the presence of detection moiety bound to said
gene or gene product. The presence of such a bound conjugate may be confirmed
per se or its presence derived, e.g. from the presence of the nucleic acid products
of an ampilification reaction enabled through binding of the detection moiety to the
gene.

The complete genome (which includes the chromosome and the plasmid)
sequence of Clostridium difficile strain 630, a virulent, and multidrug-resistant strain
has been determined (Sebaihia et al., Nature Genetics, 2006, volume 38, number
7, pages 779-786). The chromosome of Clostridium difficile strain 630 encodes
3,776 predicted protein sequences. The plasmid of Clostridium difficile strain 630
carries 11 predicted coding sequences. The sequence and annotation of the
Clostridium difficile strain 630 chromosome and plasmid have been deposited in the
EMBL database under accession numbers AM180355 and AM180356,
respectively. In the above mentioned Sebaihia et al. publication, each coding
sequence is assigned a name which begins "CD", for example CD0001. The same
nomenclature is used in the present specification. Throughout this application,
references to the genes "CD2961", "CD3617", "CD3618", "CD3635" or "CD3638"
etc. include coding and non-coding nucleotide sequences of these genes, unless
the context dictates otherwise. The coding nucleotide sequences of genes CD2961,
CD3617, CD3618, CD3635 and CD3638 are set forth in this application as SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4 and SEQ ID NO:5,
respectively. Detection of one or more of SEQ ID NOs 1-5 or products thereof
represents a preferred embodiment of the present invention.

As used herein, a "nucleic acid" is DNA or RNA, preferably DNA. As used
herein, a "nucleotide" is a deoxyribonucleotide or a ribonucleotide, preferably a
deoxyribonucleotide.

The nucleotide sequences of CD2961, CD3617, CD3618, CD3635 and
CD3638 were determined in Clostridium difficile strain 630, but it will be understood
in the art that modest sequence variation may occur between different strains and
ribotypes of Clostridium difficile. The methods of the present invention are intended
to detect one or more of these genes or gene products in all, or substantially all,
strains, ribotypes and isolates of Clostridium difficile. The genes are defined with
reference to strain 630 as discussed above and the equivalent gene sequences
(homologous sequences) in other strains, ribotypes and isolates of Clostridium
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difficile can be readily determined by the skilled man. Most preferably, the methods
will positively identify 100% of Clostridium difficile strains, ribotypes and isolates,
effective methods will positively identify at least 80%, preferably at least 90%, more
preferably at least 95%, e.g. at least 98% of all available Clostridium difficile strains,
ribotypes and isolates. Thus, nucleotide sequences that are homologous to SEQ
ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4 and SEQ ID NO:5 will
preferably be detected by the methods of the present invention.

As referred to herein, "homologous" nucleotide sequences may have at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identity to the nucleic acid
sequences of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4 and SEQ
ID NO:5.

Sequence alignments and percent identity calculations may be determined
using any method or tool known in the art including, but not limited to, the Megalign
program of the LASERGENE bioinformatics computing suite (DNASTAR Inc.,
Madison, WI), the Clustal V method of alignment (Higgins and Sharp (1989)
CABIOS. 5:151-153) and the BLAST 2.0 suite of programs. Software for
performing BLAST analyses is publicly available, e.g., through the National Center
for Biotechnology Information. The skilled man will be able to set the parameters of
these tools to suit his desired purpose.

"Homologous" nucleotide sequences may be identified using
oligonucleotide primer pairs directed to SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4 and SEQ ID NO:5. Such oligonucleotide primer pairs may be
capable of hybridising to, and, when combined with a nucleic acid amplification
step, amplifying a portion of a nucleic acid that is homologous to SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4 or SEQ ID NO:5. The amplified
portion of nucleic acid may then be sequenced and the sequence compared to an
appropriate nucleic acid sequence database to identify nucleic acids homologous to
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4 or SEQ ID NO:5.
Methods of identifying genes using oligonucleotide primer pairs are well known in
the art.

The nucleic acid of SEQ ID: NO: 1 may be detected using the primer pair as
set forth in SEQ ID NO:11 and SEQ ID NO:12. Thus, sequences homologous to
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SEQ ID NO: 1 may be identified using the primer pair as set forth in SEQ ID NO: 11
and SEQ ID NO:12.

The nucleic acid of SEQ ID: NO: 2 may be detected using the primer pair as
set forth in SEQ ID NO:13 and SEQ ID NO:14. Thus, sequences homologous to
SEQ ID NO: 2 may be identified using the primer pair as set forth in SEQ ID NO:13
and SEQ ID NO:14.

The nucleic acid of SEQ ID: NO: 3 may be detected using the primer pair as
set forth in SEQ ID NO:15 and SEQ ID NO:16. Thus, sequences homologous to
SEQ ID NO: 3 may be identified using the primer pair as set forth in SEQ ID NO:15
and SEQ ID NO:16.

The nucleic acid of SEQ ID: NO:4 may be detected using the primer pair as
set forth in SEQ ID NO:17 and SEQ ID NO:18. Thus, sequences homologous to
SEQ ID NO: 4 may be identified using the primer pair as set forth in SEQ ID NO:17
and SEQ ID NO:18.

The nucleic acid of SEQ ID: NO:5 may be detected using the primer pair as
set forth in SEQ ID NO:19 and SEQ ID NO:20. Thus, sequences homologous to
SEQ ID NO: 5 may be identified using the primer pair as set forth in SEQ ID NO: 19
and SEQ ID NO:20.

Thus methods of the invention which employ the above primers or
sequences homologous thereto represent preferred embodiments.

It is well understood in the art that when detecting the presence of a gene in
a sample, it is not necessary to detect the presence of the entire gene sequence;
detecting the presence of a fragment of a gene may be indicative of the presence of
the entire gene.

In a preferred method of the invention, the presence of one or more of the
nucleotide sequences selected from the group consisting of SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4 and SEQ ID NO:5 is detected.

As referred to herein "one or more genes selected from the group consisting
of CD2961, CD3617, CD3618, CD3635 and CD3638" means one, two, three, four
or five genes selected from the group consisting of CD2961, CD3617, CD3618,
CD3635 and CD3638. "One" gene means either CD2961, CD3617, CD3618,
CD3635 or CD3638. "Two" genes may mean CD2961 and CD3617; CD2961 and
CD3618; CD2961 and CD3635; CD2961 and CD3638; CD3617 and CD3618;
CD3617 and CD3635; CD3617 and CD3638; CD3618 and CD3635; CD3618 and
CD3638; or CD3635 and CD3638. "Three" genes may mean CD2961, CD3617
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and CD3618; CD2961, CD3617 and CD3635; CD2961, CD3617 and CD3638;
CD2961, CD3618 and CD3635; CD2961, CD3618 and CD3638; CD2961, CD3635
and CD3638; CD3617, CD3618 and CD3635; CD3617, CD3618 and CD3638; or
CD3618, CD3635 and CD3638. "Four" genes may mean CD2961, CD3617,
CD3618 and CD3635; CD2961, CD3618, CD3635 and CD3638; CD2961, CD3617,
CD3635 and CD3638; CD2961, CD3617, CD3618, and CD3638; or CD3617,
CD3618, CD3635 and CD3638. "Five" genes means CD2961, CD3617, CD3618,
CD3635 and CD3638.

As referred to herein one or more of the nucleotide sequences selected from
the group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4
and SEQ ID NO:5 means one, two, three, four or five nucleotide sequences
selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4 and SEQ ID NO:5. "One" nucleotide sequence means either SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4 or SEQ ID NO:5. "Two"
nucleotide sequences may mean SEQ ID NO:1 and SEQ ID NO:2; SEQ ID NO:1
and SEQ ID NO:3; SEQ ID NO:1 and SEQ ID NO:4; SEQ ID NO:1 and SEQ ID
NO:5; SEQ ID NO:2 and SEQ ID NO:3; SEQ ID NO:2 and SEQ ID NO:4; SEQ ID
NO:2 and SEQ ID NO:5; SEQ ID NO:3 and SEQ ID NO:4; SEQ ID NO:3 and SEQ
ID NO:5; or SEQ ID NO:4 and SEQ ID NO:5. "Three" nucleotide sequences may
mean SEQ ID NO:1, SEQ ID NO:2 and SEQ ID NO:3; SEQ ID NO:1, SEQ ID NO:2
and SEQ ID NO:4; SEQ ID NO:1, SEQ ID NO:2 and SEQ ID NO:5; SEQ ID NO:1,
SEQ ID NO:3 and SEQ ID NO:4; SEQ ID NO:1, SEQ ID NO:3 and SEQ ID NO:5;
SEQ ID NO:1, SEQ ID NO:4 and SEQ ID NO:5; SEQ ID NO:2, SEQ ID NO:3 and
SEQ ID NO:4; SEQ ID NO:2, SEQ ID NO:3 and SEQ ID NO:5; or SEQ ID NO:3,
SEQ ID NO:4 and SEQ ID NO:5. "Four" nucleotide sequences may mean SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3 and SEQ ID NO:4; SEQ ID NO:1, SEQ ID NO:2,
SEQ ID NO:4 and SEQ ID NO:5; SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:4 and
SEQ ID NO:5; SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, and SEQ ID NO:5; or
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4 and SEQ ID NO:5. "Five" nucleotide
sequences means SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4 and
SEQ ID NO:5.

As referred to herein, a "product” of a gene includes mRNA molecules
transcribed from the gene or polypeptides encoded by the gene. It will be
appreciated that an mRNA molecule will comprise the same sequence as the DNA
molecule from which it was transcribed, with the exception the mRNA molecule will
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comprise uracil whereas the DNA molecule from which it was transcribed would
instead comprise thymine at the corresponding positions.

In one embodiment, the gene product detected by the methods of the
invention is an mRNA molecule. Itis not necessary to detect the presence of the
entire mRNA molecule (i.e. the entire mRNA nucleotide sequence); detecting the
presence of a fragment of an mRNA molecule can be indicative of the presence of
the entire mRNA molecule.

In another embodiment, the gene product detected by the methods of the
invention is a polypeptide. A polypeptide of the sequence set forth in SEQ ID NO:6
is encoded by the nucleotide sequence of SEQ ID NO:1. A polypeptide having the
sequence set forth in SEQ ID NO:7 is encoded by the nucleic acid sequence of
SEQ ID NO:2. A polypeptide of the sequence set forth in SEQ ID NO:8 is encoded
by the nucleotide sequence of SEQ ID NO:3. A polypeptide of the sequence set
forth in SEQ ID NO:9 is encoded by the nucleotide sequence of SEQ ID NO:4. A
polypeptide of the sequence set forth in SEQ ID NO:10 is encoded by the
nucleotide sequence of SEQ ID NO:5. Thus, in a preferred embodiment, one or
more of the polypeptides selected from the group consisting of SEQ ID NO:6, SEQ
ID NO:7, SEQ ID NO:8, SEQ ID NO:9 and SEQ ID NO:10 are detected.

It will be appreciated that modest amino acid sequence variation may occur
between different strains, ribotypes and isolates of Clostridium difficile. Thus,
polypeptides homologous to SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID
NO:9 or SEQ ID NO:10 will preferably be detected in the methods of the present
invention. Such homologous nucleotide sequences may have at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% identity to the polypeptide sequences of SEQ ID
NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9 and SEQ ID NO:10.

It is not necessary to detect the presence of the entire polypeptide (i.e. the
polypeptide's entire amino acid sequence); detecting the presence of a fragment of
a polypeptide may be indicative of the presence of the entire polypeptide.

A number of different methods for detecting nucleic acids are known and
described in the literature and any of these may be used according to the present
invention. At its simplest, the nucleic acid may be detected by hybridisation to a
probe (e.g. an oligonucleotide probe) and many such hybridisation protocols have
been described (see e.g. Sambrook et al., , Molecular cloning: A Laboratory
Manual, 3rd Ed., 2001, Cold Spring Harbor Press, Cold Spring Harbor, NY).
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Typically, the detection will involve a hybridisation step and/or an in vitro
amplification step.

In one embodiment, the target nucleic acid in a sample may be detected by
using an oligonucleotide with a label attached thereto, which can hybridise to the
nucleic acid sequence of interest. Such a labelled oligonucleotide will allow
detection by direct means or indirect means. In other words, such an
oligonucleotide may be used simply as a conventional oligonucleotide probe. After
contact of such a probe with the sample under conditions which allow hybridisation,
and typically following a step (or steps) to remove unbound labelled oligonucleotide
and/or non-specifically bound oligonucleotide, the signal from the label of the probe
emanating from the sample may be detected. In preferred embodiments the label
is selected such that it is detectable only when the probe is hybridised to its target.

In another embodiment, the target nucleic acid in a sample may be
determined by using an oligonucleotide probe which is labelled only when
hybridised to its target sequence, i.e. the probe may be selectively labelled.
Conveniently, selective labelling may be achieved using labelled nucleotides, i.e. by
incorporation into the oligonucleotide probe of a nucleotide carrying a label. In
other words, selective labelling may occur by chain extension of the oligonucleotide
probe using a polymerase enzyme which incorporates a labelled nucleotide,
preferably a labelled dideoxynucleotide (e.g. ddATP, ddCTP, ddGTP, ddTTP,
ddUTP). This approach to the detection of specific nucleotide sequences is
sometimes referred to as primer extension analysis. Suitable primer extension
analysis techniques are well known to the skilled man, e.g. those techniques
disclosed in W0O99/50448, the contents of which are incorporated herein by
reference.

In a preferred embodiment of the present invention, the presence of genes,
mRNA gene products, or fragments thereof, are detected by a primer-dependent
nucleic acid amplification reaction. The amplification reaction is allowed to proceed
for a duration (e.g. number of cycles) and under conditions that generate a
sufficient amount of amplification product. Most conveniently the polymerase chain
reaction (PCR) will be used, although the skilled man would be aware of other
techniques. For instance LAR/LCR, SDA, Loop-mediated isothermal amplification
and nucleic acid sequence based amplification (NASBA)/3SR (Self-Sustaining
Sequence Replication) may be used. If an mRNA gene product is to be detected, it
will first be converted into a cDNA molecule by reverse transcription using a reverse
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transcriptase enzyme to generate a cDNA molecule. Upon completion of the
reverse transcription reaction, the cDNA can be used as the template for the
primer-dependent nucleic acid amplification reaction. A person skilled in the art will
be well aware of how to generate cDNA molecules from mRNA molecules.

Many variations of PCR have been developed, for instance Real Time PCR
(also known as quantitative PCR, gPCR), hot-start PCR, competitive PCR, and so
on, and these may all be employed where appropriate to the needs of the skilled
man.

In one basic embodiment using a PCR based amplification, the
oligonucleotide primers of the invention are contacted with a reaction mixture
containing the target sequence and free nucleotides in a suitable buffer. Thermal
cycling of the resulting mixture in the presence of a DNA polymerase results in
amplification of the sequence between the primers.

Optimal performance of the PCR process is influenced by choice of
temperature, time at temperature, and length of time between temperatures for
each step in the cycle. A typical cycling profile for PCR amplification is (a) 5
minutes of DNA melting (denaturation) at 95°C; (b) 30 seconds of DNA melting
(denaturation) at 95°C; (c) 30 seconds of primer annealing at 50-65°C; (d) 30
seconds of primer extension at 68°C-72°C, preferably 72°C; and steps (b)-(d) are
repeated as many times as necessary to obtain the desired level of amplification. A
final primer extension step may also be performed. The final primer extension step
may be performed at 68°C-72°C, preferably 72°C. In certain embodiments the
annealing step is performed at 50-60°C, e.g. 50-58°C, 52-58°C, 54-58°C, 53-57°C,
or 53-55°C. In other embodiments the annealing step is performed at about 55°C
(e.9. 55°C14°C, 55°C+3°C, 55°C+2°C 55°C£1°C or 55°C+0.5°C). The annealing
step of other amplification reactions may also be performed at any of these
temperatures.

The detection method of the present invention may be performed with any of
the standard mastermixes and enzymes available.

Modifications of the basic PCR method such as gPCR (Real Time PCR)
have been developed that can provide quantitative information on the template
being amplified. Numerous approaches have been taken although the two most
common techniques use double-stranded DNA binding fluorescent dyes or
selective fluorescent reporter probes.
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Double-stranded DNA binding fluorescent dyes, for instance SYBR Green,
associate with the amplification product as it is produced and when associated the
dye fluoresces. Accordingly, by measuring fluorescence after every PCR cycle, the
relative amount of amplification product can be monitored in real time. Through the
use of internal standards and controls, this information can be translated into
quantitative data on the amount of template at the start of the reaction.

The fluorescent reporter probes used in gPCR are sequence specific
oligonucleotides, typically RNA or DNA, that have a fluorescent reporter molecule at
one end and a quencher molecule at the other (e.g. the reporter molecule is at the
5' end and a quencher molecule at the 3' end or vice versa). The probe is designed
so that the reporter is quenched by the quencher. The probe is also designed to
hybridise selectively to particular regions of complementary sequence which might
be in the template. If these regions are between the annealed PCR primers the
polymerase, if it has exonuclease activity, will degrade (depolymerise) the bound
probe as it extends the nascent nucleic acid chain it is polymerising. This will
relieve the quenching and fluorescence will rise. Accordingly, by measuring
fluorescence after every PCR cycle, the relative amount of amplification product
can be monitored in real time. Through the use of internal standard and controls,
this information can be translated into quantitative data.

The ampilification product may be detected, and amounts of amplification
product can be determined by any convenient means. A vast number of techniques
are routinely employed as standard laboratory techniques and the literature has
descriptions of more specialised approaches. At its most simple the amplification
product may be detected by visual inspection of the reaction mixture at the end of
the reaction or at a desired time point. Typically the amplification product will be
resolved with the aid of a label that may be preferentially bound to the amplification
product. Typically a dye substance, e.g. a colorimetric, chromomeric fluorescent or
luminescent dye (for instance ethidium bromide or SYBR green) is used. In other
embodiments a labelled oligonucleotide probe that preferentially binds the
amplification product is used.

The presence of gene CD2961 and of a nucleotide sequence of SEQ ID:
NO: 1 may be detected using a primer-dependent nucleic acid amplification
reaction with a forward primer comprising the sequence of SEQ ID NO: 11 and a
reverse primer comprising the sequence of SEQ ID NO:12.
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Thus, in a further aspect, the present invention provides a primer pair
consisting of

(i) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 11 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 11; and

(i) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO 12 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO 12.

The presence of gene CD3617 and of a nucleotide sequence of SEQ ID:
NO: 2 may be detected using a primer-dependent nucleic acid amplification
reaction with a forward primer comprising the sequence of SEQ ID NO:13 and a
reverse primer comprising the sequence of SEQ ID NO:14.

Thus, in a further aspect, the present invention provides a primer pair
consisting of

(i) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 13 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 13; and

(i) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO 14 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO 14.

The presence of gene CD3618 and of a nucleic acid sequence of SEQ ID:
NO: 3 may be detected using a primer-dependent nucleic acid amplification
reaction with a forward primer comprising the sequence of SEQ ID NO: 15 and a
reverse primer comprising the sequence of SEQ ID NO:16.

Thus, in a further aspect, the present invention provides a primer pair
consisting of

(i) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 15 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 15; and

(i) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 16 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 16.

The presence of gene CD3635 and of a nucleic acid sequence of SEQ ID:
NO: 4 may be detected using a primer-dependent nucleic acid amplification
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reaction with a forward primer comprising the sequence of SEQ ID NO:17 and a
reverse primer comprising the sequence of SEQ ID NO:18.

Thus, in a further aspect, the present invention provides a primer pair
consisting of

(i) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO:17 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO:17; and

(i) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO:18 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO:18.

The presence of gene CD3638 and of a nucleic acid sequence of SEQ
ID:NO:5 may be detected using a primer-dependent nucleic acid amplification
reaction with a forward primer comprising the sequence of SEQ ID NO:19 and a
reverse primer comprising the sequence of SEQ ID NO:20.

Thus, in a further aspect, the present invention provides a primer pair
consisting of

(i) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO:19 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO:19; and

(i) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO:20 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO:20.

Throughout the text, references to SEQ ID NOs: 11, 12, 13, 14, 15, 16, 17,
18, 19, or 20 also include nucleotide sequences capable of hybridising under high
stringency conditions to the sequence complementary to SEQ ID NOs: 11, 12, 13,
14,15, 16, 17, 18, 19, or 20, respectively.

The oligonucleotide primers of the invention may comprise up to 100
nucleotides, preferably up to 80, 60, 50, 40, 30 or 25 nucleotides. The
oligonucleotide primers of the invention may comprise at least 18, preferably at
least 19, 20, 21, 22, 23, 24 or at least 25 nucleotides, e.g. 20-40 nucleotides. The
nucleotides of the oligonucleotide can be any type of nucleotide so long as
hybridisation specificity or efficiency and amplification efficiency is not detrimentally
effected. The oligonucleotide may therefore be a deoxyribonucleotide, a
ribonucleotide, modifications thereof (e.g. PNA, morpholino-, LNA) and mixtures
thereof. DNA oligonucleotides are preferred.
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High stringency conditions for hybridisation are defined as 2x SSC/50%
formamide at 50°C for binding conditions and 2 x SSC at 65°C for washing
conditions (where SSC = 0.15 M NaCl, 0.015 M sodium citrate, pH 7.2).

In preferred embodiments the nucleotide sequences that can hybridise to
the nucleotide sequence complementary to SEQ ID NOs:11, 12, 13, 14, 15, 16, 17,
18, 19, or 20 under high stringency conditions will hybridise to all, or substantially
all, e.g. atleast 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 or 25 contiguous
nucleotides of the nucleotide sequence complementary to SEQ ID NOs:11, 12, 13,
14,15, 16, 17, 18, 19 or 20, respectively.

In the methods of the present invention, polypeptide gene products, or
fragments thereof may be detected by a suitable method known in the art. Suitable
methods may include any antibody-mediated detection method. Suitable antibody-
mediated detection methods include immunoblotting (e.g. western blotting),
immunofluorescence assays, radioimmunoassays, or ELISAs.

Depending on the conditions employed, detection of a gene or product
thereof may be a partially, semi-, or fully quantitative measurement, but can also be
a qualitative (or relative) measure in which results from a sample which does not
contain one or more of the genes selected from the group consisting of CD2961,
CD3617, CD3618, CD3635, or CD3638, or products thereof, are simply compared
to results from the sample under investigation, with any differences between the
two being noted without numerical values being affixed.

The methods of the invention are able to detect the presence of the genes
CD2961, CD3617, CD3618, CD3635, and CD3638, or products thereof, in multiple
clinically important Clostridium difficile strains and ribotypes. Preferred Clostridium
difficile strains which can be detected include Clostridium difficile strain 630 (a
Clostridium difficile strain of ribotype 12) and Clostridium difficile strain qcd32_g58
(a Clostridium difficile strain of ribotype 27). Preferred Clostridium difficile ribotypes
which can be detected include 106, 078, 020, 001, 005, 026, 014 and 027. Other
preferred Clostridium difficile ribotypes which can be detected include 078v, 015,
015-19, 023, 002, 053, 140.

The sample which is tested according to the methods of the invention is
preferably a body fluid, swab or other cellular or non-cellular sample from a human.
Such samples include, but are not limited to, bodily fluids which contain cellular
materials and may or may not contain cells, e.g., blood, plasma, serum, urine,

conjunctival secretions, seminal fluid, saliva, ocular lens fluid, lymphatic fluid,
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amniotic fluid, faeces/stool and the like; endocervical, urethral, rectal, vaginal,
vulva-vaginal, nasopharyngeal and pulmonary samples; and archival samples with
known diagnosis. Test samples may also be sections of tissues such as frozen
sections.

The sample may be any sample taken from the gastrointestinal Gl tract.
The Gl tract, also referred to as the digestive tract or alimentary canal (and which
terms may be used interchangeably with Gl tract) is the continuous series of organs
beginning at the mouth and ending at the anus. Specifically this sequence consists
of the mouth, the pharynx, the oesophagus, the stomach, the duodenum, the small
intestine, the large intestine and the anus. These organs can be subdivided into the
upper Gl tract, consisting of the mouth, pharynx, oesophagus, stomach, and
duodenum, and the lower Gl tract, consisting of the jejunum, the ileum (together the
small intestine), the cecum, the colon, the rectum (together the large intestine) and
the anus.

A Gl tract sample of use in the invention may include, but is not limited to
any fluid or solid taken from the lumen or surface of the Gl tract or any sample of
any of the tissues that form the organs of the Gl tract. Thus the sample may be any
luminal content of the Gl tract (e.g. stomach contents, intestinal contents, mucus
and faeces/stool, or combinations thereof) as well as samples obtained
mechanically from the Gl tract e.g. by swab, rinse, aspirate or scrape of a Gl tract
cavity or surface or by biopsy of a Gl tract tissue/organ.

The sample can also be obtained from part of a Gl tract tissue/organ which
has been removed surgically. The sample may be a portion of the excised
tissue/organ. In embodiments where the sample is a sample of a Gl tract
tissue/organ the sample may comprise a part of the mucosa, the submucosa, the
muscularis externa, the adventitia and/or the serosa of the Gl tract tissue/organ.
Such tissue samples may be obtained by biopsy during an endoscopic procedure.

Samples may also be sections of tissues such as frozen sections.

Samples of use in the invention may also include environmental samples,
preferably samples from a hospital or other clinical setting. Examples of such
environmental samples include samples obtained from surfaces (e.g. floors),
samples obtained from clothing, samples obtained from toilets, commodes,
bedpans and the like, samples obtained from clinical devices (e.g. endoscopes),
samples of the water supply, or air treatment apparatus of the hospital or other
clinical setting, and samples obtained from the hands of healthcare workers.
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The term "sample" also encompasses any material derived by processing a
biological sample. Derived materials include, but are not limited to, cells (or their
progeny) isolated from the sample (e.g. clinical isolates of Clostridium difficile), cell
components, proteins/peptides and nucleic acid molecules (DNA or RNA) extracted
from the sample. Processing of biological samples to obtain a test sample may
involve one or more of: filtration, distillation, centrifugation, extraction,
concentration, dilution, purification, inactivation of interfering components, addition
of reagents, and the like.

The subject may be any human or non-human animal subject, but more
particularly may be a vertebrate, e.g. an animal selected from mammals, birds,
amphibians, fish and reptiles. The animal may be a livestock or a domestic animal
or an animal of commercial value, including laboratory animals or an animal in a
zoo or game park. Preferably the subjectis a human. The subject may be of any
age, e.g. an infant, a child, a juvenile, an adolescent or an adult.

As mentioned previously, the presence of one or more genes selected from
the group consisting of CD2961, CD3617, CD3618, CD3635, and CD3638, or
product thereof, is indicative of the presence of Clostridium difficile in a sample.
Accordingly, the presence of one or more genes selected from the group consisting
of CD2961, CD3617, CD3618, CD3635, and CD3638, or product thereof is
indicative of the presence of Clostridium difficile and/or a Clostridium difficile
infection in the subject from whom the sample was taken.

Thus, in a further aspect, the present invention provides a method of
diagnosing a Clostridium difficile infection in a subject, said method comprising
detecting the presence of one or more genes selected from the group consisting of
CD2961, CD3617, CD3618, CD3635 and CD3638, or a product of said genes, in a
sample that has been obtained from a subject. The presence of said one or more
genes or product thereof is indicative of the presence of Clostridium difficile in said
sample. As the sample has been obtained from said subject, the presence of one
or more genes selected from the group consisting of CD2961, CD3617, CD3618,
CD3635 and CD3638, or a product of said genes, in the sample is diagnostic of a
Clostridium difficile infection in the subject from whom the sample has been
obtained. All discussion of the various features of the methods of the invention and
preferred embodiments apply mutatis mutandis to this aspect of the invention.
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The methods of the present invention may be repeated over a period of time
(e.g. one week or one month) on further samples that have been obtained from a
subject undergoing treatment for a Clostridium difficile infection. Such repeated
performance of the methods of the invention may yield information that is useful in
determining the efficacy of the therapeutic regime being used to treat the
Clostridium difficile infection. For example, failure to detect the presence of one or
more genes selected from the group consisting of CD2961, CD3617, CD3618,
CD3635 and CD3638, or a product of said genes, in a sample obtained from a
subject being treated for a Clostridium difficile infection may indicate that the
subject no longer has a Clostridium difficile infection. If quantitative methods are
used, then a reduction in the amount of one or more genes selected from the group
consisting of CD2961, CD3617, CD3618, CD3635 and CD3638, or a product of
said genes, in a sample obtained from a subject being treated for a Clostridium
difficile infection may indicate that the therapeutic regime is being effective.

Thus, in another aspect, the present invention provides a method of
determining the efficacy of a therapeutic regime being used to treat a Clostridium
difficile infection, said method comprising:

(i) detecting the presence of one or more genes selected from the group
consisting of CD2961, CD3617, CD3618, CD3635 and CD3638, or a product of
said genes, in a sample that has been obtained from a subject being treated for a
Clostridium difficile infection; and

(i) repeating step (i) on one or more further samples that have been
obtained from the subject being treated for a Clostridium difficile infection.

Thus, for example, further samples will be obtained during the course of the
treatment and/or after the treatment period has ended.

All discussion of the various features of the methods of the invention and preferred
embodiments apply mutatis mutandis to this aspect of the invention.

In a further aspect the invention provides kits comprising one or more
detection moieties for the detection of one or more genes selected from the group
consisting of CD2961, CD3617, CD3618, CD3635 and CD3638, or a product of
said genes. Preferably the detection moiety is an oligonucleotide, which may be
labelled or unlabelled and may form part of a primer pair of oligonucleotides
designed for participation in an amplification reaction. Suitable moieties include,
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but are not limited to antibodies directed against the polypeptide products of
CD2961, CD3617, CD3618, CD3635 or CD3638, and the oligonucleotide primers
described above. Preferably the kit comprises one or more of the primer pairs
described above as detection moieties.

The kits of the invention are designed for use in the methods of the
invention and may comprise further components. Each component may be
provided in a separate compartment or vessel. Where convenient and practical,
mixtures of components could be provided. The components may be provided in
dry, e.g. crystallised, freeze dried or lyophilised, form or in solution, typically such
liquid compositions will be aqueous and buffered with a standard buffer such as
Tris, HEPES, etc.

The kit may also be provided with instructions for using the kit in the
detection of Clostridium difficile (or for testing a sample for the presence of
Clostridium difficile), or with directions for how such instructions may be obtained.

Further components might optionally be any or all of the means, e.g. buffers,
enzymes etc. for performing an amplification and/or primer extension reaction with
the oligonucleotides of the invention. For instance, the kits may optionally contain a
PCR reaction buffer, nucleotide triphosphates (which may be labelled, e.g. labelled
ddNTPs), further oligonucleotide primers, or DNA polymerases, preferably a
thermostable polymerase such as Taq polymerase.

Further components might optionally be any or all of the means, e.g. buffers,
enzymes etc. for performing a reverse transcription reaction. For instance a
reverse transcriptase, RNA specific primers, an RT reaction buffer, and nucleotide
triphosphates.

Further components might optionally be any or all of the means to take the
sample. For instance such means might include dipsticks, biopsy apparatus,
swabbing devices, pouches or vessels. Preferably these means will be provided in
sterile form.

Further components might optionally be any or all of the means to purify or
refine the sample. For instance means to isolate or concentrate cells in a sample,
e.g. cell binding solid supports or filtration devices. In other embodiments the
means to purify or refine the sample might be any or all of the means for extracting
nucleic acid from a sample. For instance cell lysis reagents (e.g. chaotropic salts,
alcohols, detergents, membrane altering compounds), nucleic acid binding solid
supports or nucleic acid precipitating agents (e.g. salts, alcohols).
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Further components might optionally be any or all of the means to detect
amplified nucleic acid. For instance the labels described herein (e.g. double
stranded DNA binding dyes, labelled oligonucleotide probes), apparatus to detect
these labels, electrophoresis materials and apparatus, or chromatography materials
and apparatus.

In another aspect, as an alternative to the five target genes described in
detail above, the methods described herein may be performed by analysing for, or
detecting the presence of, one or more of the genes selected from the group
consisting of, CD0588, CD0638, CD1234, CD1423, CD1424, CD1487, CD1543a,
CD1728, CD1794, CD1897, CD1906, CD2046, CD2098, CD2216, CD2248,
CD2264, CD2274, CD2300, CD2306, CD2309, CD2563, CD3188, CD3288,
CD3321, CD3367, CD3369, CD3609 and CD3656, or a product of said genes. Of
this further group of genes, one or more of the genes selected from the group
consisting of CD0638, CD1424, CD1487, CD1543a, CD1794, CD1906, CD2046,
CD2098, CD2216, CD2264, CD2274, CD2309, CD3188, CD3288, CD3367 and
CD3609 are preferred. One or more of the genes selected from the group
consisting of CD3635, CD3638, CD0638, CD1424, CD1487, CD1543a, CD1794,
CD1906, CD2046, CD2098, CD2216, CD2264, CD2274, CD2309, CD3188,
CD3288, CD3367 and CD3609, are especially preferred.

Preferred embodiments of the methods and kits described above apply,
mutatis mutandis, to the detection of, or analysis for, one or more of these further
groups of genes.

Thus, the invention provides a method of detecting Clostridium difficile in a
sample, said method comprising detecting the presence in said sample of one or
more genes selected from the group consisting of CD3609, CD3617, CD3618,
CD3635, CD3638, CD0638, CD1424, CD1487, CD1543a, CD1794, CD1906,
CD2046, CD2098, CD2216, CD2264, CD2274, CD2309, CD3188, CD3288,
CD3367 and CD2961, or a product of said genes. The presence of said one or
more genes or product thereof is indicative of the presence of Clostridium difficile in
said sample.

In a further aspect, the present invention also provides a method of
diagnosing a Clostridium difficile infection in a subject, said method comprising
detecting the presence of one or more genes selected from the group consisting of
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CD3609, CD3617, CD3618, CD3635, CD3638, CD0638, CD1424, CD1487,
CD1543a, CD1794, CD1906, CD2046, CD2098, CD2216, CD2264, CD2274,
CD2309, CD3188, CD3288, CD3367 and CD2961, or a product of said genes, in a
sample that has been obtained from a subject. The presence of said one or more
genes or product thereof is indicative of the presence of Clostridium difficile in said
sample. As the sample has been obtained from said subject, the presence of one
or more genes selected from the group consisting of CD3609, CD3617, CD3618,
CD3635, CD3638, CD0638, CD1424, CD1487, CD1543a, CD1794, CD1906,
CD2046, CD2098, CD2216, CD2264, CD2274, CD2309, CD3188, CD3288,
CD3367 and CD2961, or a product of said genes, in the sample is diagnostic of a
Clostridium difficile infection in the subject from whom the sample has been
obtained.

In another aspect, the present invention provides a method of determining
the efficacy of a therapeutic regime being used to treat a Clostridium difficile
infection, said method comprising:

(i) detecting the presence of one or more genes selected from the group
consisting of CD3609, CD3617, CD3618, CD3635, CD3638, CD0638, CD1424,
CD1487, CD1543a, CD1794, CD1906, CD2046, CD2098, CD2216, CD2264,
CD2274, CD2309, CD3188, CD3288, CD3367 and CD2961, or a product of said
genes, in a sample that has been obtained from a subject being treated for a
Clostridium difficile infection; and

(i) repeating step (i) on one or more further samples that have been
obtained from the subject being treated for a Clostridium difficile infection.

In a further aspect, the present invention provides a method of testing for
the presence of Clostridium difficile in a sample, said method comprising analysing
said sample for the presence of one or more genes selected from the group
consisting of CD3609, CD3617, CD3618, CD3635, CD3638, CD0638, CD1424,
CD1487, CD1543a, CD1794, CD1906, CD2046, CD2098, CD2216, CD2264,
CD2274, CD2309, CD3188, CD3288, CD3367 and CD2961, or a product of said
genes. The presence of said one or more genes or product thereof is indicative of
the presence of Clostridium difficile in said sample.
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In a further aspect the present invention provides a primer pair selected from the
group consisting of

(a) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 67 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 67; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 68 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 68;

(b) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 13 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 13; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO 14 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO 14;

(c) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 15 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 15; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 16 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 16;

(d) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO:17 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO:17; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO:18 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO:18;

(e) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO:19 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO:19; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO:20 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO:20;

(f) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO:37 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 37; and



WO 2012/176004 PCT/GB2012/051483

10

15

20

25

30

-2

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO:38 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO:38 ;

(9) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 39 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 39; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 40 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 40;

(h) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 41 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 41; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 42 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 42;

(i) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 43 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 43; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO; 44 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 44;

(j) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 45 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 45; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 46 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 46;

(k) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 47 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 47; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 48 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 48;



WO 2012/176004 PCT/GB2012/051483

10

15

20

25

30

_23 -

(I) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 49 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 49; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO:50 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 50;

(m) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 51 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 51; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 52 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO 52;

(n) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 53 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 53; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 54 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO 54;

(o) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 55 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 55; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 56 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 56;

(p) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 57 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 57; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 58 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 58;

(9) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 59 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 59; and
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an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 60 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 60;

(r) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 61 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 61; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 62 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO 62;

(s) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 63 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 63; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 64 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 64;

() an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 65 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 65; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 66 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 66; and

(u) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 11 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 11; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 12 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 12.

In another aspect, the present invention provides a kit comprising one or
more detection moieties for the detection of one or more genes selected from the
group consisting of CD3609, CD3617, CD3618, CD3635, CD3638 CD0638,
CD1424, CD1487, CD1543a, CD1794, CD1906, CD2046, CD2098, CD2216,
CD2264, CD2274, CD2309, CD3188, CD3288, CD3367 and CD2961, or a product
of said genes.
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Preferred embodiments and other exemplification of the methods, kits and
primers discussed above in relation to genes selected from the group consisting of
CD2961, CD3617, CD3618, CD3635 and CD3638 apply, mutatis mutandis, to the
aspects of the invention relating to one or more of the genes selected from the
group consisting of CD3609, CD3617, CD3618, CD3635, CD3638, CD0638,
CD1424, CD1487, CD1543a, CD1794, CD1906, CD2046, CD2098, CD2216,
CD2264, CD2274, CD2309, CD3188, CD3288, CD3367 and CD2961.

Likewise, all of the definitions and discussion above in relation to genes
selected from the group consisting of CD2961, CD3617, CD3618, CD3635 and
CD3638 apply, mutatis mutandis, to the aspects of the invention relating to one or
more of the genes selected from the group consisting of CD3609, CD3617,
CD3618, CD3635, CD3638, CD0638, CD1424, CD1487, CD1543a, CD1794,
CD1906, CD2046, CD2098, CD2216, CD2264, CD2274, CD2309, CD3188,
CD3288, CD3367 and CD2961.

LIST OF NUCLEOTIDE AND AMINO ACID SEQUENCES DISCLOSED HEREIN
AND THEIR SEQUENCE IDENTIFIERS (SEQ ID NOs)

All nucleotide sequences are recited herein 5' to 3' in line with convention in

this technical field.

SEQ ID NO:1 (coding nucleotide sequence of CD2961)

ATGGCTTTTGAAATAATAAAAAGCATTGTTGAGGCAGAGCAGACAGCAGACAGTATCAAAGTAAAAGC
TGTITACTGATGCAGAGTCTATCAGAGCTGATGCTGTAAACAAATGTGAAAGCATATTTGCTGATGTAA
AAAAACAAGCAAAGCTTATGGAAGAAACTCTTATTGAGAAGGCAGTCACCGACAGTAGAGCAGAGGTT
GATAAAATCTTAGCTAATGCTAAAAGTGAATGTCTGAAAATTGAAAAAACTGCTGAAGAAAGAAAAAG
TAAGGCTATTGAAGCGGTTATTGGAAAGGTAGTGAGATAA

SEQ ID NO:2 (coding nucleotide sequence of CD3617)

ATGGTAAATATGAATATTATAGAAATTCGCTCAGATAAAATATACAAGAAGATAATGGAT
GCACCAATAAACAAAAAAGAAGATATATACAGATATGAATTAATGAAGCCTTTTGAATTT
AAGTGGAAGTGTATGAATGTTCCAATAGTTGCTAGACAGAAAGGTGGATATGATGTAATT
ATAGCAAGTGAAATGTTAGGGGTTTTATCGCCTAAGGATATTGATGAAAAGCAAAANAAG
AATATAAATGTIGITATCTGCTGATAAAATTTGGGCCACTTGTAAAGAAACCATAGAAAAC
TCTATAAATGCTTTTATAAAAGAAGGGTATGATTTAAACATTAAGGACTATAAATATTCA
ATATTATTGGCGAATCCAAATAGTCCTITATACAATATTAAGTGATGGATACTGGGGTGAT
GGTGGGATTCCTIGGATATATATTTCTATCATTIGGTTCCTAATGAATATACTATCAATAGA
TTACCAGTATTAATAGCACATGAATGTAATCACAATATTAGATTITCAGTTITATAGAGTGG
AATAATAATATAACATTAGAAGAAATGATGATAAATGAAGGTCTTGCAGAAAATTTTGCA
ACATGGATGTITTGGAGAGGAAATGTTAGGACCTTGGGTCAGTAGAACAGATATCGAAACA
TTAAATACTTATATAAAGCCAATAATAAAAAGTGCTTTAAAAGAAACTGGATTTCAAAAT
ATAACATCTTATCITTATGGTGATGATATAGCTAAAATGCAAGGATATTTTCCAGTAGGG




WO 2012/176004

10

15

20

25

30

35

40

45

50

226 -

TTGCCTTATTGTGCAGGATATGCTIGTGGATATTATATGATTAAGTATTATTTAGAAAAG
ACAAATAAATCAATAATCGAAGCGACTTTATTIGCCITATAGTGAGATAATCGAAGCAGTA
AAAGAGTTTTGGGAATAA

SEQ ID NO:3 (coding nucleotide sequence of CD3618)

TTGGTCATGCTAACTCCATATTTAATATTTAATGGTACTTGTGAAAAAGCATTTAATTTT
TATGCTGAGGCTTTCGGAGGAGGAAAAACTATATTTGCGCGATTAGACAGCAATCCAAAC
AATCCTIGITATGCACGCAAGTGTTACTTTCACAAAATACGAAGGTTGTATAATGGGTGCG
GATACAGACAAGCCIGTIGTAATTTCTGGCATGGCGATTTIGTGTTGTTCTACCATCTICGA
GAAGCGATAGAAGAAATATCIGTAAAACTTGCCGAAGGTGGTACACTTGTACAAGAATTT
TTACCACACCCACCACCACATCAAAATGATGGCGCTGCTGAAGTACTTGATAGGTATGGG
TATACTTGGTATTITAAGTACATAG

SEQ ID NO:4 (coding nucleotide sequence of CD3635)

ATGGCTATGGGTTITTGAATTTAAAATAATGAGAAGTTTAATATATGTAGGACTTGCCAAG
GAAGAATATAGACCTAAGCTAATGGACTGGTTATATCGTCACCATATTCCAGATAGTATT
AGCACTTITTGGACCATATTGTACTAAATATGCCTTTTATCAAGCATATCCTACACCAAAT
GAAGGTGAGCGTTTTGGTGCACGTAAGATGCAACTAACAGAACATTATTGGCTTGTAGAT
GAACATATGCCTIGAGATGGCAAATAGAATTATGACAGAATATATGCCTATGGATGTTICTA
CGTITGGCAAGGGTGTATACCAGATGTAGAAAATAAAAGGGTTCATGAAAATGCAGAAAGT
GGAGATGCAGGACGTGCAGTAGGTGGAGATAATGGATGTCCACCATTTATATTTGCCTTT
GTITCCAATAAACTGGGAAGAAGACTTTAGAGGAAAAGGACGTACTGTACAAGATGGACCA
AACTATCGTIGGCAATTTATGATTAAGTATCCAGATGGTATCTCTAAAGAAGAAGGAGAA
AAATGGTTCTATGATGAGGTAGTGCCATACTTTACAAACTGTTGCTATGTTAATCGTTTT
GICAGTAGTAAAATAATGATTAATTATGGAGCAACTGCTTTTGACCGTGTATCAGAACTA
TGGTTTGAAGGGGAAGAAGAATGGTATAAAGCTGTGGTTGAAGAAACAAAGTCGTTTATT
AAAAANCCAGAATGGGCACAAGAAGAGGAGTTICCCATATTTAAAACCACAATTCAATATC
GCATCAGTATTCTTAGGTGATATAGCAACTATGGATGCATACTCACAGTATCGTGGATAT
ATACCAATGAGATAA

SEQ ID NO:5 (coding nucleotide sequence of CD3638)

ATGGAAGATAAATTTTATGCAAAAGGCAACGGAAATAACGGATATATTAAAAATCTTGAA
GITTGTITCCTITTAATAACTTAGATGGAACTTIGTGGAATGTTTCAAATGGCTCTIGTACAAA
AGAGATGAAAAATACTATTTATATGGATGCTGTITTITGGAGGAAATAAAAAAAATGGAGTA
ATGATTAGCGATATTACAGACCCTTATAATCCACAATTTATAAAACATTITTCAAATGTTA
GACCCTAAAGAGTATCCTACAACAACAACTCCCAAAATTCAAATAGCAGATGATTTAATG
ATAGTAGCAATGAGTTIGTGGAAGTGGACCAGGAGCACTTGTTGACCAAGCTAAATTAGCA
AATATTAAGTGTGAAGCAGGAATTAGAATATACAGTTTAAAAGAAGACCCTTITAAATCCT
AAGTTTTTAGGATATTGGGATTGTGGCTTAAAGCATGTAATGGGTGTTICATAGATTTATG
TACAATGGTGGAAGATATGTACATTITATCAAGTGATTGTIGTITGGCTTITGAAGGTCTGATT
TATAGGGTCATAGATATAATAAATCCTACTAATCCAGTIGGAAATAGGTAAATGGTGGAGA
CCAGACCAATATGCAGATGGATATCCAAATAGAACTTITTGATGCAGGAGCACCTCATTGC
CCAGAATTTATGGATAAAGGATGGCTTCATGGACCTCCATTTGTAAGAGACGGAAAAGCA
TATTGTGGTTATGGAGGAGCTGGTTTAGTTGTATTAGATGTTGAAGATTTAACAAGACCA
AGATGCTTAGGTGAATTGCCATTTACGCCTGCATTITTCTAGTAGACTTGCAGGTIGCAAGA
ACTCATACAGCATTACCATTGCCAGGAAGAGATTTAGTICGTTGTTCAAAATGAGGGAGAA
AGATTCCAGTITICTITTAAACCAGATAACATTACAGATGTTCAAGCTATGAATAATATACAT
ATGGTTGATGTITAGTGACCCAACAAAACCAACATTAATTGCTCAATTTCCATATCCTGAA
GTITCCAAAAGATTTCCCITATCCTAACTTTAATGTTGCGGGATTAGGAAAACCAGGGCCA
TTTGGCCCACATAATCTTCATGAACCAATGGATAATAAGCCATGGTTAGAGCAAAGAGGA
GATAGAGTATATTGCTIGITATTTCCATGCAGGGCTAAGGGTTTATGATGTATCAGACCCA
TATTATATCAAAGAGCTAGCATATTTTATACCACCAAATCCAAATAAAACACCAGAAGAA
TCTTATTTCCCAGGATTCCCAGGACCACGCTTGGCAGTAACAGAAGATCTTATCGTTGAT
GATAGAGGCTACATCATCATAGATGCTTTAGATGATGGATTCTATATATTAAAAATGAAA
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GATGATTAA

SEQ ID NO:6 (amino acid sequence encoded by CD2961)

MAFEITKSIVEAEQTADSIKVKAVIDAESIRADAVNKCESIFADVKKQAKLMEETLIEKAVIDSRAEV
DKILANAKSECLKIEKTAEERKSKAIEAVIGKVVR

SEQ ID NO:7 (amino acid sequence encoded by CD3617)

MVNMNIIEIRSDKIYKKIMDAPINKKEDIYRYELMKPFEFKWKCMNVPIVARQKGGYDVIIASEMLGV
LSPKDIDEKQKKNINVLSADKIWATCKETIENSINAFIKEGYDLNIKDYKYSILLANPNPYTILSDGY
WGDGGIPGYIFLSLVPNEYTINRLPVLIAHECNHNIRFQFIEWNNNITLEEMMINEGLAENFATWMEG
EEMLGPWVSRIDIETLNTYIKPIIKSALKETGFONITSYLYGDDIAKMOGEFPVGLPYCAGYACGYYMI
KYYLEKTNKSIIEATLLPYSEITIEAVKEFWE

SEQ ID NO:8 (amino acid sequence encoded by CD3618)

MVMLTPYLIFNGTCEKAFNFYAEAFGGGKTIFARLDSNPNNPVMHASVTIFTKYEGCIMGADTDKPVVI
SGMAICVVLPSREAIEEISVKLAEGGTLVQEFLPHPPPHONDGAAEVLDRYGYTWYLST

SEQ ID NO:9 (amino acid sequence encoded by CD3635)

MAMGFEFKIMRSLIYVGLAKEEYRPKLMDWLYRHHIPDSISTFGPYCTKYAFYQAYPTPNEGERFGAR
KMOLTEHYWLVDEHMPEMANRIMTEYMPMDVLRWQGCIPDVENKRVHENAESGDAGRAVGDNGCPPE I
FAFVPINWEEDFRGKGRIVODGPNYRWQFMIKYPDGISKEEGEKWEYDEVVPYFTNCCYVNREVSSKI
MINYGATAFDRVSELWFEGEEEWYKAVVEETKSEF IKKPEWAQEEEFPYLKQFNIASVELGDIATMDAY
SQYRGYIPMR

SEQ ID NO:10 (amino acid sequence encoded by CD3638)

MEDKFYAKGNGNNGY IKNLEVCSENNLDGTCGMFQOMALYKRDEKYYLYGCCEFGGNKKNGVMISDITDP
YNPQFIKHFOQMLDPKEYPTTTTPKIQIADDLMIVAMSCGSGPGALVDQAKLANIKCEAGRIYSLKEDP
LNPKFLGYWDCGLKHVMGVHREMYNGGRYVHLSSDCVGFEGLIYRVIDIINPTNPVEIGKWWRPDQYA
DGYPNRTFDAGAPHCPEFMDKGWLHGPPFVRDGKAYCGYGGAGLVVLDVELTRPRCLGELPEFTPAFSS
RLAGARTHTALPLPGRDLVVVONEGERFQFFKPDNITDVQAMNNIHMVDVSDPTKPTLIAQFPYPEVP
KDFPYPNFNVAGLGKPGPFGPHNLHEPMDNKPWLEQRGDRVCCYFHAGLRVYDVSDPYYIKELAYFIP
PNPNKTPEESYFPGFPGPRLAVTEDLIVDDRGYIIIDALDDGEYILKMKDD

SEQ ID NO:11 (forward primer directed to SEQ ID NO: 1)
AGAAGGCAGTCACCGACAGT

SEQ ID NO:12 (reverse primer directed to SEQ ID NO: 1)
CCTTTCCAATAACCGCTTCA

SEQ ID NO:13 (forward primer directed to SEQ ID NO: 2)
GATGGATACTGGGGTGATGG
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SEQ ID NO:14 (reverse primer directed to SEQ ID NO: 2)

AAGGCAATAAAGTCGCTTCG

SEQ ID NO:15 (forward primer directed to SEQ ID NO: 3)

TTTAATGGTACTTGTGAAAAAGCAT

SEQ ID NO:16 (reverse primer directed to SEQ ID NO: 3)

GCCATCATTTTGATGTGGTG

SEQ ID NO:17 (forward primer directed to SEQ ID NO: 4)

CATATGCCTGAGATGGCAAA

SEQ ID NO:18 (reverse primer directed to SEQ ID NO: 4)

CTTGTGCCCATTCTGGTTTT

SEQ ID NO:19 (forward primer directed to SEQ ID NO: 5)

GGATGCTGTTTTGGAGGAAA

SEQ ID NO:20 (reverse primer directed to SEQ ID NO: 5)

AAATTCTGGGCAATGAGGTG

SEQ ID NO: 21 (coding nucleotide sequence of CD0638)

TTGITTATTTTGAATTTTGGAGGATTAATTATGGATTCAAATAATAATACTATAAAATCA
ACTGTTAAAAAGGGTATTTICTTTITGGTITCTTGTITTAGCAATGATTATTTCTITATACTGCA
TGGAAATCTATTCCATGGGCTATTTITTCATGGCTTAATGAGTTGGATATATGTACTTTAT
TATTGGGTTAAGTATGCATAG

SEQ ID NO: 22 (coding nucleotide sequence of CD1424)

ATGTTTAGAGATGAAATGGATAAATGTACACACATGTTAACTGCTTATATTAGTAGTTITA
TATGATTATTGTGATTITTATAGATACACAGCTAGATGATTTTATACTAGAGTACGGAGAA
AATGTAGTAGAATCTIGTITTACATCAAGTGATGGTATTGGTAAGTAAGTATAATTAA

SEQ ID NO: 23 (coding nucleotide sequence of CD1487)

ATGGAAAATGATACTATTAAGGCTGATGATATTCTCAATTATTGTICTATCAAACTTAGAT
GATGTTGTACTAATGGATAGTITGGGGGGAACGAGCAATTTACTACAATCCTAATGGTGTT
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TTAAAGCGAGGGGTATATGTITCTTACCATTAAGGAAAAAGACAGTAATAATGATAAAGGT
TCGTITAGTTAGTCGTCCAAATGTATACCGTGTGAATATAGGATTAAAAAAAGAAACTTTT
ATTGAAATGTTTGGATATATTCCAAAGCGTCCAGGTGTAGGTCAAATAGTTGATATGGAT
TTTGATTTTACAAAATTGGACACAATCATGCCACATCCTATCTACTCATGGATGGGATGG
ATATGCGTCCTAAGCCCTACTGAAAAGACATTITGAGAACTTTAAAACTTTAATAGGAGAA
TCTTACAATTTTGCAAAACAAAAATTTAAAAAGAGAAAAAACAAGTAA

SEQ ID NO: 24 (coding nucleotide sequence of CD1543a)

ATGCGAGAAGAAAAAAGTAATGAAAAGTATGATTGTTATTGGTGTAATCAAGAGAATAAT
TTCTGTGTAGAAATAAAAGATAATATAGTCATGATAGATGATGGCACTGGTACGTTAAAA
CAAGCCGTTTTCATAGGGTATAAACAAATCCAAATTAATTTAAACTGTITCACATTGTCAA
AACTTAAATAGAATAAAATTAAATTTGTAG

SEQ ID NO: 25 (coding nucleotide sequence of CD1794)

TTGTTTATAGATGAAGAATTAGAAGGTTATATATTAACATGTAAAATATCTGAAGACTTT
AAAAATATACCTGAATATAGTGATGAAGAGTTITTATGTTACAGTCTATAAAGATGAAAGT
TCTGACTCTGGGTACTATGCTTITATTAGAAAATAAAGAAGAAAGAGTTGTATGGGATGGA
GAAGTTGTTGCCAATAATATTITTTAATAACCTTTGGATTGTAGTAAATAAGGTTAAAACT
GGATAA

SEQ ID NO: 26 (coding nucleotide sequence of CD1906)

TTGCATATGGAAATCAATGTTATAGAAATTTTCCCTAAAGATAAAGCTAAACTTAATAAA
ATAGAAATGGATAAAGCTAGTTGGTTTGTAAATATAATAAGTAAAAAATATCCTAAAGAA
GCTITTAAATGAAGCATTTAGTACTTTAGAAAAAGAATTAAATATAAGTAAAGCTAATACA
TAA

SEQ ID NO: 27 (coding nucleotide sequence of CD2046)

GIGGATGAAATGCTTIGTATATAATAAAAGTTITTTATCCTAATGACATATTTCCAAGATTA
GATTTTTCAAAAATAAAAAAACAGTTAAAATTGATAGATAATGACCTGTCAGATTTITGGA
AGCATATGTATAATAGAAAAAGAACATTATACGATAAGTGTAAACAGTATAGGTGAAATA
AATGTGTACTATGATTITAGAGTACGAAAATAAGGTGTATAGAATAGTTITATGAGATTGAA
AAGTTATTTAAATCTCAAGTTGGAAGGTTITAGCATATCTACATACAGAAATTGA

SEQ ID NO: 28 (coding nucleotide sequence of CD2098)

TTGGCTGGTAATCTAAATAATATGAGAGCAGTAAATAATTTTAGAGGAGATAAGAACATT
TTAGAATGTTTAGTCAGCTITTGAGGGTCGTTCAATAAGTCAGAGAAAAGTAAGGGTATTT
TTTAAAGAAAAACAAAATCAAATAGAAATTGATTTTGCAGAAGAGGAAATTTCTAAATTG
GTITGAAAATGTTIGTTITTAAATACATCATATCAAGAAATGTTATATGATGAAATAGAGAAA
CAACTGGAAATTGATTGTATAGGTACTTGGATGATATTATCTAAATTAAAAGATGGTAGT
AGAGTTCACTGA
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SEQ ID NO: 29 (coding nucleotide sequence of CD2216)

ATGATTGTGATTGAAGGTAGCGATAAATTTAAGATTGCAAAAGAATATATTGATGTAGAA
TATACTICTTTTTAGCAAAGTAACTTITTAGGTATGAAAAGTTGAAATTTAAAGATAATGCT
GAATTGGAAAAAATTAAGATGTTTAAATATAAAAATGGCTACATCCCTAATAAATTAAAC
CITTCITTTGGATATGGATTCICTITCTTATAAAAAGCAAATAATTAGAGAAACTGTAGAT
ACTTTAAGATTGACAGAAATTTTTTCAAGCGAGAACATAGAAGATATTAAATTTATAAAA
GATGGTACAAAAAAATTAGAAATTAGCATAGAGAAAGTTGTGAAATTTAAACGTCGAAAA
AAAAGAAATTATGTITIGTTIGCTATTGCCCTGATATGTATAGGGACATAAAACTCGACAAA
GAATCTATCAATAAGATATACAACAGAAAAATAAAAATAGAAAGAGAAGTTAATATTTTT
GAAGATGAGGATGTTATAATAAACAAAAAAGTATTGAAGTTTCCAAAGTCTTGGACAAAG
AATATGCAAAAATATTGGTTAAGTGAAAATAAGTATCCCATACATTICTACTGTAATTGAT
GATGATAGATATAAATGTTIGTAATGTACAATATACAAAAAATAGAGTGATAATATTATAT
TACATATATAACCATTAA

SEQ ID NO: 30 (coding nucleotide sequence of CD2264)

GIGTTAAAAAAGTGGTITIGGTATTGTGAAAAAAAGACAAAAANGTGAGTCAGTAAAAGAA
GAAGGTGAAGTAATATTAAAAAACGAAAAAATATTATCTGAAGAAAAGTTGATAGATGAA
GAAGGAGTTGTAGTTAATATTGATAATGAAATATTAACTAAAGTAGAAGTAGTAAATGAT
GACAATGAAATAGAAGAAAAAATAATAGAAGAAGATTIGGTTAATTAGTGAAAATACCATA
AAATTAGATGATAAAGAAGCAATTATTAATGATAAAAACATAGAATTATGTAAAAANAGAA
GTITCAAGTTGAAGGTGAAAAAATAGATTTAAATAAGTTTGAAGGACTTGACCAAAATGAA
AATTATAATCTAGAAAAAAATGTTATTGAAGAAAAAGAAGTAAGTGAATGTTTGACAGAA
GAAGATTTAGAGTACATAAAAGAAATTAAAATAAAAAGAGGAAAAAGTATAAAAGCTATA
AACTTGTATACTAAAGAAGAGTGGGTITTITGACACTCATATACAGTGTAGTAAAAAACTC
AAAGTTCCATTAGGGTACATAAGAGAAAATTTAAAATATGGATATATGGATTACTTTIGGA
GATGCAATAAATTATTTAAGTGAAGTATTAAATATAGATGAATACTGCAAAAGTGAATGG
AGCTATCTCGATAATAGCAAATCTCCATCTGAGATATTTAATATTCTAAACAATAAAATA
TTTAGTATAAGGCTTICTAATGAAAAAAGAAATGAAATTTTGACAAATGATAAAATTGAA
GCATTAAAAATGAATTATAGATTTGAATGTATTGATGAAGAATATGATGAATATTTTAAA
AAATATAAGTCTATAATCAAAAGAGGTGGAAAGAAAAAAGTTGAATTAGTAAATAAAAAA
GGTGACATTTTAGAAATATTTAAGTCTTTAGAAGAATGTGCCATTTATTTGCAAAAGGAA
AAGAATGAAGTTATACAAATGTTAAAATATGGAGATACAAAAGTAGGAAGAAACTTTATA
AGGTATAGTTTGAGAAGTATTTAA

SEQ ID NO: 31 (coding nucleotide sequence of CD2274)

ATGGATTTAAGTGGCATATTTAAATACTATTGTAAAGAGTGTGAAAATACATGGAATAAT
TCGAGTIGTTGAATTATTTGAGAATATAGAAACGTATAGTAAAGATTCACAAAAAANGAGG
GAAAAAGAATTAGATAAATTGCTAAATACAATATCAGTITCATTITAGAGAGGTATCCAAGT
GATGCTGTATTGAGAAAAATGTGGGTAAAAAAGGGCGAGGTTITCTITACAAAAGACATTG
GAAAAAGAAAATATTTITTAAGTTAGAAAAAATGGATGTAGAGGATAGAAAAAAATTTTTA
GATATAACAAAACAGTITTATTAGAGATGCTAGAAAATTTGATGATGATTTACCTATAGGT
GATATTATGCAAGCTATGAGGAATGTATGGATTTCAAATGCATTACAATTATTATTTGGT
AAAGAAGTATATTATTCAAAAGCTAACTTITGCATATAGTATGTITATATCCATATACTGAT
AATTATTTAGACAATACAAATATAGATAAAAATGATAAGATTTTATTTAATAACTGGTTA
GAAAAAAGGCTCCTGGGAGAACACATTAAATCTAAGGATTATCATGAAAGTAAAGTATCT
CAAATGATAGATTATATTGAAAGTGTATACCCTAGAGAAAAGTTTACAGAAGTTTATGAA
TCGTITATTATTAATATTTAAAAGTCAAGTAAATAGTTTAAAACAACATGGTAAGGAAAAT
CATTTGTGTAAAGAAGATTTATTATCCATTTICTATTGAAAAAGGAGGTTCATCCGTITTTA
GTAGATGGATATTTAATAAGTGGATTGATGACAAAGGAAGAAATAGAGTTITTGTATAGGA
TATGGATTTTTATTACAAATATCTGATGATTTACAAGATATAAAAGAAGATTTAAAATAC
AACCATAAAACTATTATTACAGAGATGTCAAAAGAGGGTACTTTAGATAAAGTTGTAAAT
AAACTAATAAATTTTACTATTGAGTTAATAGATAGTTTITAAAATTAATAATAAAAATAAA
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TCIGTAATAACTATGATAAAGAATGATTGCTTAATGTTAATTITTATTITTCTGTAGTTTAT
AATGCTGAATTTTITTICTGTAGGATATATAAAAGAAGTAGAGAAATTTATTCCATATACA
ATAGATTATTCATTAGAGATTGAAGAAAAAATAAAAGAAAAATTTAAAAATATAGATGTT
TTAAATAATGAAAATGAATATAAAGAAATGATTGATATTATTTGTGCAGAGTAG

SEQ ID NO: 32 (coding nucleotide sequence of CD2309)

ATGTTTAGAGATAAAATGGATAAATGTACACATATGTTAACTGCTTATATTIGGTAGTTCA
TATGATTATTGTGATTITTATAGATACACAGTTAGATGATTTTATATTAGAGTACGGAGAA
AAAGTTGTGGAATCTTIGCTTGCATCAAGTGATGGTATTGGTAAGTAAGTATAATTAG

SEQ ID NO: 33 (coding nucleotide sequence of CD3188)

ATGAGCAAAAGTGAATTAACAGCAGAAACAACAGAAGAAATGTTAGAAGTACTAAGTGGT
AAAGATTATGATATTGCATGTCATTTACATGAACTTGGTAAATCATTAGATTGTAAAATT
GAACCAAAAACAGGTGCTICGITCTITACAAAATAGTATATTCAACTAAGAAACCAAAACGT
AGCTTATTTACTATTGAATGTAATGAAAAAAAATGGAGAGTTAAAGCAAATCTTTTTCAT
CTAAATACATATAAAGATGCTIGTGGAGGAATGCTCTAAAACTATTAAAGATAGTATAACT
AAAACTCGTACTIGTAAGAAATGTAATTCAAAGTGTATTGGAGGTTCTITCGTITTIGAATTA
GATGGAAAGTCTITACCTGACTTGCATAGGAAGTGGTCATTATTTTGCAAATATGGAAGAA
ATGGATTGGAAAAACCTAGAAAAATTAATTACTAAAGAAAATAATATTATGCAGGAATCT
GTATAG

SEQ ID NO: 34 (coding nucleotide sequence of CD3288)

ATGGACTATATAGGAATAGAAAATATAACACCTITATGAAAATACATATGAATTTAGTIGTA
TATGAATATGATGATGAAATCACCTITAGGTAGTGAAAAGTTATATGTATGTGAATTAAGG
GTITGTATTGATTAAAGTTAATTCTICTGTATGTTGAAAGATTGCATAAATCAGTTGAAGCA
ATGGTCTITAGTAAAAAATTTGAAAAAAGATTTAGATAAAACACTTGTTGTAAACAAAATA
AAGAATTTTGIGCTAGATGAGATTTGGGTAGAAAATCTAGTAAAAGAGAATATAGAAGTT
ATATTTGTAGAAAGCTAG

SEQ ID NO: 35 (coding nucleotide sequence of CD3367)

ATGAAAATATCTAGTCAATATAGAAGTCAATATTCATTTAGATATGAAAGTAATATAAAT
AATACAAGAATAAATGAAAGTATGGTTAAGAAAAATGAAACTGTAGGAAAAGACACTTAT
TTATCTAATATTATGAAACAAAAGCAAGAACTTAATGATAGAATTAGAGATTTAAAATAT
AGACAAGAGGTTTATACTAAAAAAATAAATGACGCAATTAAGAACTTATGTAAATCAGAA
ATAAGAGAAACAACTAATAATTTTTCTAATATAGAAATAGGTATTAAAAATAGCATTATA
GAAGAGAAAAATAAAAGTACAATGTITAGATGAAAATTCAACTTATCTAAATACAAATGAT
GAAAAAGAATCTTTAATCACTAAAGAGTCTAATGAAAAAATTGAAGAAGAAATATTAAAT
GATGAAAAATTAGAAGAGTTAGAACAAAAAAAGGATTATAAAGAGGATTCTAATAAAANA
GAGAAAGTATCTGAGGACTTATCTITTAGTAGGTAAAACTCGTGAAGAGCTTGAAAATATG
CTITAAAAATTTTATAAATTTAACACAAGAAGAAATAATGAAACTTGAGTCGAGAATAGAA
AAGTTAGATAAAAATGCTGAAGAATACAAACAAAATTCAAAGACTAATATATTTIGATAAA
ACAGATGAACAAAAAAAACATATAAATGTACTGATTITAA

SEQ ID NO: 36 (coding nucleotide sequence of CD3609)

ATGTTTAAGAAAATGGCAGTACTAAAAGATATAGCAACTAAAATAGGTCGTAAAAANAGCG
TATGAACTATTAGAAATGGTTGAAGGTAATGATGCCTITGTAGCTGAGGTAAAGATAAAA
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AAGAATGGAATAGAATCTAAAAAAGAAGAAATTATGTTAAAAGATAATCAAAAAATAATA

TTAGAGTATATAGAAGGTTAA

SEQ ID NO: 37 (forward primer directed to SEQ ID NO:

21)

TGTTTATTTTGAATTTTGGAGGATT

SEQ ID NO: 38 (reverse primer directed to SEQ ID NO:

21)

CATGAAAAATAGCCCATGGAA

SEQ ID NO: 39 (forward primer directed to SEQ ID NO:

22)

AGATGAAATGGATAAATGTACACACA

SEQ ID NO: 40 (reverse primer directed to SEQ ID NO:

22)

CCATCACTTGATGTAAACAAGATTC

SEQ ID NO: 41 (forward primer directed to SEQ ID NO:

23)

GGGGGAACGAGCAATTTACTA

SEQ ID NO: 42 (reverse primer directed to SEQ ID NO:

23)

ACCTACACCTGGACGCTTTG

SEQ ID NO: 43 (forward primer directed to SEQ ID NO:

24)

TGATTGTTATTGGTGTAATCAAGAGAA

SEQ ID NO: 44 (reverse primer directed to SEQ ID NO:

24)

ACCCTATGAAAACGGCTTGTT

SEQ ID NO: 45 (forward primer directed to SEQ ID NO:

25)

ATAAAGATGAAAGTTCTGACTCTGG

SEQ ID NO: 46 (reverse primer directed to SEQ ID NO:

25)

TTAACCTTATTTACTACAATCCAAAGG

SEQ ID NO: 47 (forward primer directed to SEQ ID NO:

26)

TGCATATGGAAATCAATGTTATAGAAA
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SEQ ID NO: 48 (reverse primer directed to SEQ ID NO:

26)

TGCTTCATTTAAAGCTTCTTTAGGATA

SEQ ID NO: 49 (forward primer directed to SEQ ID NO:

27)

ACCTGTCAGATTTTGGAAGCA

SEQ ID NO: 50 (reverse primer directed to SEQ ID NO:

27)

TGCTAAACCTTCCAACTTGAGAT

SEQ ID NO: 51 (forward primer directed to SEQ ID NO:

28)

GTCAGCTTTGAGGGTCGTTC

SEQ ID NO: 52 (reverse primer directed to SEQ ID NO:

28)

ACAATCAATTTCCAGTTGTTTCTCT

SEQ ID NO: 53 (forward primer directed to SEQ ID NO:

29)

CCTTTCTTTTGGATATGGATTCTC

SEQ ID NO: 54 (reverse primer directed to SEQ ID NO:

29)

CAGGGCAATAGCAACAAACA

SEQ ID NO: 55 (forward primer directed to SEQ ID NO:

30)

AAGAGTGGGTTTTTGACACTCA

SEQ ID NO: 56 (reverse primer directed to SEQ ID NO:

30)

AGCTCCATTCACTTTTGCAGT

SEQ ID NO: 57 (forward primer directed to SEQ ID NO:

31)

AAAAAGGCTCCTGGGAGAAC

SEQ ID NO: 58 (reverse primer directed to SEQ ID NO:

31)

CGGATGAACCTCCTTTTTCA

SEQ ID NO: 59 (forward primer directed to SEQ ID NO:

32)

PCT/GB2012/051483
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GGATAAATGTACACATATGTTAACTGC

SEQ ID NO: 60 (reverse primer directed to SEQ ID NO:

32)

GCAAGCAAGATTCCACAACT

SEQ ID NO: 61 (forward primer directed to SEQ ID NO:

33)

ACCAAAAACAGGTGCTCGTT

SEQ ID NO: 62 (reverse primer directed to SEQ ID NO:

33)

AGAGCATTCCTCCACAGCAT

SEQ ID NO: 63 (forward primer directed to SEQ ID NO:

34)

TGATGAAATCACCTTAGGTAGTGAA

SEQ ID NO: 64 (reverse primer directed to SEQ ID NO:

34)

CCCAAATCTCATCTAGCACAAA

SEQ ID NO: 65 (forward primer directed to SEQ ID NO:

35)

AAAACTCGTGAAGAGCTTGAAAA

SEQ ID NO: 66 (reverse primer directed to SEQ ID NO:

35)

TGAATTTTGTTTGTATTCTTCAGCA

SEQ ID NO: 67 (forward primer directed to SEQ ID NO:

36)

AAAATGGCAGTACTAAAAGATATAGCA

SEQ ID NO: 68 (reverse primer directed to SEQ ID NO:

36)

CCTCAGCTACAAAGGCATCA

PCT/GB2012/051483

The invention will now be further described in the following non-limiting

Examples with reference to the following drawings in which:

Figure 1 shows the layout of Clostridium difficile genomic templates on an
LC480 plate. 1-41 —clinical C. difficile isolates; 630 — C. difficile 630 (positive
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control); E. coli — Escherichia coli; Staph — Staphylococus epidermidis; -ve — no
template negative control.
Figure 2A is an amplification graph of the real-time PCR reaction for the
CD2961 gene.
Figure 2B is a melting curve of the real-time PCR reaction for the CD2961
gene.
Figure 2C is a gel photograph showing real-time PCR products from the
CD2961 plate. Lane M: 100bp molecular mass ladder; Lane 1, positive control;
Lane 2, blank, Lanes 3-7: clinical isolates.

Examples

Example 1

Introduction

Using an in silico comparative genomics approach the presence of proteins
that are unique to Clostridium difficile have been identified. 53 genes annotated as
encoding “hypothetical proteins” —i.e. those whose biological function has yet to be
experimentally verified — in both C. difficile strain 630 and C. difficile strain
qcd32_g58 (a hypervirulent strain which produces higher levels of toxins) are
absent from all other Clostridium species and related organisms whose genome
sequences are available at the Clostridb database
(http://xbase.bham.ac.uk/clostridb/). Crucially, no significant matches to any other
gene products were found when a BlastP search was made of the NCBI non
redundant sequence database. This led the inventors to hypothesise that some of
these 53 genes (and DNA molecules, RNA molecules or polypeptides derived
therefrom) would be potential biomarkers unique to, and therefore likely to be
extremely specific for, C. difficile.

In this investigation, PCR primer sets were designed against 52 potential
biomarker genes. These 52 genes are CD0588, CD0589, CD0590, CD0638,
CD1124, CD1234, CD1423, CD1424, CD1487, CD1543a, CD1581, CD1586,
CD1597, CD1613, CD1728, CD1757, CD1794, CD1897, CD1906, CD2046,
CD2098, CD2133, CD2216, CD2248, CD2264, CD2274, CD2300, CD2306,
CD2309, CD2454, CD2547, CD2563, CD2815, CD2961, CD2972, CD3022,
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CD3023, CD3024, CD3163, CD3188, CD3288, CD3321, CD3367, CD3369,
CD3573, CD3609, CD3617, CD3618, CD3635, CD3638, CD3641, and CD3656.

The ability of these primer sets to direct primer directed amplification was
assessed by carrying out PCR reactions on the genomic DNA of C. difficile strain
630. Some of these primer sets were then used to screen 41 clinical C. difficile
isolates for the presence of the relevant biomarker (gene of interest).

Materials and Methods
Reagents:

All chemicals and reagents used were of Analar grade or better. Brain Heart
Infusion (BHI) agar was purchased from Oxoid, UK. All reagents necessary for
standard PCR master mix and 100 base pair ladder were purchased from
Invitrogen, UK; Agarose QA was from Qbiogene. All reagents necessary for g°PCR
were purchased from Roche Diagnostics, UK. All apparatus was sterilised and
cleaned with Virkon (Antec Intl Ltd., UK) and soaked in 2% Decon (Decon Labs
Ltd., UK) overnight before use.

Growth of Bacterial Strains:

Clostridium difficile strain 630 was obtained from Dr Peter Mullany of the
Eastman Dental Institute, London. A further 41 Clostridium difficile strains were
obtained from Dr Derek Fairley of the Northern Ireland Ribotyping Network, based
in the Bacteriology department of The Royal Victoria Hospital (RVH), Belfast. All
strains were routinely grown on Brain Heart Infusion (BHI) agar plates within a Don
Whitely MG500 anaerobic cabinet (Don Whitely Scientific Ltd, Yorkshire, UK), in
addition to being kept frozen on cryobeads at -70°C. The anaerobic conditions
within the cabinet were 80% Nz, 10% CO, and 10% H, at 37°C. The agar plates
were incubated for 48 h to allow growth of the organisms. Resazurin (1 mg/L) was
used as an anaerobic indicator and was added to the BHI agar prior to autoclaving.
Escherichia coli and Staphylococcus epidermidis were used as negative controls in
this study; they were grown on nutrient agar plates at 37°C under aerobic
conditions.



WO 2012/176004 PCT/GB2012/051483

10

15

20

25

30

-37-

DNA Extraction:

DNA was extracted using the Fast DNA Spin Kit for Soil (MP Biomedicals,
USA) from a loop of bacterial biomass, according to the manufacturer’s instructions.
The extracted DNA was then quantified using a Nanodrop™ 1000
Spectrophotometer (Thermo Fisher Scientific, Wilmington, USA). For gPCR the
extracted DNA was diluted to 1ng/pl and stored at -70°C until needed. Prior to use,
genomic DNA was diluted four-fold to enable the addition of 4 pl template to each

reaction well.

Primer Design and Validation:

The primers used in this study were designed using the OligoPerfect™ tool
(Invitrogen, UK). The forward and reverse primers were designed against C. difficile
gene sequences downloaded from NCBI. A total of 52 primer sets were ordered
from Invitrogen, UK, i.e. a primer set was designed for each of the potential
Clostridium difficile biomarker genes. The primers were then validated by standard
endpoint PCR using Clostridium difficile 630 genomic DNA as template in a
TGradient Thermocycler (Whatman Biometra, Goetigen, Germany). The PCR
master mix (96.5 pl) was made up of PCR buffer, MgCl,, dNTPs and millipore water
as per the kit instructions; to this 2.5U Taq polymerase, 1pl forward and reverse
primers and 1 pl genomic DNA template was added to make up a 100 pl PCR
reaction. The PCR cycling conditions used were as follows: an initial denaturation
stage for 5 minutes at 95°C followed by 30 cycles of 95°C for 30 s, an annealing
stage at a range of temperatures between 54 °C-58°C (depending on primers) for 30
s and extension at 72°C for 30 s; with a final extension at 72°C for 5 minutes. The
thermocycler then held the temperature at 4°C. The PCR products were then mixed
with 6x loading dye (Invitrogen) and visualised by gel electrophoresis/UV
transillluminator on a 1% TBE agarose gel containing 4 pg ethidium bromide/100ml
gel (Sigma-Aldrich, UK) to determine band size in comparison to 100bp markers
(Invitrogen), and the image was recorded using Alpha-Imager 2200 software
(Mason Technologies, Dublin, Ireland).

Quantitative PCR:
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All quantitative PCR (qPCR) was carried out using the LightCycler480
(Roche Diagnostics, UK), following the manufacturer's instructions for cycling
conditions and preparation of mastermix. A mix of Master SYBR Green 1 (Roche
Diagnostics, UK) and the primers specific to that plate was prepared and 6ul of this
was added to 90 of the 96 wells and to this 4pl of the appropriate DNA was added
to the well. Figure 1 shows the order in which the genomic DNA templates were
added to the LC480 plate.

The cycling conditions used for the gPCR were: an initial denaturation stage
of 95°C for 5 minutes followed by 40 cycles of 95°C for 10 seconds, annealing at
55°C-60°C (depending on primers) for 10 seconds and extension at 72°C for
between 10-20 seconds (dependent upon expected product size). Once the
amplification programme had finished, a melting curve analysis was performed to
determine if one or multiple products had been produced. Data was stored in the
form of a printable pdf file generated by the LC480 instrument and contained alll
relevant details including crossing point in the amplification step and melting profile
for the amplicons produced from each template. This allowed screening of a given
gene against 41 Clostridium difficile genomes at once in a single lightcycler 480
run, thus aiding throughput.

Gel Electrophoresis of qPCR products:

As a confirmatory step, a number of samples from each plate, including the positive
and negative controls were electrophoresed on a 1.5% TBE/agarose gel as
described above.

Results
Primer design and validation.

The genome of Clostridium difficile 630 was downloaded from the NCBI
website; from this, a total of 683 genes annotated as “conserved hypothetical
protein” were identified. A BlastP search was then performed using the ClostriDB
website to determine which of these 683 conserved hypothetical proteins were
unique to C. difficile. A total of 53 of these “hypothetical” proteins were identified as
being unique to C. difficile.
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Primers were subsequently designed to amplify 100-500bp amplicons from
52 of these genes as per the Materials and Methods section of this example.
Validation of the primers was by endpoint PCR using C. difficile 630 DNA. In the
present study, PCR reactions were performed using 24 of the 52 primer sets and
these 24 primer sets produced clear bands (amplicons) of the expected size on
agarose gels following electrophoresis. These 24 genes and their associated
primer sequences are identified in Table 1.

Clinical isolates.

42 clinical isolates of C. difficile, of varying ribotypes, including 106, 078,
020, 001, 005, 026 and 014, were obtained from The Royal Victoria Hospital (RVH),
Belfast under the terms of a material transfer agreement between UUTech and the
RVH. The strains were sub-cultured on BHI agar plates in an anaerobic cabinet at
37°C; one strain (clinical isolate) failed to grow, thus genomic DNA was extracted
from 41 strains (clinical isolates). These 41 strains (clinical isolates) are listed in
Table 2). The strains were also transferred onto cryobeads (TSC Ltd, UK) and
archived at -70°C for future reference. The extracted DNA was diluted to 1ng/ul for
real-time PCR use and stored in aliquots at -70°C.

Lightcycler 480 qPCR

Real-time (quantitative) PCR (qPCR) was performed using the
Lightcycler480 instrument (Roche Diagnostics, UK). A 96 well plate was used to
carry out the PCR with 90 of the wells containing master mix with the specific
primers for the gene of interest; the template genomic DNA samples were then
added to the appropriate well in a specific order (as per Figure 1), with each DNA
sample on the plate being analysed in duplicate. Laboratory strains of Escherichia
coli and Staphylococcus epidermidis were used as negative controls. Each plate
was run on the Lightcyler480 with cycling conditions specific to the primers i.e. with
an annealing temperature and an extension time specific to the primer set being
used. Results were obtained in the form of amplification graphs and melting curves
(see Figure 2A and 2B for representative examples for the gene CD2961). If a
crossing point of greater than 40 was recorded in the analysis the result was left as
a question mark (?) in the data Table (Table 3) instead of a definite negative result
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as the late crossing point may have been due to other factors such as primer
specificity, template variability, or not enough cycles. Agarose gel electrophoresis,
to check for bands (amplicons) of expected size, was used as an extra confirmatory
step to enhance the accuracy of the results obtained (see Figure 2C for a
representative example for the gene CD2961).

From Table 3 it is evident that five of the genes of interest (CD2961,
CD3617, CD3618, CD3635 and CD3638) yielded amplicons of the expected sizes
from all the C. difficile genomic DNA templates tested.

Summary

In summary, 53 genes annotated as encoding "hypothetical proteins" that
are unique to Clostridium difficile have been identified. It has been demonstrated
CD2961, CD3617, CD3618, CD3635 and CD3638 are detectable in 41 clinical C.
difficile isolates of varying ribotypes.



PCT/GB2012/051483

WO 2012/176004

e

> > > > > > > > > > > > > > > > > > > > >

uooidwy

6l LS

Gcs LS

661 LS

20¢ LS

VA4 LS

i 7474 LS

o 8%

(0217 8%

elo1 4 8%

ors 8%

151874 8%

6cl 8%

215474 8%

A4 8%

174 8%

16 14

oSt LS

¢St LS

1518°) LS

les LS

ey LS

00s LS

SVA 4 LS

oLV LS

(da) (2,
azis ainjesodwsa)
uooidwy Buljesuuy

pINoo 18s Jawud B Jou 10 JaYIdYM  Seouanbas Jawiid pajeinosse sy} pue sauab Buipoous uidoid [eonayjodAy peaIasuod g

(901 :ON A1 ©38) BLIVIDDLODIOVYYLILIIDL

(02 ‘ON 41 ©3S) H1IHHYOLYYOIOOD1IDL1VVYY

(8L :ON QI ©3S) L1LIDDH1D11VIDDDIDLILD

(91 :ON Q1 ©38) BIOHIOIVOLILIVIOLIYIDD

(1 *ON a1 ©38) HOLLODIIOYYYLYVYIDDVYY

(+OL :ON Q1 ©3S) YYVYVYVOIDLLIDDOVIDLIOVYOL

(201 'ON A1 ©38) V1D11D110D1¥VDYILYILYIDL

(00L :ON Q1 ©3S) D1OHDLIVOVIDLYIVYOVIOL

(86 'ON Q1 ©3S) YOLOHLIDDOVIVIIDIDLOVLID

(96 'ON Q1 ©3S) LLLYDDOVID1YIDLDD1DD

(6 ‘ON QI ©IS) BYDVYYOVIDLLLYVYIOVILOVOVYD

(21 ‘ON 4l ©38) VO LLODDDVYYLIYVYIDLLIDD

(26 :ON Q1 ©3S) VOOLYOLYILIDLIDDVIVOVOLL

(06 :ON A1 ©3S) YOLODLIDYD1IDHDIDDIL1L

(88 :ON Q1 ©3S) DOLYVYOVLIOLYIDL1IDDDLDD

(98 :ON @1 ©3S) DHLOVYOLLIVIIDIOLIDIIVOLLL

(¥8 :ON Al ©3S) YVYOVIOVOVYIILLIVIVDIVOVYY

(28 :ON QI ©3S) HOLYVYOVILYDILYVYIOVIVYD

(08 'ON QI ©3S) LOLLYVYIDIVYOLLIDYIDIDIYID

(82 'ON Q1 ©3S) LLLIDOHYHDH1DDHYIIVYVYIODD

(97 :ON Q1 ©38) VLLYVOVYYODDLIVIIIVIDDL

(2 'ON Q1 ©3S) L1O1DDIVYVYVYYILYYYLIVYIVID

(¢ 'ON Q1 ©3S8) BL1DD1IOH1D1VYILIYIOLDL

(02 :ON Q1 ©3S) YOOLDDLIDVIDVIOOVLIYD
souwnd Al

(0L :ON a1 ©3S) HLIVIDIVIDOHDIVOLIDI1D
(61 ‘ON Q1 ©3S) YYVYHHYDHDLLLIDIDDIVOD
(Z1 ‘ON 4l ©38) YWYOODLYDYDLIDD1IVIVD
(S1 :ON a1 ©3S) LYDOHYYVYVYVYDIDLIOVIDDIVYLLL
(€1 :ON 41 ©38) HHLYDH1IDHHHD I DVIVODLYD
(€01 ‘ON a1 ©3S) VYOVYYLYLODVLIDDDHYOVYVYIVIVODL
(LOL :ON Q1 ©3S) YYVYLOVLIVLIDIVODYIVOLYDDDDL
(66 :ON 41 ©IS) YOOVVYOVYODVYLIYILYVYIOVYD
(26 'ON QI ©3S) DOVVYVYVYDDLYOVIVYIDLDD
(56 ON Q1 ©3S) HLIVIDHDD1ODHOHD1ID1IDIY
(£6 :ON A1 ©3S) VOLYDVLLLIVYDIVOVYYYDLYOVIDD
(L1 :ON @l ©38) 1HYOIVHIDVILDHYIDHVYYDY
(16 :ON Q1 ©3S) VOLODL1L1YIYYYID1IYID
(68 :ON A1 D3S) LYLID11DYYYIDDHOHYIDDHD
(/8 :ON Q1 ©3S) VOLYVYOOVIVIVODLLI11DD]1
(68 :ON Q1 ©3S) DLODLIVIVOVYDLL IYYDDLVIVIOY
(£8:ON Q1 O3S) IDHIVOLIVYLLIVODOYYIVIDDL
(18 :ON Q1 ©3S) YOOLODLODYDILLIDIVOVIVIDD
(62 :ON Q1 DAS) DYYVYVYIVYYDHOIDHD1HYOD 1Y
(2 'ON Q1 ©38) LYYVYDIDODLIVILIIIOYDLLLL
(S 'ON Q1 ©3S) VOOHYOHVYYYDLYLIDDL1VOVYOVYIL
(€2 :ON Q1 ©3S) YOVVYVYYDYYYYIOHH1IDIDL
(12 :ON Q1 ©38) HHLYDHYYIVOHDLYYYDDLIDHD
(69 :ON A1 ©IS) HLLOVYOHVYDHOIHYOYYYOOL
sowd pmj

(%86}
{8 66) i
{9%86) b
{266} >
{4686 p
{2386} A
(%L6) b
(356}
{295 b
(9% L6} )
{% 66} M
(%66}
{%86) b
(%86 b
{286} »
{4686 p
{3 96T} p
{%B8GL} b
{286} »
{%86) b
{966} p
{% 66} M
{346 M
(% L6)
gsbze
-goo-ao

0€900

"1onpoud YDd ayi Jo sisaloydouiosie Buimolo} o6 asosebe
ue uo PasiensIA Sem azis pajoadxa ay) Jo (uodidwe) pueq Jea|o e Jeyl seedipul uwn|od ,uodidwy, ay; ul A, © Jo aousasaud
ayl -erejdwal YNQ d1wousb 0g9 efoiyip "o buisn 4od uodpus Aq pauiwialep sem auab 1abie) syl Jo uonedyidwe 108.1p

I‘H.vl

HWoead IS
8€9€dd 0%
c£9edO 6F
819€dd 8t
219€ddD /¥
€.6€A0 Sv
€91€Q0 6¢
vc0edd s8¢
€20ed0 /€
¢c0edo o€
¢l62dO S¢
196¢dD €
§18¢aO ¢¢
lvsead 1€
vsbedd o€
€€1eaqo  cc
821D 91
€191a0 ¢}
6SLAD €I
98s1ad ¢t
[%:1°] Na ko B A
vcLIao S
065000 ¢
686000 ¢
(suan) "ON
'ONQgD 8usn
11 9|qel



WO 2012/176004

10

15

20

25

30

35

40

45

Table 2

Hospital

RVH ref No

W e N vk wWwN R

DWW W W W W W W W W NDNDDNDNDDNDNDNDMDNMNMNMNNRERRPRRERERRRERPRPRPEPR
P O W o N O WU A WNPEPOWOWOWLWNOOOOVLEWDNDEREOWOONOO VA WDNDLPREO

100058-106
100048-106
090092-106
100059-106
100150-078
090126-106
090269-106
100149-078
090160-106

. 100162-020
. 090389-106
. 090361-106
. 090183-106
. 090391-106
. 090129-106
. 090217-106
. 090225-106
. 090223-106
. 090645-106
. 090294-106
. 090540-106
. 100063-106
. 100158-078
. 100170-001
. 100171-001
. 100172-020
. 100173-078v
. 100177-005
. 100163-026
. 100178-106
. 100164-014
. 100167-001
. 100168-001
. 100169-078
. 100143-026
. 100144-014
. 100146-005
. 100147-014
. 100142-005
. 100140ii-020
. 100153-001

-42 -

Ribotype
106

106
106
106
078
106
106
078
106
020
106
106
106
106
106
106
106
106
106
106
106
106
078
001
001
020
078v
005
026
106
014
001
001
078
026
014
005
014
005
020
001

PCT/GB2012/051483

List of Clostridium difficile strains obtained from Royal Victoria
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Table 3 (shown overleaf) — gPCR screening of CD2961, CD3617, CD3618,
CD3635 and CD3638 across 41 strains of C. difficile, with E. coli and
Staphylococcus aureus as negative controls and C. difficile strain 630 as a positive
control. For all of the gPCR reactions for genes CD3617, CD3618, CD3635 and
CD3638 and some of the PCR reactions for gene CD2961, the PCR product
produced by the gPCR reaction was subjected to agarose gel electrophoresis to
further assess whether an amplicon of the expected size was produced. In all
cases in which the template DNA was C. difficile genome, bands of the expected
size were observed (as shown by a "G+" in the "GEL" column). Note that no
amplification from the E.coli or Staphylococcus epidermidis samples was observed.
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Example 2 (Prophetic Example)

The methods of Example 1 are performed with primer pairs designed to target each
of genes CD0588, CD0638, CD1234, CD1423, CD1424, CD1487, CD1543a,

5 CD1728, CD1794, CD1897, CD1906, CD2046, CD2098, CD2216, CD2248,
CD2264, CD2274, CD2300, CD2306, CD2309, CD2563, CD3188, CD3288,
CD3321, CD3367, CD3369, CD3609 and CD3656. Primers for each gene are
described in Table 4.
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Example 3

Introduction

Using microarray analysis, expression of CD3635, CD3638, CD0638, CD1424,
CD1487, CD1543a, CD1794, CD1906, CD2046, CD2098, CD2216, CD2264,
CD2274, CD2309, CD3188, CD3288, CD3367 and CD3609 was assessed in
Clostridium difficile strain 630.

Materials and Methods
Bacterial Cell Culture.

Clostridium difficile strain 630 was routinely maintained on BHI agar or grown in BHI
broth (Oxoid) at 37°C in a MACS MG500 Anaerobic workstation fitted with an
airlock (Don Whitley Scientific, UK). Heat stress was induced in broth cultures in
the early exponential phase of growth using a water bath set at 41 °C and cells were
harvested in biological triplicates at late log phase (Deso = 1.1) of anaerobic growth
as described by Jain et al (Jain S, Graham C, Graham RLJ, McMullan G, Ternan,
NG (2011) A quantitative proteomic analysis of the heat stress response in
Clostridium difficile strain 630. J Proteome Res 10(9): 3880-3890).

Total RNA Isolation.

RNA was extracted from aliquots of 4 x 10° cells from both control and heat-
stressed triplicate cultures of C. difficile strain 630 using a Qiagen RNEasy mini kit.
The Qiagen protocol was modified to include a mechanical lysis step — cells in TE
buffer with proteinase K and lysozyme were added to a Lysing Matrix A tube (MP
Biomedicals) and treated in a Fastprep FP120 machine (MP Biomedical) at speed
5.5 for 30s to break open the cells. Following both on-column and in-solution
DNAse digestions, and a final on column cleanup, RNA samples were confirmed
free of contaminating genomic DNA by performing PCR with fpi primers (Lemeé L,
Dhalluin A, Pestel-Caron M, Lemeland JF, Pons JL (2004) Multilocus sequence
typing analysis of human and animal Clostridium difficile isolates of various
toxigenic types. J Clin Microbiol 42: 2609-2617). RNA Samples were stored at -
70°C until required for microarray experiments or for gRT-PCR.
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Template Labelling and Microarray Hybridisations.

Microarray experimentation was out-sourced to Oxford Gene Technology (OGT;
Begbroke Science Park, Oxford, UK). RNA samples were sent on dry ice to OGT
where the quality and integrity of the 16S and 23S ribosomal RNA (rRNA) subunits
was verified by using the 2100 Bioanalyzer system (Agilent Technologies). For all
six RNA samples, an RNA integrity number of >9.6 was obtained, with A260/280
values of > 2.0, and 23S:16S rRNA ratios of =2 1.4. Using Ambion’s MessageAmp™
[I-Bacteria RNA Amplification Kit, the template mRNA samples were: (a)
polyadenylated; (b) the mRNA samples with a stable poly(A) tail were reverse-
transcribed into first strand cDNA using an oligo(dT)-primer bearing a T7 promoter;
(c) the cDNA samples were then converted into double-stranded DNA (dsDNA); (d)
dsDNA was then used as a template for in vitro transcription with T7 RNA
polymerase to generate antisense RNA (aRNA); (e) aRNA was then finally labelled
with fluorescent dyes (Cy3 and Cyb5) to create labelled probes for hybridisation. In
this investigation, a dye-swap (i.e. control samples labelled with Cy3 and heat-
stress samples labelled with Cy5 and vice versa) was performed in order to
generate technical replicates and to compensate for any potential bias introduced
as a result of inherent discrepancies in Cy dye incorporation (Do JH, Choi DK
(2007) cDNA Labeling Strategies for Microarrays Using Fluorescent Dyes. Eng Life
Sci 7(1): 26-34). Prior to hybridisation, labelled aRNA was purified using Qiagen’s
RNeasy® MinElute Cleanup Kit as per the manufacturer’s instructions. The
labelled probes were then hybridised to a C. difficile strain 630 array (BUGS CD630
gene expression array plus Plasmid pCD630, 8 x 15k array, v2.01) comprising
3,776 genes using the Gene Expression Hybridisation Kit (Agilent Technologies) as
described in the manufacturer’s protocol.

Microarray Data Analysis.

The hybridised arrays were subsequently scanned at 532 nm and 635 nm,
corresponding to Cy3 and Cy5 excitation maxima, using an Agilent C Microarray
Scanner equipped with the extended dynamic range (XDR) software for improved
resolution. The data was then extracted from raw microarray image files and the
probe signals were subsequently quantified using Agilent’s Feature Extraction
Software version 10.5.1.1. Upon normalisation by the locally weighted scatterplot
smoothing (LOWESS) algorithm, the data was imported to GeneSpring GX version
11.0 (Agilent Technologies) where the minimum fluorescence intensity was set to 1.
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The mean normalised log, fluorescence ratios and standard errors of mean were

then calculated across all probes for an individual gene and concatenated to gene

level. The microarray data has been deposited in NCBI's Gene Expression
Omnibus (Edgar R, Domrachev M, Lash AE (2002) Gene Expression Omnibus:

NCBI gene expression and hybridization array data repository. Nucl Acid Res 30(1):

207-210) and is accessible through GEO Series accession number GSE37442
(http//www.ncbi.nlm.nih.gov/geo/query/acc.cqi?acc=GSE37442).

Results and Conclusion

The data in Table 5 below shows the raw average fluorescence (raw avg fluor) and

the expression relative to triosephosphate isomerase (ipi) expression (relative exp)
for each of the genes CD3635, CD3638, CD0638, CD1424, CD1487, CD1543a,
CD1794, CD1906, CD2046, CD2098, CD2216, CD2264, CD2274, CD2309,
CD3188, CD3288, CD3367 and CD3609. These data show that each of these
genes is expressed in Clostridium difficile strain 630.

Table 5
raw avg relative
Gene Name fluor exp
tpi triosephosphate isomerase (reference gene) 1946 1.00
CD3609 hypothetical protein 40428 20.77
CD2309 hypothetical protein 28239 14.51
CD1543A hypothetical protein 4363 2.24
CD2046 hypothetical protein 2593 1.33
CD1424 hypothetical protein 1028 0.53
CD2098 hypothetical protein 567 0.29
CD3288 hypothetical protein 522 0.27
CD0638 hypothetical protein 278 0.14
CD2274 hypothetical protein 231 0.12
CD2216 hypothetical protein 71 0.04
CD3188 hypothetical protein 39 0.02
CD1487 hypothetical protein 33 0.02
CD3635 hypothetical protein 30 0.02
CD2264 hypothetical protein 26 0.01
CD3367 hypothetical protein 22 0.01
CD1794 hypothetical protein 19 0.01
CD3638 hypothetical protein 18 0.01
CD1906 hypothetical protein 17 0.01
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Example 4

Introduction

The study described in Example 1 was expanded. In this expanded study, the
presence of each of CD0588, CD0638, CD1234, CD1423, CD1424, CD1487,
CD1543a, CD1728, CD1794, CD1897, CD1906, CD2046, CD2098, CD2216,
CD2248, CD2264, CD2274, CD2300, CD2306, CD2309, CD2563, CD3188,
CD3288, CD3321, CD3367, CD3369, CD3609, CD3656, CD3617, CD3618,
CD3635 and CD3638 was screened for in the 41 Clostridium difficile clinical
isolates of Example 1 and, where a gene was detected as being present in those 41
clinical isolates, the presence of that gene was screened for in 41 further
Clostridium difficile clinical isolates.

Methodology

In this expanded study, the materials and methods used were the same as the
materials and methods described in Example 1.

For the genes detected in all of the clinical isolates tested, the nucleotide
sequences of the primers used, the coding nucleotide sequences of the genes, the
amplicon sizes and the melting temperatures of the primers are set forth in Table 6.

A list of the 82 Clostridium difficile clinical isolates obtained from the Royal Victoria
Hospital (RVH) which were used in this study and the ribotypes thereof are set forth
in Table 7. Note that the clinical isolates numbered 1-41 are the clinical isolates
(strains) used in Example 1 (as listed in Table 2).

A list of the negative control strains used are set forth in Table 8.

In a first screen, each of the Clostridium difficile clinical isolates numbered 1-41 in
Table 7 was screened for the presence of each of the genes CD0588, CD0638,
CD1234, CD1423, CD1424, CD1487, CD1543a, CD1728, CD1794, CD1897,
CD1906, CD2046, CD2098, CD2216, CD2248, CD2264, CD2274, CD2300,
CD2306, CD2309, CD2563, CD3188, CD3288, CD3321, CD3367, CD3369,
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CD3609, CD3656, CD3617, CD3618, CD3635 and CD3638. If a given gene was
detected as present in all of the Clostridium difficile clinical isolates numbered 1-41,
then, in a second screen, each of the Clostridium difficile clinical isolates numbered
42-82 in Table 7 was screened for the presence of that gene. If a given gene was
detected in all 82 Clostridium difficile clinical isolates, negative control strains as set
forth in Table 8 were screened (in a third screen) for the presence of that gene.

Results and Discussion

The results of this study are presented in Table 9. In Table 9, a "+" sign indicates
that a gene was detected as present in all of the clinical isolates in the relevant
screen, and a "-" sign indicates that a gene was not detected in all of the clinical
isolates in the relevant screen. "Low sensitivity levels" means that the sensitivity of
the PCR was such that a conclusion could not be drawn as to whether a gene was
present or not; in these cases optimization of PCR cycling conditions will be
required in order to determine whether these genes are present in the tested
Clostridium difficile clinical isolates.

In this study it has been demonstrated that CD0638, CD1424, CD1487, CD1543a,
CD1794, CD1906, CD2046, CD2098, CD2216, CD2264, CD2274, CD2309,
CD3188, CD3288, CD3367, CD3609, CD3635 and CD3638 are detectable in 82
Clostridium difficile clinical isolates of varying ribotypes.
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Table 7 - List of 82 Clostridium difficile clinical isolates

RVH ref No. Ribotype
1 100058-106 106
2 100048-106 106
3 090092-106 106
4 100059-106 106
5 100150-078 078
6 090126-106 106
7 090269-106 106
8 100149-078 078
9 090160-106 106
10 100162-020 020
11 090389-106 106
12 090361-106 106
13 090183-106 106
14 090391-106 106
15 090129-106 106
16 090217-106 106
17 090225-106 106
18 090223-106 106
19 090645-106 106
20 090294-106 106
21 090540-106 106
22 100063-106 106
23 100158-078 078
24 100170-001 001
25 100171-001 001
26 100172-020 020
27 100173-078v 078v
28 100177-005 005
29 100163-026 026
30 100178-106 106
31 100164-014 014
32 100167-001 001
33 100168-001 001
34 100169-078 078
35 100143-026 026
36 100144-014 014
37 100146-005 005
38 100147-014 014
39 100142-005 005
40 1001401i-020 020
41 100153-001 001
42 CD110020 015 015
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43 CD110040 015 015
44 CD110050 015 015
45 CD110055 015 015
46 CD110060 027 027
47 CD110072 026 026
48 CD110107 015-19 015-19
49 CD110119 026 026
50 CD110147 026 026
51 CD110166 015 015
52 CD110172 023 023
53 CD110183 023 023
54 CD110185 023 023
55 CD110235 027 027
56 CD110243 026 026
57 CD110244 027 027
58 CD110251 015-19 015-19
59 CD110272 023 023
60 CD110373 027 027
61 CD110379 015 015
62 CD110425 027 027
63 CD110441 015 015
64 CD110446 023 023
65 CD110460 015 015
66 CD110465 023 023
67 CD110729 002 002
68 CD110732 002 002
69 CD110779 002 002
70 CD110798 002 002
71 CD110800 023 023
72 CD110811 002 002
73 CD110830 053 053
74 CD110831 053 053
75 CD110835 053 053
76 CD110837 002 002
77 CD110840 015-19 015-19
78 CD110849 015-19 015-19
79 CD110851 002 002
80 CD110856 002 002
81 CD110862 ?tox- 140
82 CD110863 ?tox- 140
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Table 8 - List of negative control strains
Name Number
Staphylococcus epidermidis DSM 20044
Staphylococcus aureus ATCC 12600
Escherichia coli ATCC 11775
Salmonella typhimurium ATCC 14028
Bacillus subtilis ATCC 6051
Clostridium acetobutylicum DSM 792
Roseburia inulinivorans DSM 16841
Eubacterium rectale DSM 17629
Clostridium novyi DSM 14992
Clostridium sporogenes DSM 795
Faecalibacterium prausnitzii DSM 17677
Streptococcus thermophilus NCIMB 702681
Bifidobacterium adolescentis DSMZ 20083
Bifidobacterium longum subsp. longum DSMZ 20219
Ruminococcus gauvreauii DSMZ 19829
Ruminococcus luti (Blautia luti) DSMZ 14534
Lactobacillus casei DSMZ 20011
Lactobacillus reuteri DSMZ 20016
Bacteroides vulgatus DSMZ 1447
Bacteroides intestinalis DSMZ 17393
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CLAIMS

1. A method of testing for the presence of Clostridium difficile in a sample, said
method comprising analysing said sample for the presence of one or more genes
selected from the group consisting of CD3609, CD3617, CD3618, CD3635,
CD3638, CD0638, CD1424, CD1487, CD1543a, CD1794, CD1906, CD2046,
CD2098, CD2216, CD2264, CD2274, CD2309, CD3188, CD3288, CD3367 and
CD2961, or a product of said genes.

2. A method of detecting Clostridium difficile in a sample, said method
comprising detecting the presence in said sample of one or more genes selected
from the group consisting of CD3609, CD3617, CD3618, CD3635, CD3638,
CD0638, CD1424, CD1487, CD1543a, CD1794, CD1906, CD2046, CD2098,
CD2216, CD2264, CD2274, CD2309, CD3188, CD3288, CD3367 and CD2961, or
a product of said genes.

3. A method of diagnosing a Clostridium difficile infection in a subject, said
method comprising performing the method of claim 1 or claim 2, wherein the
sample has been obtained from said subject and the presence of one or more
genes selected from the group consisting of CD3609, CD3617, CD3618, CD3635,
CD3638, CD0638, CD1424, CD1487, CD1543a, CD1794, CD1906, CD2046,
CD2098, CD2216, CD2264, CD2274, CD2309, CD3188, CD3288, CD3367 and
CD2961, or a product of said genes, in the sample is diagnostic of a Clostridium
difficile infection in said subject.

4, A method of determining the efficacy of a therapeutic regime being used to
treat a Clostridium difficile infection, said method comprising

(i) performing the method of claim 1 or claim 2 on a sample that has been
obtained from a subject being treated for a Clostridium difficile infection; and

(i) repeating step (i) on one or more further samples that have been
obtained from the subject being treated for a Clostridium difficile infection.

5. A primer pair selected from the group consisting of
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(a) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 67 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 67; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 68 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 68;

(b) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 13 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 13; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO 14 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO 14;

(c) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 15 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 15; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 16 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 16;

(d) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO:17 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO:17; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO:18 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO:18;

(e) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO:19 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO:19; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO:20 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO:20;

(f) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO:37 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 37; and
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an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO:38 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO:38 ;

(9) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 39 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 39; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 40 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 40;

(h) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 41 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 41; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 42 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 42;

(i) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 43 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 43; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO; 44 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 44;

(j) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 45 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 45; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 46 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 46;

(k) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 47 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 47; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 48 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 48;
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(I) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 49 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 49; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO:50 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 50;

(m) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 51 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 51; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 52 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO 52;

(n) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 53 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 53; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 54 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO 54;

(o) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 55 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 55; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 56 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 56;

(p) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 57 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 57; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 58 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 58;

(9) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 59 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 59; and
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an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 60 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 60;

(r) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 61 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 61; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 62 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO 62;

(s) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 63 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 63; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 64 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 64;

() an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 65 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 65; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO: 66 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 66; and

(u) an isolated oligonucleotide comprising the nucleotide sequence of SEQ
ID NO: 11 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO: 11; and

an isolated oligonucleotide comprising the nucleotide sequence of SEQ ID
NO 12 or a nucleotide sequence capable of hybridising under high stringency
conditions to the sequence complementary to SEQ ID NO 12.

6. A kit comprising one or more detection moieties for the detection of one or
more genes selected from the group consisting of CD3609, CD3617, CD3618,
CD3635, CD3638, CD0638, CD1424, CD1487, CD1543a, CD1794, CD1906,
CD2046, CD2098, CD2216, CD2264, CD2274, CD2309, CD3188, CD3288,
CD3367 and CD2961, or a product of said genes.
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7. The method of any one of claims 1 to 4 or the kit of claim 6, wherein the
coding nucleotide sequence of CD3609 is that of SEQ ID NO:36 or a sequence at
least 80% identical thereto, the coding nucleotide sequence of CD3617 is that of
SEQ ID NO:2 or a sequence at least 80% identical thereto, the coding nucleotide
sequence of CD3618 is that of SEQ ID NO:3 or a sequence at least 80% identical
thereto, the coding nucleotide sequence of CD3635 is that of SEQ ID NO:4 or a
sequence at least 80% identical thereto, the coding nucleotide sequence of
CD3638 is that of SEQ ID NO:5 or a sequence at least 80% identical thereto, the
coding nucleotide sequence of CD0638 is that of SEQ ID NO:21 or a sequence at
least 80% identical thereto, the coding nucleotide sequence of CD1424 is that of
SEQ ID NO:22 or a sequence at least 80% identical thereto, the coding nucleotide
sequence of CD1487 is that of SEQ ID NO:23 or a sequence at least 80% identical
thereto, the coding nucleotide sequence of CD1543a is that of SEQ ID NO:24 or a
sequence at least 80% identical thereto, the coding nucleotide sequence of
CD1794 is that of SEQ ID NO:25 or a sequence at least 80% identical thereto, the
coding nucleotide sequence of CD1906 is that of SEQ ID NO:26 or a sequence at
least 80% identical thereto, the coding nucleotide sequence of CD2046 is that of
SEQ ID NO:27 or a sequence at least 80% identical thereto, the coding nucleotide
sequence of CD2098 is that of SEQ ID NO:28 or a sequence at least 80% identical
thereto, the coding nucleotide sequence of CD2216 is that of SEQ ID NO:29 or a
sequence at least 80% identical thereto, the coding nucleotide sequence of
CD2264 is that of SEQ ID NO:30 or a sequence at least 80% identical thereto, the
coding nucleotide sequence of CD2274 is that of SEQ ID NO:31 or a sequence at
least 80% identical thereto, the coding nucleotide sequence of CD2309 is that of
SEQ ID NO:32 or a sequence at least 80% identical thereto, the coding nucleotide
sequence of CD3188 is that of SEQ ID NO:33 or a sequence at least 80% identical
thereto, the coding nucleotide sequence of CD3288 is that of SEQ ID NO:34 or a
sequence at least 80% identical thereto, the coding nucleotide sequence of
CD3367 is that of SEQ ID NO:35 or a sequence at least 80% identical thereto, or
the coding nucleotide sequence of CD2961 is that of SEQ ID NO:1 or a sequence
at least 80% identical thereto.

8. The method of any one of claims 1 to 4, wherein the presence of one or
more of said genes, or products of one or more of said genes, is detected by a
primer-directed amplification reaction.
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9. The method of claim 8, wherein said primer-directed amplification reaction

is a polymerase chain reaction.

5 10. The method of any one of claims 1 to 4 or 7 to 9, wherein the Clostridium
difficile is of a ribotype selected from the group consisting of 106, 078, 020, 001,
005, 026, 014, 027, 078v, 015, 015-19, 023, 002, 053 and 140.

11. The method of any one of claims 1-4, 7 or 10, wherein the presence of said
10  product of said genes is determined by an antibody-mediated detection method.

12. The method of any one of claims 1 to 4 or 7 to 11 which comprises
contacting said sample with a detection moiety which can detect one of said genes
or gene products.

15
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Figure 2A
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