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DETECTING AND CHARACTERISING A MICROORGANISM

The present invention relates to a method and a system for the identification of a
pathological microorganism and a determination of its antimicrobial susceptibility profile.

Microbial infections represent a major class of human and animal disease with
significant clinical and economic implications. Whilst various classes and types of
antimicrobial agents are available to treat and/or prevent microbial infections, antimicrobial
resistance is a large and growing problem in modern medicine. The numbers of
antimicrobial-resistant strains of various microbial pathogens have proliferated in the past
20 years, and microorganisms continue to develop resistance to a growing number of
antimicrobial, particularly antibiotic, classes. With the spread of resistance mechanisms to
more organisms, the public health impact and costs associated with antimicrobial
resistance are projected to increase rapidly in the years to come. In the context of
treatment of a microbial infection, it can therefore be desirable, and indeed important, to
have information regarding the nature of the infecting microorganism and its antimicrobial
susceptibility profile in order both to ensure effective treatment and also to reduce the use
of unnecessary or ineffective antibiotics and thereby to help control the spread of
antibiotic, or more generally antimicrobial, resistance. This is particularly so in the case of
serious or life-threatening infections in which rapid effective treatment is vital.

Sepsis, a potentially fatal whole-body inflammation caused by severe infection is
the most expensive condition and driver of hospital costs in the US, comprising 5% of the
total national hospital cost. Mortality increases 7% for every hour for severe sepsis, if not
treated properly, and the rising prevalence of antimicrobial-resistant sepsis causing strains
makes predictions of the correct treatment for sepsis increasingly difficult. The current
gold standard for diagnosis of the microorganisms causing sepsis is based on phenotypic
and biochemical identification techniques which require the isolation and culture of pure
cultures of the infecting microorganisms. It can take several days to perform the microbial
identification (ID) and antibiotic susceptibility (AST) tests to identify the infection and
determine the susceptibility profile of antimicrobial resistant microorganisms. Current
clinical practice requires treatment with a broad-spectrum antibiotic within 1 hour of
suspicion of sepsis based on clinical symptoms. A second dose is required within 6-8
hours and this administration is continued every sixth to eighth hour until identification of
the microorganism and its antibiotic susceptibility (ID/AST) is established.

Due to the lethal condition of sepsis physicians are unwilling to change treatment
from broad-spectrum antibiotics initially if the patient experiences a clinical response until

the nature of the microbial infection is determined and antimicrobial susceptibility
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established. This in turn leads to the unnecessarily high use of broad spectrum antibiotics,
in turn fuelling the rise of antimicrobial resistance among microorganisms.

Medical conditions caused by microbiological agents are generally diagnosed
through the testing of a sample taken from a patient. A key objective (particularly with life-
threatening conditions with a rapid progression rate, such as sepsis) is to have the sample
analysed as quickly as possible, so that the microbe can be identified and a rise of
antimicrobial resistance among microorganisms.

Conventional testing methods utilise turbidity measurements or disc diffusion to
assess the effect of antimicrobial agents on microorganism growth, and traditional
biochemical and microbiological techniques to identify a microorganism. These techniques
can take several days to identify and characterise a microorganism in a clinical sample,
due to the requirement for prolonged periods of incubation to allow microbial growth.
There is thus a requirement for techniques that can rapidly identify microorganisms and
determine the antimicrobial susceptibility profile of antimicrobial resistant microorganisms,
and various different techniques that reduce the time between sample collection and
diagnosis have been developed in recent years.

Methods of enriching microorganisms in a clinical sample that bypass the
requirement for long periods of incubation are described in US 8,481,265; microbial cells
can be enriched from clinical samples by the selective lysis of non-microbial cells,
enriching the concentration of microbial cells in a sample and bypassing the requirement
for prolonged incubation prior to testing a sample.

Methods of rapid microbial identification are described in US 2010/0124763, in
which microbial cultures are enriched and microorganisms identified spectroscopically.

Rapid susceptibility testing techniques using flow cytometry (Broeren et al. 2013
Clin Microbiol Infect 19, 286-291) and automated microscopy (Price et al. 2014 JMM. 98
50-59) have been developed to reduce the time required for incubation prior to
susceptibility being determined. Quantitative PCR of microbial DNA has also been used
as a measure for microbial growth to determine antimicrobial susceptibility, as described
in US 5,789,173.

Combined microorganism identification and susceptibility testing methods have
also been developed. Described in US 2005/0095665 A1 is a system in which panels of
selected growth media and chromogenic and fluorogenic substrates are used in
combination with turbimetric measurement of microbial growth in an automated microtiter
well format to identify microorganisms and determine antimicrobial susceptibility.
Automated microscopy methods have also been developed (Metzger et al. 2014

Diagnostic Microbiology and Infectious Disease 79 160-165). The BD PhoenixTM system
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also allows for the rapid simultaneous identification and characterisation of
microorganisms, and utilises a variety of chromogenic and fluorogenic substrates to
identify microorganisms in a sample and minor microbial growth to determine the
antimicrobial susceptibility of microorganisms in a sample.

Further combined microorganism identification and susceptibility testing methods
and devices therefor are described in the Applicant’'s commonly-owned and co-pending
application WO2015/189390. A portion of a clinical sample is tested for the presence of a
microorganism via molecular-based microbial identification methods, which are performed
whilst the clinical sample is cultured to allow microbial growth to take place. Once a
microorganism is identified, an antimicrobial susceptibility test (AST) assay may be
performed on the cultured clinical sample in order to determine the susceptibility of the
microorganism to one or more antimicrobial agents. Thus, the rapid identification of the
causative agent of sepsis and information on its susceptibility to antimicrobial agents may
quickly and efficiently be established.

However, despite these advances in the processing of clinical samples, there
remain unnecessary delays in the processing of clinical samples, which hamper
diagnostic efforts.

According to a first aspect of the present invention, there is provided a method for
detecting and characterising a microorganism in a clinical sample, said method
comprising:

a) introducing a clinical sample to a first culture vessel containing culture medium,

b (i)) simultaneously transporting and incubating the clinical sample, wherein said
transporting and incubating comprises placing the first culture vessel in a thermally
insulated compartment of a sealable container and heating the clinical sample fo a
temperature suitable for pre-culturing of the sample, wherein the thermally insulated
compartment and the heating are used to keep the clinical sample at the temperature
suitable for pre-culturing during transport of the sample, thereby to pre-culture the clinical
sample;

b (ii)) optionally continuing to culture said clinical sample in said first culture vessel,

b (iii)) optionally removing a portion of the clinical sample culture from said first
culture vessel, and infroducing said portion to a second culture vessel containing culture
medium, and optionally preculturing said portion in said second culture vessel;

c) removing a test aliquot from said first and/or second culture vessel, and
continuing to culture said clinical sample and/or portion in said first and/or second culture

vessel;
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and separating DNA from the test aliquot and performing nucleic acid tests on the
DNA to identify a microorganism and/or to detect the presence or absence of one or more
genetic antimicrobial resistance markers in the microorganism, and/or determining the
antimicrobial susceptibility of a microorganism in the clinical sample.

Indeed, in any of the embodiments of this aspect of the present invention, ID
and/or AST tests (e.g. further ID and/or AST tests), whether conventional or not, may be
performed on the cultured sample or portion. The method therefore allows for culture of
the clinical sample or portion to take place to allow additional identification and/or AST
tests to be performed, for example simply to provide an additional result, e.g. as a back-up
or confirmation. In a further embodiment, further (e.g. conventional) tests may be
performed whether or not the identity and/or antimicrobial susceptibility of the
microorganism are determined. In a preferred aspect, culturing of the clinical sample (i.e.
of the first culture vessel) is continued to enable further microbial identification and
antimicrobial susceptibility tests to be performed.

It will further be understood that identification and/or AST determination may be
performed one or more times. That is to say aliquots may be removed from the first or
second culture one or more times, e.g. at intervals, so that an ID and/or AST test may be
performed one or more times (e.g. two or more times, e.g. 2 or 3 times).

As noted above, culture of the clinical sample in the first culture vessel may be
continued, whilst an AST test is on-going, and optionally also after the test has been
performed. Thus the possibility exists of repeating the AST test or of continuing the
culture further to allow conventional testing. As is clear from the context, an aliquot of the
cultured clinical sample or portion removed therefrom in the first or second culture vessel
is simply a portion, i.e. a part or fraction of the culture vessel contents. The aliquot may be
removed and used directly for an 1D and/or AST test, or it may be subjected to a period of
culture before performing such tests. Further, a test aliquot removed from the first or
second culture vessel may be divided into sub-aliquots or aliquot fractions, or a sub-
aliquot or fraction may be removed therefrom, which may be subjected to testing or further
culture. This culture of a removed test aliquot or aliquot fraction may be performed
separately, or independently, of the culture or continued culture of the clinical sample in
the culture vessel.

According to any one of the embodiments of the first aspect of the present
invention outlined above, the nucleic acid tests may be performed using:

i) one or more nucleic acid probes and/or primers for microbial identification, a

probe or primer thereof being capable of hybridising specifically to, or a primer thereof
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being capable of selectively amplifying, a nucleoctide sequence which is identificatory of a
given microorganism; and/or

ii) one or more nucleic acid probes and/or primers for antimicrobial resistance
marker detection, a probe or primer thereof being capable of hybridising specifically to, or
a primer thereof being capable of selectively amplifying, a nucleotide sequence
representing a genetic antimicrobial resistance marker.

In an alternative embodiment, the method comprises performing an antimicrobial
susceptibility test on a cultured clinical sample obtained from the first culture vessel after
the continued culturing, wherein microbial growth in the antimicrobial susceptibility test is
monitored by assessing growth or markers for growth.

In yet another embodiment, if a microorganism is identified in the nucleic acid
tests, performing an antimicrobial susceptibility test on said cultured clinical sample and/or
portion from step (c) after the continued culturing, wherein microbial growth in said
antimicrobial susceptibility test is monitored by assessing growth or markers for growth,
and wherein the type and concentration of antimicrobial agents used in said antimicrobial
susceptibility test is determined by the identity of the microorganism and antimicrobial
resistance markers detected in the nucleic acid test, and optionally continuing to culture
said clinical sample and/or portion in said first culture vessel and/or second culture vessel.

Accordingly, according to another aspect of the present invention, there is
provided a method for detecting and characterising a microorganism in a clinical sample,
said method comprising:

a) introducing a clinical sample to a first culture vessel containing culture medium,

b (i)) simultaneously transporting and incubating the clinical sample, wherein said
transporting and incubating comprises placing the first culture vessel in a thermally
insulated compartment of a sealable container, heating the clinical sample to a
temperature suitable for pre-culturing of the sample, wherein the thermally insulated
compartment and the heating are used to keep the clinical sample at the temperature
suitable for pre-culturing during transport of the sample, thereby to pre-culture the clinical
sample;

b (ii)) optionally continuing to culture said clinical sample in said first culture vessel;

b (iii)) optionally removing a portion of the clinical sample culture from said first
culture vessel, and introducing said portion to a second culture vessel containing culture
medium, and optionally preculturing said portion in said second culture vessel;

¢) removing a test aliquot from said first and/or second culture vessel, and
continuing to culture said clinical sample and/or portion in said first and/or second culture

vessel;
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d) separating DNA from said test aliquot;
e) performing nucleic acid tests on said DNA to identify the microorganism and to
detect the presence or absence of one or more genetic antimicrobial resistance markers
in said microorganism, wherein said nucleic acid tests are performed using:
i) one or more nucleic acid probes and/or primers for microbial
identification, a said probe or primer being capable of hybridising
specifically to, or a said primer being capable of selectively amplifying, a
nucleotide sequence which is identificatory of a given microorganism; and
i} one or more nucleic acid probes and/or primers for antimicrobial
resistance marker detection, a said probe or primer being capable of
hybridising specifically to, or a said primer being capable of selectively
amplifying, a nucleotide sequence representing a genetic antimicrobial
resistance marker;

and it is detected whether or not said probes and/or primers have hybridised to said DNA

and/or said primers have been extended (e.g. an amplification reaction has taken place);

and

f) if a microorganism is identified in step (e), performing an antimicrobial
susceptibility test on said cultured clinical sample and/or portion from step (¢), wherein
microbial growth in said antimicrobial susceptibility test is monitored by assessing growth
or markers for growth, and wherein the type and concentration of antimicrobial agents
used in said antimicrobial susceptibility test is determined by the identity of the
microorganism and antimicrobial resistance markers detected in step (e), and optionally
continuing to culture said clinical sample and/or portion in said first culture vessel and/or
second culture vessel.

The inventors have made the non-obvious realisation that for some diagnostic
systems, such as those described in WO 2015/189390, pre-culturing the clinical sample
comprising the microorganism with heating and optionally agitation before it is introduced
into a diagnostic system may be advantageous, as this allows the amount of time required
for incubation of a sample in the system to be reduced, thereby allowing sample testing to
be run sooner. In particular, there is often a long lead-time from the time that the sample
(for example, blood) is taken from a patient to the time that the sample is placed in an
automated culture cabinet in the microbioclogy laboratory. Blood samples are typically
collected, transported and cultured in the culture cabinet within biood culture flasks (blood
culture flasks). Examples of blood culture flasks are BacT/Alert® (Biomerieux), Bactec™

(Becton Dickinson) and VersaTrek® (Thermo Fisher).
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Typically, methods for detecting a microorganism in a sample rely on detecting
differences in the number of microbial cells present in a sample at two or more dime
points, and thus rely on measuring microbial growth during the ‘log-phase’ of growth. Pre-
culturing has therefore typically been avoided in the art, as there is a risk of vielding a
false negative result for microbial growth in certain culture devices in cases where
microbial growth has occurred before the sample is placed in an automated culture
cabinet (i.e. pre-culturing), e.g. if the population of microbial cells has reached the
‘stationary-phase’ of growth. For this reason, samples are generally transported to the
microbiology laboratory in containers (which may be insulated) which are either
maintained at room temperature, or are cooled to below room temperature. However,
pre-culturing is acceptable if the analysis is not dependent on a positive determination of
microbial growth, i.e. on detecting a positive sample in a conventional culture cabinet, and
where pre-culturing is acceptable, it is advantageous to pre-culture the sample as it is in
transit to the laboratory. Many microbiology labs run around the clock, and vet still there
are unnecessary delays in sample processing. The method of this aspect gets an
advantage from the long lead-time from the time that the sample (for example, blood) is
taken (from a patient) to the time that the sample is placed in an automated culture
cabinet in a diagnostic system in a microbiology laboratory. The inventors have
recognised that contrary to the prior art approach for this type of sample it is
advantageous to heat the sample to above room temperature after it has been collected
from a test subject and to thereby incubate the sample during transport, rather than
cooling it or maintaining it at room temperature.

Prior art transport containers for culturing are known within the field of cell-culture
and tissue transportation as the cost and need are higher in that field. One example of
such a container is described in US 8074465. This discloses a thermally insulated
transport container system comprising: a closable container having a thermally insulated
portion, the container being configured for storage or shipment of a skeletal myoblast cell-
based product; a sealable canister within the container, the canister being configured for
holding the skeletal myoblast cell-based product; and a refrigerant within the container,
the refrigerant being configured to maintain an internal temperature in the canister in the
range of -5 °C to 15 °C for a period of at least 72 hours. However, this prior art presents
no suggestion to use such a container in the context of the method of the invention.

The prior art also includes containers that are designed for transport and heating
of biological material in order to preserve the biological material. For example, GB
2055530 discloses an electrically heated case for transporting infusion solution and US

6028293 discloses a temperature controlled container for transporting biclogical tissue
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including human skin. It is however important to realise that the purpose of such devices
is considerably different to the purpose of the device of US 8074465 and the like, and is
further very different to the purpose of the container in the current method, since
preservation of biological materials is done for very different reasons than incubation of
clinical samples to culture the sample. Indeed, one skilled in the art would not consider
the use of a tissue preservation device as in GB 2055530 or US 6028293 for incubation of
a sample as proposed in US 8074465.

An incubation device using heating in a portable device is described in US
2013/226032. The disclosure relates to stimulation of whole blood and then chilling of the
blood in the same container during transport and storage of the blood. The blood is held
in blood vacuum collection tubes and manual processing of these tubes is required to
manually add active ingredients such as anticoagulants and stimulants, and to then
introduce a leukocyte membrane to the tubes.

A portable apparatus as described below can be used for transportation of a
clinical sample whilst pre-culturing the clinical sample. The portable apparatus described
herein may be provided as a part of a broader testing system for testing a clinical sample.
The portable apparatus is used for transporting and pre-culturing the clinical sample prior
to testing, which provides significant benefits in relation to the time taken to obtain a final
test result. Following the period of pre-culture (i.e. transportation), the first culture vessel,
which is preferably a blood culture flask, may be introduced into a clinical sample
processing system. An example embodiment of the present invention thus provides a
clinical sample testing system comprising: the portable apparatus as described, for
example, with reference to Figures 6 to 9, along with a clinical sample processing system
for further testing of the clinical sample.

Advantageously, the portable apparatus allows the pre-culture of a clinical sample
between the point at which the clinical sample is introduced into a culture vessel, and the
point at which the culture vessel is introduced into a clinical sample processing system.
This therefore allows a greater degree of microbial growth than would be achieved in the
absence of incubation, thereby increasing the number of microbial cells in a sample
available for testing. This may advantageously reduce the incubation time that is required
before subsequent testing steps may be performed, and/or increase the efficacy and/or
sensitivity of such steps. By pre-culturing the microbial cells during what would otherwise
be dead time in a workflow for diagnosing sepsis, the present invention in effect brings
forward the point at which culture of the clinical sample is initiated, thereby reducing the
time required after obtaining a sample from a patient for a successful diagnosis. The

simultaneous transporting and incubating of a clinical sample in such a portable apparatus
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thus advantageously may be incorporated into a method for detecting and characterising
a microorganism in a clinical sample.

Following a period of pre-culture (i.e. during transportation), the first culture vessel
may be introduced into a clinical sample processing system. As mentioned above and
explained further below a dedicated instrument or device may be provided to perform any
one of or all of the steps following step (b)(i) of the first aspect of the present invention, or
steps (b)(ii)-(f) of the second aspect of the invention, which may be designed to receive
the first culture vessel containing the clinical sample culture for culturing and AST and 1D
testing.

It will be seen that the methods of the present invention rely upon culturing a
clinical sample as it is transported from a test subject to a location for testing (e.g. a
pathology laboratory). Aliquots of the clinical sample culture may be taken to enable firstly
molecular tests and secondly a rapid AST to be performed with a reduced, or without, a
subsequent period of incubation required before testing may take place. Furthermore, the
method allows molecular tests to be performed whilst preserving the option of using the
same clinical sample for further conventional tests.

According to the second aspect of the invention, this may be done by culturing it
while the molecular tests (step (e)), and optionally also the AST of step (f), are performed.
This can be a single culture (e.g. continuing to incubate the clinical sample) or a further
culture may be set up e.g. which may be used to provide an aliquot for testing whilst the
first or initial culture is maintained in culture (i.e. continues to be cultured). Indeed by
continuing to culture the sample or portion during the molecular tests of step (g), and
optionally also during step (f), the culturing required for the further (e.g. conventional) tests
is in effect being performed in parallel with the molecular and AST tests of steps (e) and
(f). Accordingly, step (f) of the method may in certain embodiments be expressed as
performing an antimicrobial susceptibility test on a further aliquot of the cultured clinical
sample or portion from step (c).

Thus, in one embodiment, this aspect of the invention provides a method
comprising:

a) introducing a clinical sample to a culture vessel containing culture medium;

b (i)) simultaneously transporting and incubating the clinical sample, wherein said
transporting and incubating comprises placing the culture vessel in a thermally insulated
compartment of a sealable container, heating the clinical sample to a temperature suitable
for pre-culturing of the sample, wherein the thermally insulated compartment and the
heating are used to keep the clinical sample at the temperature suitable for pre-culturing

during transport of the sample, thereby to pre-culture the clinical sample;
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b (ii)) optionally continuing to culture said clinical sample in said culture vessel;
¢) removing a test aliquot from said culture vessel, and continuing to culture said
clinical sample in said culture vesssl;
d) separating DNA from said test aliquot;
e) performing nucleic acid tests on said DNA to identify the microorganism and to
detect the presence or absence of one or more genetic antimicrobial resistance markers
in said microorganism, wherein said nucleic acid tests are performed using:
i) one or more nucleic acid probes and/or primers for microbial
identification, a said probe or primer being capable of hybridising
specifically to, or a said primer being capable of selectively amplifying, a
nucleotide sequence which is identificatory of a given microorganism; and
ii) one or more nucleic acid probes and/or primers for antimicrobial
resistance marker detection, a said probe or primer being capable of
hybridising specifically to, or a said primer being capable of selectively
amplifying, a nucleotide sequence representing a genetic antimicrobial
resistance marker;

and it is detected whether or not said probes and/or primers have hybridised to said DNA

and/or said primers have been extended (e.g. an amplification reaction has taken place);

and

) if a microorganism is identified in step (e), performing an antimicrobial
susceptibility test on said cultured clinical sample from step (c), wherein microbial growth
in said antimicrobial susceptibility test is monitored by assessing growth or markers for
growth, and wherein the type and concentration of antimicrobial agents used in said
antimicrobial susceptibility test is determined by the identity of the microorganism and
antimicrobial resistance markers detected in step (e), and optionally continuing to culture
said clinical sample in said culture vessel.

In the above embodiment, the culture vessel represents the first culture vessel
according the methods of the invention.

As noted above, in a further aspect a further culture may be set up from the clinical
sample. In one such embodiment a clinical sample may be introduced into a first culture
vessel, and after the period of pre-culture of the clinical sample (i.e. during transportation),
a portion of the content of the first culture vessel may be removed and used to inoculate a
second culture vessel. As mentioned above and explained further below a dedicated
instrument or device may be provided to perform the method of the invention, and this
may be used alongside a conventional culture system or instrument for performing

conventional tests if desired or necessary (e.g. a culture cabinet from Becton Dickinson or



10

15

20

25

30

35

WO 2017/182645 PCT/EP2017/059542
-11 -

Biomerieux). Such a dedicated instrument/device may be designed to receive the first
culture vessel containing the clinical sample, and to remove a portion from the first culture
vessel and introduce it into the second culture vessel. This may allow the first culture
vessel to be placed in a further culture system (e.g. incubator) for testing via conventional
means, whilst the portion of the clinical sample culture obtained therefrom is retained in
the device of the present invention for culturing (including optional preculturing) and AST
and ID testing.

The method of this aspect of the present invention may therefore comprise:

a) introducing a clinical sample to a first culture vessel containing culture medium;

b (i)) simultaneously transporting and incubating the clinical sample, wherein said
transporting and incubating comprises placing the first culture vessel in a thermally
insulated compartment of a sealable container, heating the clinical sample to a
temperature suitable for pre-culturing of the sample, wherein the thermally insulated
compartment and the heating are used to keep the clinical sample at the temperature
suitable for pre-culturing during transport of the sample, thereby to pre-culture the clinical
sample;

b (ii)) optionally continuing to culture said clinical sample in said first culture vessel;

b (iii)) removing a portion of the clinical sample culture from said first culture
vessel, and introducing said portion to a second culture vessel containing culture medium
and optionally preculturing said portion in said second culture vessel;

¢) removing a test aliquot from said second culture vessel, and continuing to
culture said portion in said second culture vessel;

d) separating DNA from said test aliquot;

e) performing nucleic acid tests on said DNA to identify the microorganism and to
detect the presence or absence of one or more genetic antimicrobial resistance markers
in said microorganism, wherein said nucleic acid tests are performed using:

i) one or more nucleic acid probes and/or primers for microbial
identification, a said probe or primer being capable of hybridising
specifically to, or a said primer being capable of selectively amplifying, a
nucleotide sequence which is identificatory of a given microorganism; and
i) one or more nucleic acid probes and/or primers for antimicrobial
resistance marker detection, a said probe or primer being capable of
hybridising specifically to, or a said primer being capable of selectively
amplifying, a nucleotide sequence representing a genetic antimicrobial

resistance marker;
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and it is detected whether or not said probes and/or primers have hybridised to
said DNA and/or said primers have been extended (e.g. an ampilification reaction has
taken place); and

f) if a microorganism is identified in step (e), performing an antimicrobial
susceptibility test on said cultured portion from step (c), wherein microbial growth in said
antimicrobial susceptibility test is monitored by assessing growth or markers for growth,
and wherein the type and concentration of antimicrobial agents used in said antimicrobial
susceptibility test is determined by the identity of the microorganism and antimicrobial
resistance markers detected in step (e), and optionally continuing to culture said portion in
said second culture.

Indeed, in any of the embodiments of this aspect of the present invention further ID
and/or AST tests, whether conventional or not, may be performed on the cultured sample
or portion irrespective of whether or not a positive identification result in step (e) is
obtained. The method therefore allows for culture of the clinical sample or portion to take
place to allow additional identification and/or AST tests to be performed, for example
simply to provide an additional result, e.g. as a back-up or confirmation. In a further
embodiment, further (e.g. conventional) tests may be performed whether or not there is a
positive result from the 1D tests of step (e) and/or the AST test of step (). In a preferred
aspect, culturing of the clinical sample (i.e. of the first culture vessel) is continued to
enable further microbial identification and antimicrobial susceptibility tests to be
performed.

It will further be understood that the tests of steps (e) and/or (f) may be repeated,
or performed one or more times, that is to say aliquots may be removed from the first or
second culture one or more times, e.g. at intervals, to perform the nucleic acid tests of
step (f) one or more times (e.g. two or more times, e.g. 2 or 3 times). Optionally, the AST
test of step (f) may also be performed more than once, should this be desired. As noted
above, culture of the clinical sample in the first culture vessel may be continued, whilst the
AST test of step (f) is going, and optionally also after the test has been performed. Thus
the possibility exists of repeating the AST test or of continuing the culture further to allow
conventional testing. As is clear from the context, an aliquot of the cultured clinical sample
or portion removed therefrom in the first or second culture vessel is simply a portion, i.e. a
part or fraction of the culture vessel contents. The aliqguot may be removed and used
directly for the nucleic acid tests of step (e), (that is after separating DNA from the test
aliquot in step (d)), or in an AST test of step (f), or it may be subjected to a period of
culture before performing the tests of steps (d)/(e) and/or step (). Further, a test aliquot

removed from the first or second culture vessel may be divided into sub-aliquots or aliquot
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fractions, or a sub-aliquot or fraction may be removed therefrom, which may be subjected
to testing or further culture. This culture of a removed test aliquot or aliquot fraction may
be performed separately, or independently, of the culture or continued culture of the
clinical sample in the culture vessel.

Analogously to the embodiments of the second aspect of the present invention
described above, according to the first aspect of the present invention, the first culture
vessel may be introduced into a clinical sample processing system, and any or all of the
steps following the initial simultaneous transportation and incubation step (b)(i) may be
performed in or using such a system. A dedicated instrument or device may be provided
to perform any one or all of such steps, which device may be designed to receive the first
culture vessel containing the clinical sample culture for testing.

Similarly, aliquots of the clinical sample culture may be taken to enable microbial
identification and/or characterisation tests to be performed with a reduced, or without, a
subsequent period of incubation required before testing may take place. Furthermore, the
method allows molecular tests to be performed whilst preserving the option of using the
same clinical sample for further conventional tests.

This may, for example, be done by culturing the clinical sample while such tests
are performed. This can be a single culture (e.g. continuing to incubate the clinical
sample) or a further culture may be set up e.g. which may be used to provide an aliquot
for testing whilst the first or initial culture is maintained in culture (i.e. continues to be
cultured). Indeed by continuing to culture the sample or portion whilst the test is
performed, the culturing required for the further (e.g. conventional) tests is in effect being
performed in parallel with the identification and/or characterisation tests according to this
aspect of the invention.

Thus, in one embodiment, this aspect of the invention provides a method
comprising:

a) introducing a clinical sample to a culture vessel containing culture medium;

b (i)) simultaneously transporting and incubating the clinical sample, wherein said
transporting and incubating comprises placing the culture vessel in a thermally insulated
compartment of a sealable container, heating the clinical sample to a temperature suitable
for pre-culturing of the sample, wherein the thermally insulated compartment and the
heating are used to keep the clinical sample at the temperature suitable for pre-culturing
during transport of the sample, thereby to pre-culture the clinical sample;

b (ii)) optionally continuing to culture said clinical sample in said culture vessel;

¢) removing a test aliquot from said culture vessel, and continuing to culture said

clinical sample in said culture vessasl;
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and separating DNA from the test aliquot and performing nucleic acid tests on the
DNA to identify a microorganism and/or to detect the presence or absence of one or more
genetic antimicrobial resistance markers in the microorganism, and/or determining the
antimicrobial susceptibility of a microorganism in the clinical sample.

In the above embodiment, the culture vessel represents the first culture vessel
according the methods of the invention.

In a further embodiment, a further culture may be set up from the clinical sample
as described above according to the second aspect of the invention.

The method of this aspect of the present invention may therefore comprise:

a) introducing a clinical sample to a first culture vessel containing culture medium;

b (i)) simultaneously transporting and incubating the clinical sample, wherein said
transporting and incubating comprises placing the first culture vessel in a thermally
insulated compartment of a sealable container, heating the clinical sample to a
temperature suitable for pre-culturing of the sample, wherein the thermally insulated
compartment and the heating are used to keep the clinical sample at the temperature
suitable for pre-culturing during transport of the sample, thereby to pre-culture the clinical
sample;

b (ii)) optionally continuing to culture said clinical sample in said first culture vessel;

b (iii)) removing a portion of the clinical sample culture from said first culture
vessel, and introducing said portion to a second culture vessel containing culture medium
and optionally preculturing said portion in said second culture vessel;

¢) removing a test aliquot from said second culture vessel, and continuing to
culture said portion in said second culture vessel;

and separating DNA from the test aliquot and performing nucleic acid tests on the
DNA to identify a microorganism and/or to detect the presence or absence of one or more
genetic antimicrobial resistance markers in the microorganism, and/or determining the
antimicrobial susceptibility of a microorganism in the clinical sample.

In the methods of the present invention, the pre-culture of the clinical sample (i.e.
the pre-incubation during transport) takes place within a portable apparatus comprising a
sealable container having a thermally insulated compartment for receiving the first culture
vessel; and a heater for heating the clinical sample to a temperature suitable for pre-
culturing of the sample.

The clinical sample may preferably be maintained at a temperature suitable for
pre-culturing of the sample. Suitable temperatures for pre-culturing the sample may vary
depending on the microorganism present in the sample, however, contemplated preferred
temperatures are from 20 to 40°C, or 25 10 40°C e.g. 25 10 37°C, or 30 to 35°C. Here,
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maintaining the temperature means holding the temperature of the sample within a given
range (at which pre-culturing can still take place) for a predetermined length of time, or
until the culture vessel is removed from the container. Preferably the sample is
maintained at a temperature which is within 5 degrees of the optimal temperature, more
preferably within 2 degrees of the optimal temperature.

In certain embodiments, the first culture vessel may be agitated during transport,
thereby to agitate the sample. Thus, in certain embodiments, the clinical sample may be
agitated during transport. The culture vessel may be agitated periodically or continuously.
Thus, the portable apparatus may in certain embodiments comprise an agitator (an
agitator mechanism) for agitating sample within the culture vessel during transportation.
This may be a mechanism for agitating the culture vessel itself and thereby agitating the
sample, for example by moving the culture vessel relative to the portable apparatus.
Alternatively the vessel may remain fixed relative to the portable apparatus with the
sample being moved within the vessel, such as by a magnetic stir bar or differential
heating as discussed below.

Depending on the nature of the vessel, medium, suspected microorganism, clinical
condition etc., the vessel and/or the sample within the vessel may be stirred or rotated,
shaken etc. Agitation during heating ensures even heating of the sample as well as
promoting effective culturing of the sample (e.g. by allowing even distribution of nutrients
in the sample and/or allowing aeration of the sample, and/or to discourage biofilm
formation and/or microbial clumping during pre-culture). In certain instances, the use of
agitation has thus been found to be beneficial to the operation of the pre-culturing
apparatus. Representative modes of agitation are discussed in reference to the
arrangement of the portable apparatus below.

Pre-culture of the clinical sample is performed during the period of time between
obtaining a clinical sample from a test subject and introducing (e.g. inserting) the first
culture vessel containing the clinical sample into the clinical sample processing system.
Typically, this might be at least 1, 2, 3, 4, 5 or 6 hours. Pre-culturing can take place for
any suitable or desired time period, but in order to speed up the method it will preferably
be for a short time period of less than 8 or less than 6 hours. For example pre-culture may
take place for up to 1, 2, 3, 4, 5 or 6 hours prior to the commencement of testing, or more
particularly prior to removal of the test aliquot in step (c). Alternatively preculturing can
take place for less than 1 hour. Preculturing can also take place for more than 6 hours, for
example for 7, 8 or 9 hours, or more than 9 hours, for example up to 10, or 12 hours, or
even longer, but in the interests of providing a rapid method it is generally kept to a

minimum, and short pre-culture periods of up to 6, or more particularly up to 4 or 3 hours



10

15

20

25

30

35

WO 2017/182645 PCT/EP2017/059542

- 16 -

are preferred. As noted above, preculture may take place for a period shorter than is
required to see a positive culture result or it may take place until a positive culture result is
obtained.

The step of culturing the clinical sample in the first culture vessel or of the portion
removed from the first culture vessel, or indeed of culturing a test aliquot/aliquot fraction,
may be performed in any convenient or desired way, as described in more detail below.

In this regard, culture apparatus for culture of clinical samples for e.g. diagnostic or
microbial detection purposes are known and may be used. Different culture apparatus or
culture systems may be used for the separate culture of the culture vessel (e.g. the first
and second culture vessels), and/or of any removed test aliquots/aliquot fractions and/or
for the culture required during the AST test. Furthermore, as mentioned above and
described in more detail below, it is envisaged according to the present invention also to
provide an apparatus, or device, for performing the microbial detection and
characterisation method as described herein. Such a device, or system, may include
apparatus or means for culturing the culture vessel. Accordingly the various culture steps
of the method, including the culture/continued culture of the first and/or second culture
vessel, the culture of a test aliquot or aliquot fraction, or indeed also culture during an AST
test (e.g. the AST test of step (f) according to the second aspect of the present invention)
may be performed in the same or different culture systems or culture apparatus. Thus, in
one embodiment, following pre-culturing step (b)(i), the first culture vessel may be
introduced into a culture apparatus or culture system for continued culture of the clinical
sample. Preferebly, the culture apparatus or culture system may be a microorganism
detection device as described in greater detail below. The first and/or second culture
vessel may additional or alternatively be transferred to a different culture
system/apparatus, for example if there is a negative result from the identification test of
step (e).

The surface of a culture vessel (e.g. the first and/or second culture vessel) may be
cleaned or decontaminated prior to being placed in a culture apparatus (e.g. after the
clinical sample or portion has been introduced into the culture vessel).

Thus for example, in one embodiment, the culture vessel (e.qg. the first culture
vessel) may be cultured in one system whilst the testing steps are being performed. If an
identification test (e.g. the identification tests of step (&) according to the second aspect of
the present invention) is negative and/or inconclusive, or if an AST test (e.g. the AST test
of step (f) according to the second aspect of the invention) is negative, inconclusive or
incomplete, the culture vessel may then be transferred to a further, or separate culture

system, e.g. to enable conventional identification tests and/or AST tests to be performed.



10

15

20

25

30

35

WO 2017/182645 PCT/EP2017/059542

-17 -

For example, such a further or separate culture system may be a conventional culture
cabinet, or a further automated microbial testing/detection system (e.g. diagnostic
system).

In certain embodiments, the methods of the present invention thus may comprise a
step of further culturing the clinical sample and/or portion if no microorganism strain is
identified in step (e) to enable further microbial identification and antimicrobial
susceptibility tests to be performed to identify the microorganism and determine its
antimicrobial resistance profile.

By way of representative example, in one embodiment according to the second
aspect of the invention, the clinical sample, collected from a test subject, is introduced into
a culture vessel, and pre-cultured in a portable apparatus comprising a sealable container
having a thermally insulated compartment for receiving the culture vessel prior to a test
aliquot being removed (step (¢)) and being subjected to steps (d) and (e). Whilst steps (d)
and (e) are performed, the culture vessel is cultured. Optionally, the culture vessel may be
introduced into a culture apparatus or culture system prior to step (¢). If the identification
test step (e) yields a positive result, a further aliquot may be removed from the culture
vessel and subjected to the AST of step (f). If the identification test in step (&) is negative,
the culture vessel containing the clinical sample may be subjected to further culturing, e.g.
in a separate system.

In a further embodiment, a test aliquot is removed from the culture vessel (step (c)
as above), and from this aliquot a fraction is subjected to steps (d) and (e) (nucleic acid
separation and detection). During this time a further aliquot fraction or the remainder of
the test aliquot is subjected to culture, as is the culture vessel from which the test aliquot
is removed. This culture of the separate aliquot/aliquot fraction and culture vessel may
take place in the same or different systems. If the identification test of step (e) yields a
positive result, the cultured further aliquot fraction/remaining aliquot is subjected to the
AST of step (). If the identification test in step (e) is negative, the culture vessel
containing the clinical sample is subjected to further culturing, e.g. in a separate system.

In yet another embodiment, a portion is removed from the first culture vessel after
the period of preculture and introduced into a second culture vessel containing culture
medium. A test aliquot is removed from the second culture vessel (step (¢), and subjected
to steps (d) and (e). During this time the second culture vessel is cultured. If the
identification test of step (e) yields a positive result, a further aliquot is removed from the
second culture vessel and subjected to the AST of step (f). If the identification test in step

(e) is negative, the second culture vessel containing the sample aliquot is subjected to
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further culturing. In a further embodiment, the first culture vessel may additionally or
instead be subjected to further culturing, e.g. in a separate system.

Any of the above embodiments may include continued culture of the first culture
vessel containing the clinical sample irrespective of whether a positive or negative
identification result in step (e) was obtained. In this way an additional result may be
obtained from the sample.

Analogously, in embodiments according to the first aspect of the present invention
the clinical sample, collected from a test subject, is introduced into a culture vessel, and
pre-cultured in a portable apparatus comprising a sealable container having a thermally
insulated compartment for receiving the culture vessel prior to a test aliquot being
removed (step (¢)) and being subjected to nucleic acid tests to identify a microorganism
and/or to detect the presence or absence of one or more genetic antimicrobial resistance
markers in the microorganism, and/or determining the antimicrobial susceptibility of a
microorganism in the clinical sample. Whilst these steps are performed, the culture vessel
is cultured. Optionally, the culture vessel may be introduced into a culture apparatus or
culture system prior to step (c). A further aliquot or aliquots may be removed from the
culture vessel and subjected to an additional test or tests, e.g. a test for the purpose of
determining the antimicrobial susceptibility of a microorganism in the clinical sample if a
test for the purpose of identifying said microorganism had been previously been
performed, or alternatively, if the result of a first test is negative (e.g. a, microbial ID test)
the test may be repeated following such a period of further culture. The culture vessel
containing the clinical sample may alternatively or additionally be subjected to further
culturing, e.g. in a separate system.

In a further embodiment, a test aliquot is removed from the culture vessel (step (c)
as above), and from this aliquot a fraction is subjected to nucleic acid tests to identify a
microorganism and/or to detect the presence or absence of one or more genetic
antimicrobial resistance markers in the microorganism, and/or determining the
antimicrobial susceptibility of a microorganism in the clinical sample. During this time a
further aliquot fraction or the remainder of the test aliquot is subjected to culiure, as is the
culture vessel from which the test aliquot is removed. This culture of the separate
aliquot/aliquot fraction and culture vessel may take place in the same or different systems.
Additional testing on the cultured further aliquot fraction/remaining aliquot may then be
performed as describe above, and the culture vessel containing the clinical sample may
optionally be subjected to further culturing, e.g. in a separate system.

In yet another embodiment, a portion is removed from the first culture vessel after

the period of preculture and introduced into a second culture vessel containing culture
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medium. A test aliquot is removed from the second culture vessel (step (c), and subjected
to nucleic acid tests to identify a microorganism and/or to detect the presence or absence
of one or more genetic antimicrobial resistance markers in the microorganism, and/or
determining the antimicrobial susceptibility of a microorganism in the clinical sample.
During this time the second culture vessel is cultured. A further aliquot may be removed
from the second culture vessel and subjected to further testing as described above. The
second culture vessel containing the sample aliquot and/or the first culture vessel may be
subjected to further culturing, e.g. in a separate system.

It will be seen therefore that in certain preferred embodiments testing (e.g.
molecular testing) takes place (i.e. the nucleic acid tests of step (e) according to the
second aspect of the invention, or nucleic acid tests to identify a microorganism and/or to
detect the presence or absence of one or more genetic antimicrobial resistance markers
in the microorganism in the clinical sample according to the first aspect of the invention)
without any further culture of the clinical sample (i.e. without any culture beyond the pre-
culture which takes place within the transportation apparatus). In other embodiments, the
testing (e.g. the molecular testing) may take place with a reduced period of further culture.
In many microbial testing procedures as carried out today, identification tests (whether by
conventional biochemical tests or by molecular tests) take place once there has been a
positive result in a microbial culture, namely once microbial growth has been detected (a
positive culture test). Thus for example, a blood or other sample is introduced to a culture
vessel (e.g. a blood culture flask), and this is cultured. The culture system may be
designed or selected to indicate that (when) microbial growth has occurred , for example
by including an indicator substance that yields a signal dependent on microbial growth
(e.g. due to pH change, or conversion/consumption of a substrate, or generation of
microbial metabolic product etc.) or simply by detecting microbial growth by any means.
When/if sufficient microbial growth occurs to yield a signal/ give detectable growth, this
indicates a “positive” result in the culture/microbial detection (i.e. that there is growth of a
microorganism in the clinical sample, although it is not known at this stage what is the
identity of the microorganism). At this stage the identification and/or AST tests are usually
performed. The microbial growth test may take some hours e.g. 6, 8, 10 or 12 hours or
more, to perform.

The present invention has the advantage that a degree of microbial growth may
take place prior to the point at which microbial culture would be initiated in a conventional
microbial testing procedure as presently carried out. This may reduce the time between
obtaining a clinical sample from a subject and obtaining a positive culture test, and may

also reduce the time between obtaining a clinical sample from a subject and beginning to
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perform molecular testing to identify the nature of the microorganism in the clinical
sample. Furthermore, it is not necessary to wait until a positive result in a cuiture test has
been obtained as a degree of microbial growth may take place in step (b), meaning that a
microbial identification may be more rapidly obtained. Step (b) thus allows for a preculture
step to take place during transportation, e.g. before a first culture vessel is introduced into
a culture apparatus and thus before a positive result may be achieved in a conventional
culture test. Thus, in one representative embodiment according to the second aspect of
the invention, steps (d) and (e) take place before there is a positive culture test result. In
a further embodiment of this aspect, steps (d) and (e) are first performed before a positive
culture result is obtained (or before the time that would be required to obtain a positive
culture result) and may be repeated after a positive culture result (or the time period
required for a positive result). In other words, in one preferred embodiment of this aspect
of the invention at least one set of nucleic acid tests (step {(e)) is performed before there is
a positive culture result, or more particularly before the time that would be required for a
positive culture result to be obtained. In a further representative embodiment of this
aspect, step (f) (an AST step) may also be performed before a positive result is obtained
or obtainable in a culture test. However, it is not precluded according to the method of this
aspect of the present invention to perform the testing steps (e) and (f) after a positive
culture result, e.g. to remove the test aliquot in step (c) after a positive test result. In such
a case it can be seen that a preculture step (b) may involve culturing the first culture
vessel until a positive culture test result is obtained or until such time as a positive culture
test result would be expected.

Similarly, according to the first aspect of the invention, nucleic acid tests identify a
microorganism and/or to detect the presence or absence of one or more genetic
antimicrobial resistance markers in the microorganism, and/or determining the
antimicrobial susceptibility of a microorganism in the clinical sample take place before a
positive culture test result. In a further embodiment of this aspect of the invention, such
tests are first performed before a positive culture result is obtained (or before the time that
would be required to obtain a positive culture result) and may be repeated after a positive
culture result (or after the time period required for a positive result. For example, at least
one set of nucleic acid tests may be performed before there is a positive culture result, or
more particularly before the time that would be required for a positive culture result to be
obtained, and/or an AST assay may also be performed before a positive result is obtained
or obtainable in a culture test. However, it is also contemplated nucleic acid tests identify
a microorganism and/or to detect the presence or absence of one or more genetic

antimicrobial resistance markers in the microorganism, and/or determining the
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antimicrobial susceptibility of a microorganism in the clinical sample may take place after
a positive result, i.e. a test aliquot is removed in step (¢) after a positive test result. In such
a case it can be seen that a preculture step (b) may involve culturing the first culture
vessel until a positive culture test result is obtained or until such time as a positive culture
test result would be expected.

In relation to the nucleic acid tests described herein (e.g. the tests of step (e)
according to the second aspect of the invention), in one preferred embodiment a first set
of nucleic acid probes are used which hybridise specifically to a nucleic sequence which is
identificatory of a microorganism and a second set of probes which hybridise specifically
to a nucleotide sequence which represents a genetic antimicrobial resistance marker. In
such an embodiment detection of probe hybridisation may involve, or may take place by,
probe amplification. Thus detection of probe hybridisation may be performed by detecting
probe amplification. Accordingly the methods of the invention may comprise (e.g. in step
(e) according to the second aspect of the invention) the use of one or more amplification
primers for the probe, that is primer(s) designed or selected for amplification of a probe
which has hybridised to its target nucleotide sequence. As is described in more detail
below, in a certain preferred embodiments the probe may be designed to be ligated if it
has hybridised to its target nucleotide sequence, e.g. a ligation reaction designed to
circularise the probe. Probe ligation is thus indicative of the presence of the target
sequence. A ligated (e.g. circularised) probe may be detected by ampilification of the
ligated probe, for example by generating an amplification product using the ligated probe
as template (e.g. a circularised probe may be a template for a RCA reaction) and the
amplification product may be detected, either directly, or by using a detection probe which
hybridises to the amplification product.

The AST test (e.g. the test of step (f) according to the second aspect of the
invention) may, as described further below, be performed in any convenient or desired
way. Accordingly microbial growth may be assessed (or determined) in the presence of
different antimicrobial agents (e.g. antibiotics) and/or amounts or concentrations of
antimicrobial agent (e.g. antibiotic). Growth may be assessed directly or by assessing
(determining) markers of growth.

Accordingly, microbial growth may be assessed by determining the amount of
microbial cell matter (that is microbial biomass) present in a sample, particularly by
assessing or determining this directly. In a preferred embodiment this is achieved by
determining the amount of microbial biomass visually, and especially by imaging. In

particular 2-D images may be obtained and assessed. Thus in a preferred embodiment
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the area of microbial biomass may be determined (more particularly the area of microbial
biomass in the field of view under investigation, e.g. in an image).

Microbial growth may be assessed by determining the amount of microbial cell
matter (that is microbial biomass) present in a sample (here, specifically, in the test
microbial cultures set up for the AST test) particularly by assessing or determining this
directly. In a preferred embodiment this is achieved by determining the amount of
microbial biomass visually, and especially by imaging. In particular, 2-D images aligned
perpendicularly to the optical axis (here termed xy-aligned) may be obtained and
assessed. A specific area of the specimen is covered in a single xy-aligned image the size
of which is dependent on the optical properties of the imaging apparatus. For each
position in xy-space, one or more 2D images can be collected at different intervals along
the optical or z axis. Thus, a series, or stack of 2D images can be generated, providing 3D
information of a sample volume. An alternative method of extracting 3D information from a
sample is that employed by Unisensor (see e.g. US 8780181), where the oplical axis is
tilted with respect to the xy-plane, and the sample or detector is moved along either the x
or y plane. Here, a series of images with an extension into z space, in addition to xy
space, is acquired. Through a subsequent transformation of the image data, stacks of 2D
images aligned perpendicularly to the xy plane can be achieved also with this method.

Once extracted, the 3D information inherent in the 2D image stacks can be utilized
to estimate/infer/deduce the total cell mass present in the analysed volume. In a preferred
embodiment, 2-D images may be generated from 3-D information by e.g. projections of z-
stacks into one 2-D image. Analysis may then be performed using the resulting 2-D
image. The area of microbial biomass may then be determined as the area of optical
density indicating microbial biomass in the field of view under investigation, e.g. in the
projected 2D image. Such a method is common practice in the art and may increase
sensitivity, and algorithms for this for bright field images may be found in the publicly
available software Cellprofiler from MIT, USA. Similar analysis may be performed for
fluorescent images, and many alternative algorithms for this exist, e.g. in Cellprofiler, and
also in most commercial image analysis systems.

In another embodiment, intensity variation in the z space stretching over each
position in xy space is registered, indicating microbial mass in a specific position.
Integrated over the entire xy space, this gives a measure of total microbial volume.
Algorithms for this procedure also exist in commonly available image analysis software,
e.g. in the freeware Cellprofiler.

More generally, microbial growth may be assessed by determining the amount

and/or number and/or size of microorganisms and/or microbial colonies or aggregates. As
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will be discussed in more detail below, in certain preferred embodiments, microbial growth
is assessed (determined) by imaging, or alternatively expressed, by visualising the
microorganisms. Thus microbial cells, which may include aggregates or clumps (clusters)
of cells, or microbial colonies, may be visualised or imaged as a means of determining (or
assessing or monitoring) growth. This may include counting of cells or colonies, but is not
limited to such methods and includes any means of visually assessing the amount of
microbial growth by assessing (or determining) the size, area, shape, morphology and/or
number of microbial cells, colonies or aggregates (the term “aggregate” includes any
collection of cells in physical proximity e.g. a clump or cluster; this may include non-clonal
clumps/clusters of cells which have aggregated or stuck together (e.g. neighbouring cells
which have become aggregated) as well as clonal colonies). The parameter used to
measure microbial growth may, but need not, vary according to the identity of the microbe
(e.g. as determined in step (e) according to the second aspect of the invention) and the
antimicrobial agents used in the AST assay (e.g. step (f) according to the second aspect
of the invention). Indeed, depending on the organism and the antimicrobial agents used,
the morphology or growth pattern of the cells may be affected, and this may be altered or
changed from the “normal” or “typical” morphology or growth pattern, e.g. in the absence
of the antimicrobial agent. Whilst some AST growth monitoring methods may depend on
detecting such changes, it is not essential according to the present invention to take such
changes into account and the amount (e.g. area) of microbial growth or biomass may be
determined irrespective of morphology and/or growth pattern. Thus the same growth
monitoring method may be used regardless of the microbial cell and/or antimicrobial
agents used. Methods for performing the AST test are described further below.

According to the second aspect of the invention, advantageously, the clinical
sample (e.g. a test aliquot) may be used directly in the AST test, after a positive result in
step (e). The clinical sample/portion/ftest aliquot/aliquot fraction etc. would have been
subjected to culture during the time that steps (d) and (e) have been performed, and it is
not necessary for any further sub-culture to be performed before step (f). Indeed, in
advantageous embodiments there is no further sub-culture step. In particular there is no
sub-culture step in a further culture medium or culture vessel. More particularly, there is
no step of sub-culturing to obtain a pure culture of a microorganism prior to AST. This
means that a more rapid AST test may be performed.

Analogously to this, according to the first aspect of the invention, an AST test may
be performed directly using the clinical sample (e.g. the test aliquot), and it is not
necessary for any sub-culture to be performed prior to this. Indeed, in advantageous

embodiments there is no further sub-culture step. In particular there is no sub-culture step
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in a further culture medium or culture vessel. More particularly, there is no step of sub-
culturing to obtain a pure culture of a microorganism prior to AST. This means that a more
rapid AST test may be performed.

Advantageously, a rapid AST test is performed. Accordingly, in preferred
embodiments of the methods of the present invention, the AST test (e.g. the AST test of
step (f)) may give a result in 8, 7, or 6 hours or less, for example in 4 or 5 hours or less.

The monitoring or assessing of microbial growth in the AST test may take place by
monitoring growth continuously or at intervals over a time period (e.g. upt0 6, 5, 6, 7 or 8
hours), or by comparing growth at the time the AST growth culture is initiated (o) with
growth at a later time point (e.g. atup to 4, 5, 6, 7, or 8 hours), or indeed comparing
growth at two or more different time points. In preferred embodiments, microbial growth is
determined at more than one time point, i.e. at at least two time points.

The method of the invention may be used for the detection and characterisation of
any microorganism. Generally speaking clinically relevant microorganisms are concerned.
As used herein, the term microorganism encompasses any organism which may fall under
the category of “microorganism”. Although not necessarily so, microorganisms may be
unicellular, or may have a unicellular life stage. The microorganism may be prokaryotic or
eukaryotic and generally will include bacteria, archaea, fungi, algae, and profists, including
notably protozoa. Of particular interests are bacteria, which may be Gram-positive or
Gram-negative or Gram-indeterminate or Gram-non-responsive, and fungi.

Particularly, clinically relevant genera of bacteria include Staphylococcus
(including Coagulase-negative Staphylococcus), Clostridium, Escherichia, Salmonella,
Pseudomonas, Propionibacterium, Bacillus, Lactobacillus, Legionella, Mycobacterium,
Micrococcus, Fusobacterium, Moraxella, Proteus, Escherichia, Klebsiella, Acinefobacter,
Burkholderia, Entercoccus, Enterobacter, Citrobacter, Haemophilus, Neisseria, Serratia,
Streptococcus (including Alpha-hemolytic and Beta-hemolytic Streplococci), Bacteriodes,
Yersinia, and Stenotrophomas, and indeed any other enteric or coliform bacteria. Beta-
hemolytic Streptococci would include Group A, Group B, Group C, Group D, Group E,
Group F, Group G and Group H Streptococci.

Non-limiting examples of Gram-positive bacteria include Staphylococcus aureus,
Staphylococcus haemolyticus, Staphylococcus epidermidis, Staphylococcus
saprophyticus, Staphylococcus lugdunensis, Staphylococcus schleiferei, Staphylococcus
caprae, Staphylococcus pneumoniae, Staphylococcus agalactiae, Staphylococcus
pyogenes, Staphylococcus salivarius, Staphylococcus sanguinis, Staphylococcus
anginosus, Streptococcus pneumoniae, Strepfococcus pyogenes, Streptococcus mitis,

Streptococcus agalactiae, Streptococcus anginosus, Strepfococcus equinus,
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Streptococcus bovis, Clostridium perfringens, Enferococcus faecalis, and Enterococcus
faecium. Non-limiting examples of Gram-negative bacteria include Escherichia coli,
Salmonella bongori, Salmonella enterica, Citrobacter koseri, Citrobacter freundii,
Klebsiella pneumoniae, Klebsiella oxytoca, Pseudomonas aeruginosa, Haemophilus
influenzae, Neisseria meningitidis, Enterobacter cloacae, Enterobacter aerogenes,
Serratia marcescens, Stenofrophomonas maltophilia, Morganella morganii, Bacteriodes
fragilis, Acinetobacter baumannii and Proteus mirabilis.

Clinically relevant fungi may include yeasts, particularly of the genus Candida, and
fungi in the genera Aspergillus, Fusarium, Penicilium, Pneumocystis, Cryptococcus,
Coccidiodes, Malassezia, Trichosporon, Acremonium, Rhizopus, Mucor and Absidia. Of
particular interest are Candida and Aspergillus. Non-limiting examples of fungi include
Aspergillus fumigatus, Candida albicans, Candida tropicalis, Candida glabrata, Candida
dubliensis, Candida parapsilosis, and Candida krusei.

The term “detecting” refers broadly to any means of determining the presence or
absence of a microorganism. Thus “detecting” may include determining, assessing or
measuring in any way or form whether or not a microorganism is present - it may include
gualitative, quantitative or semi-quantitative determinations.

The term “characterising” means broadly any means of determining information
about the nature and/or properties of the microorganism, and includes particularly
identifying the microorganism. More particularly the microorganism may be identified in
terms at least of its genus, and preferably its species. In some cases even identification at
the level of strain may be possible. The method of the invention also advantageously
allows the microorganism to be characterised in terms of determining whether or not it is
susceptible, or is expected to be susceptible, to given antimicrobial agents, or whether it
demonstrates resistance or is expected to be resistant to any antimicrobial agents e.g.
determining its antimicrobial susceptibility profile. This may be done by testing for the
presence of molecular resistance markers, namely genetic variants or particular genetic
sequences which are associated with, or indicative of resistance to one or antimicrobial
agents, or classes of antimicrobial agent. Such molecular tests of course do not determine
conclusively that the microorganism is susceptible and this is done by an AST test, such
as the AST test of step (f) in the second aspect of the invention, in which the effect of the
antimicrobial agent on the growth of the microorganism is tested directly.

The term “lysing” means breaking down of a cell. In particular, the cell is broken
down to release cell contents, including particularly nucleic acid, This may be achieved by
any means, as vast number of which are known in the art, for example n by viral,

enzymatic, mechanical, electrical, chemical, heat, cold or osmotic mechanisms that
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compromise its integrity leading to the partial or full release of cellular components into
surrounding solution.

The clinical sample may be any clinical sample that may be obtained from a test
subject, which generally will be a human patient but may be any human or animal,
generally mammalian, subject. It may thus be any sample of body tissue, cells or fluid, or
any sample derived from the body, e.g. a swab, washing, aspirate or rinsate etc. Suitable
clinical samples include, but are not limited to, blood, serum, plasma, blood fractions, joint
fluid, urine, semen, saliva, faeces, cerebrospinal fluid, gastric contents, vaginal secretions,
mucus, a tissue biopsy sample, tissue homogenates, bone marrow aspirates, bone
homogenates, sputum, aspirates, wound exudate, swabs and swab rinsates e.g. a
nasopharyngeal swab, other bodily fluids and the like. In a preferred embodiment, the
clinical sample is sample is blood or a blood-derived sample, e.g. serum or plasma or a
blood fraction.

The microorganism may be any microorganism, in particular any pathogenic
microorganism or any microorganism causing an infection in the body, and thus the
method may be used in the context of detecting or diagnosing a microbial infection in or
on any part of the body of a test subject (i.e. any microbial infection) and the nature of the
clinical sample may be determined accordingly, e.g. according to the presentation of
symptoms of the infection or suspected infection, or the general clinical condition of the
subject. Although any microbial infection is encompassed, the method of the invention has
particular utility in the detection or diagnosis of sepsis, or where sepsis is suspected. Thus
the clinical sample may be from a subject having, or suspected of having, or at risk of,
sepsis. In such a case the sample will generally be blood or a blood-derived sample.
Typically the sample will be blood.

In the first step of the method (step (a)) the sample is introduced to a first culture
vessel. This is a standard step which may be carried out according to standard
procedures well known in the art and widely described in the literature. The first culture
vessel may be any vessel or container suitable for the collection of a clinical sample and
culture of microbial cells, e.g. a tube, bottle, flask etc. Preferably, the first culture vessel is
a blood culture flask. Blood culture flasks are well-known in the art, and may be, for
example a BacT/ALERT (Biomerieux) blood culture flask, a Bactec blood culture flask
(Becton Dickinson) or VersaTrek blood culture flask (Thermo Fisher), or indeed any tube,
flask or bottle known for the sampling of blood, particularly for the purpose of culture to
detect microorganisms.

The second culture vessel, i.e. where a portion of the clinical sample culture is

removed from the first culture vessel prior to step (¢) can include any vessel or container
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suitable for the culture of microbial cells, e.g. a plate, well, tube, bottle, flask etc. The
second culture vessel may conveniently also be a blood culture flask as described above.

Conveniently the culture vessel (e.g. the first or second culture vessel) may be
provided with the culture medium already contained therein. However, the culture medium
may be separately provided and introduced into the culture vessel, either prior to,
simultaneously with, or after the clinical sample has been added.

The culture medium may be any suitable medium and may be selected according
to the nature of the clinical sample and/or the suspected microorganism, and/or clinical
condition of the subject etc. Many different microbial culture media suitable for such use
are known. Typically the culture medium may contain sufficient nutrients to promote rapid
growth of microorganisms, as is known in the art. In many cases appropriate media are
complex growth media comprising media such as tryptic soy broth, Columbia broth, brain
heart infusion broth, Brucella broth, as well as general purpose growth media known in the
art , and may include the addition of particular growth factors or supplements. Culture
media are available in various forms, including liquid, solid, and suspensions etc. and any
of these may be used, but conveniently the medium will be a liquid medium. Where the
culture vessel is a ready to use blood culture flask, as described above, these vessels
may contain specified media especially modified to allow a wide range of microorganisms
to grow. Typically medium supplied in a blood culture flask by a manufacturer will contain
an agent or additive to neutralise the presence of any antibiotics present in a clinical
sample taken from a test subject. Flasks containing or not containing such neutralising
agents may be used, and neutralising agents may be added to the culture vessel if
desired.

As noted above, a first test aliquot for the identification tests of step (e) may be
removed following a period of pre-culture during transport of the clinical sample.

Step (b) comprises pre-culturing the clinical sample in the first culture vessel
during transit, and allows the microorganisms present in the sample to grow (i.e. multiple),
before the molecular testing takes place. In the case of a blood sample for example (e.qg.
in a blood culture flask), the number microbial cells is generally expected to be low and
thus the pre-culture is advantageous to increase the number of microbial cells available
for molecular testing or to facilitate the recovery of microbial DNA etc.

In certain embodiments of the present invention, it may be beneficial to detect or
measure whether microbial growth has occurred during the pre-culture of the clinical
sample, e.g. prior to introducing the first culture vessel into the clinical sample processing
system and/or prior to removing a test aliquot for molecular testing. Microbial growth may

be detected using any convenient method as described herein, including turbimetric
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measurement, colorimetric determination, light detection, light scattering, pH
measurement, spectroscopic measurements and fluorometric detection.

Removal of the test aliquot in step (¢) may take place by any convenient means,
depending on the nature of the culture vessel and how it is incubated. For example in the
case of a blood culture flask an aliquot may simply be withdrawn using a needle and
syringe. According to normal clinical and microbiological practice steps may be taken to
avoid or limit contamination, e.g. this may be done under aseptic conditions. For example,
the septum of a culture vessel, such as a blood culture flask, may be cleaned or
decontaminated, preferably prior to withdrawing an aliquot, and/or after withdrawing an
aliquot.

In one convenient embodiment, the means for removal of the test aliquot (e.g. the
needle, and optionally the syringe, may be provided in single-use form, i.e. as a
consumable. In other words it may be disposable and not re-used.

Step (c) of removing a test aliquot while continuing to culture may be performed
more than once. Indeed, for performing the molecular tests of step (e) and the AST test of
step (f) according to the second aspect of the invention, two separate aliquots will usually
be taken and in each case culture will be continued. As mentioned above, however, a
portion of the aliquot taken for performing the molecular tests may be retained and
cultured. This portion may be used for repeat molecular tests (e.g. at a second time point)
and/or may be used in the AST test. However, separate aliquots for repeat molecular tests
may also be taken, for example at spaced intervals of time. Thus a molecular test (step (e)
may be performed more than once. In one such embodiment, an aliguot may be removed
straight after step (b)(i) for an initial molecular test to be performed following transport of
the clinical sample (i.e. upon arrival of the clinical sample at a laboratory for testing, or
when the clinical sample is selected for testing). If the initial molecular test is negative or
not fully conclusive for example, a second aliquot may be removed after a period of
preculture to carry out a second molecular test. Thus in one embodiment, a method
according to the second aspect of the invention may comprise the following steps:

i) introducing a clinical sample to a culture vessel;

ii) simultaneously transporting and incubating the clinical sample, wherein

said transporting and incubating comprises placing the culture vessel in a
thermally insulated compartment of a sealable container, heating the
clinical sample to a temperature suitable for pre-culturing of the sample,
wherein the thermally insulated compartment and the heating are used to
keep the clinical sample at the temperature suitable for pre-culturing during

transport of the sample and optionally mechanically agitating the culture
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vessel to thereby agitate the sample during transport, thereby to pre-culiure
the clinical sample

iii) removing a test aliquot from said culture vessel,

iv) separating DNA from said test aliquot and performing nucleic acid tests as
described in step (e) above;

v) whilst step (iv) is on-going culturing said clinical sample in said culture vessel;

vi) removing a further test aliquot from said culture vessel, and continuing to
culture said clinical sample in said culture vessel;

vii) separating DNA from said further test aliquot and performing nucleic acid tests
as described in step (e) above;

If this second (or any further) molecular test is negative the culture vessel may
undergo further culture. Thus, culturing of the culture vessel may be continued to allow
further tests to be performed.

Similarly, in an embodiment of the first aspect of the invention, a portion of the test
aliquot taken for performing a molecular test (e.g. a nucleic acid test) may be retained and
cultured, and the retained portion may be used for repeat molecular tests (e.g. ata
second time point). However, separate aliquots for repeat molecular tests may also be
taken, for example at spaced intervals of time. Thus, a molecular test may be performed
more than once, e.g. once following step (b)(i) of the first aspect of the present invention,
and at a further time point after a period of culture. According to this embodiment, the
method comprises steps (i)-(iii) outlined above and a step of separating DNA from the test
aliquot and performing a nucleic acid test, and whilst this step is on-going culturing the
clinical sample in the culture vessel. Following this period of culture, a further test aliquot
may be removed from said culture vessel (and optionally culture of the clinical sample in
the culture vessel is allowed to continue), and DNA is separated from the further test
aliquot and a nucleic acid test is performed as described above.

To enable a molecular nucleic acid test (e.g. the molecular nucleic acid tests of
step (e) of the second aspect of the invention) to be performed, DNA is separated from
the removed aliquot or aliquot fraction (in step (d)). It will be understood of course that
microbial DNA is required for the molecular tests and depending on the nature of the
clinical sample there may be a significant number of cells from the test subject present,
which may complicate or interfere in the separation or subsequent testing. More
particularly the non-microbial DNA, e.g. human DNA, present in the cells of the test
subject in the clinical sample may make the detection and testing of microbial DNA
difficult, particularly in the case of samples such as blood where there are very many more

blood cells (particularly white blood cells) than microbial cells. Accordingly it may be
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desirable to selectively separate, or enrich for, microbial DNA from the test aliquot. Indeed
the method may optionally comprise a step of separating or enriching microorganisms or
microbial cells in or from the test aliquot, e.g. prior to or concurrently with the step of
separating DNA, or separating microbial DNA.

Suitable methods for enriching the microorganisms in the sample can include
lysing any non-microbial cells present in the aliquot, or selectively removing microbial cells
from the aliquot (i.e. positive or negative selection of microbial cells from the aliquot).
Methods for doing this are known in the art. Methods for selectively lysing non-microbial
cells for selectively enriching microorganisms in a sample, which are not dependent on
knowing the identity of the microorganisms, are described for example in US
2013/0171615, US 2012/0231446, US 2010/0184210, US 7893251 and US 8481265, and
methods for selectively removing eukaryotic cells from a sample are described in US
2005/0202487.

Methods for separating DNA are known in the art, and any of the various different
methods known and described may be used. Generally speaking these involve lysing
cells, which may be done by various means and ways, and recovering the released DNA,
and again various means and procedures for this are known and available and any of
these can be used. The lysis step may depend on the nature of the suspected
microorganisms, although many procedures may lyse microorganisms in general.

As mentioned above, depending on the nature of the sample, preferably this step
involves separating microbial DNA, more particularly selectively separating, or enriching
for, microbial DNA. This may generally be done by selectively lysing test subject cells in
the sample, whilst leaving the microbial cells intact. Many procedures, and indeed kits, are
known and available which can achieve this, for example from Molzym (Germany). For
example, human cells, e.g. human blood cells, may readily be lysed, without lysing
microbial cells present in the aliquot. The same applies to other human or mammalian
cells which may be present, depending on the sample. Separation, and in particular
selective separation, of microbial DNA is preferred in the case of a blood or blood-derived
sample.

Thus any cells in the clinical sample which derive from the subject under test and
which are present in the test aliquot may be lysed using lysis conditions which do not lyse
microbial cells. For example an appropriate lysis reagent, e.g. a lysis buffer, may be
added to the test aliquot. The DNA, or nucleic acid more generally, released in this first
lysis step may be removed, for example by degradation (e.g. with a DNA-degrading
enzyme e.g. DNase), and/or by any method which can separate or remove DNA or

nucleic acid from the sample and/or separate any non-lysed microbial cells, e.g. a
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separation method such as filtration, column separation, precipitation, centrifugation etc.,
although in one embodiment it is preferred feature of the method that it does not include
centrifugation. Thus in one embodiment the step of DNA separation does not include
centrifugation, and indeed in a further preferred embodiment the method as a whole does
not include centrifugation. Any enzymes, particularly any DNA-degrading enzymes, used
in these steps may be inactivated or removed, e.g. by heating or by adding further protein-
degrading enzymes.

Next, microbial cells remaining in, or from, the treated aliquot (e.g. the lysate from
the first lysis step) are then lysed by introducing lysis conditions, e.g. adding an
appropriate lysis reagent (e.g. lysis buffer) for lysis of microbial cells. Many such buffers
are known in the art and/or commercially available e.g. from Molzym (Germany). Microbial
DNA released in the second microbial lysis step may then be recovered, e.g. separated
from the reaction mixture (lysate). As above, many techniques for this are available and
any of these may be used. In a preferred embodiment this step does not include
centrifugation.

The recovered DNA, or recovered microbial DNA, is then subjected to the
molecular tests (e.g. in step (e). It may be desirable to denature double-stranded DNA,
particularly microbial DNA separated or enriched from the test aliquot, prior to performing
the molecular nucleic acid tests of step (e). Further it may be advantageous or desirable
(but is not necessary) to fragment the DNA prior to performing the molecular tests of step
{(e). Such steps may be achieved by routine methods known in the art, for example
fragmentation may be achieved mechanically, by heat or by enzymatic degradation
methods, e.g. using restriction or other endonucleases.

Essentially the molecular tests use nucleic acid probes or primers which are
designed to hybridise to specific microbial nucleic acid sequences, or to be capable of
selectively amplifying a specific microbial sequence, and which, based on whether or not
they hybridise, or are extended (e.g. successfully prime an amplification reaction) can be
used to detect whether or not a particular microorganism is present and whether or not it
contains a genetic antimicrobial resistance marker. Such nucleic acid tests, and
hybridisation probes or primers for use in them, are known in the art and described in the
literature.

A hybridisation probe will comprise a nucleotide sequence which is capable of
hybridising to a desired or selected target sequence, preferably specifically hybridising.
Thus it may comprise a sequence which is complementary to a target sequence. Absolute
or 100% complementarity is not required as long as the probe is capable of hybridising

specifically to the target sequence in the presence of non-target nucleotide sequences. By
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detecting hybridisation it can be detected whether or not the target sequence is present,
and many hybridisation assay formats using different modalities for detecting hybridisation
of a nucleic acid probe are known and may be used. Generally speaking, the detection of
step (e) may take place by detecting the hybridisation probe.

As discussed above, detection of the hybridisation probe may comprise or involve
amplifying the hybridisation probe. Accordingly, in addition to hybridisation probes, one or
more amplification primers for the hybridisation probes may be provided.

In the case of the invention the target sequence is firstly (e.g. in step (e)(i)
according to the second aspect of the invention, or step (i) of the nucleic acid test
according to the first aspect of the invention) a nucleotide sequence identificatory of a
microorganism, that is, a nucleotide sequence which is characteristic of a particular
microorganism, e.g. of a genus, species or strain and which may be used as the basis for
identifying that microorganism. Thus the identificatory nucleotide sequence may
accordingly be viewed as a motif or signature, or sequence characteristic of a given
particular microorganism. Typically it may be a sequence which is unique to that
microorganism (e.g. at genus, species or strain level). A number of such identificatory
sequences have been identified and reported and any of these could be used. For
instance the target sequence may be a nucleic acid sequence from the 16s rRNA gene.
Alternatively it would be a routine matter to identify such motif/signature/identificatory
sequences, e.g. using bicinformatic tools to analyse microbial genomic sequences, and to
design appropriate hybridisation probes based on these, comprising sequences capable
of hybridising to the identified sequences.

Alternatively, rather than using hybridisation probes, one or more primers may be
used and a primer-based method, for example a polymerase primer extension-based
method, may be used to detect and identify the microorganism. Typically this will be an
amplification method, most commonly PCR, but other amplification methods or primer
extension methods may be used, including e.g. LCR, NASBA, MDA etc. A primer or set of
primers may hybridise to the identificatory nucleotide sequence, or it (they) may hybridise
in such a manner (e.g. flanking it) that an identificatory sequence may be amplified. The
term “amplified” is used broadly in this context (see also above) to mean any method of
providing a copy (including a complementary copy) of the identificatory or marker
sequence and includes simple primer extension reactions, and linear as well as
exponential amplification. For PCR, a primer pair will be used for each microbial

identificatory sequence.
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Put more simply, the hybridisation probes or primers for use in the invention may
be specific for (i) a nucleotide sequence which is identificatory of a microorganism or (ii) a
nucleotide sequence representing a genetic antimicrobial resistance marker.

Thus, alternatively defined, in the method of the invention as set above, step (e) of
the second aspect of the invention, or the nucleic acid test performed according to the first
aspect of the invention may be expressed as follows:

performing nucleic acid tests on said DNA to identify the microorganism and to
detect the presence or absence of one or more genetic antimicrobial resistance markers
in said microorganism, wherein said nucleic acid tests are performed using:

i) one or more nucleic acid probes and/or primers for microbial identification, each
said probe and/or primer being specific for a nucleotide sequence which is identificatory of
a given microorganism; and

ii) one or more nucleic acid probes and/or primers for antimicrobial resistance
marker detection, each said probe and/or primer being specific for a nucleotide sequence
representing a genetic antimicrobial resistance marker;

and it is detected whether or not said probes or primers have hybridised to said
DNA and/or said primers have been extended (e.g. an ampilification reaction has taken
place).

As noted above, the detection step may comprise or involve amplifying a probe
after it has hybridised to its target nucleotide sequence. As described in more detail
below, amplification may be designed to be dependent on hybridisation. Thus, only a
probe which has hybridised may be ampilified.

In this way a set or panel of hybridisation probes or primers can be assembled
and/or constructed which are capable of hybridising to, or amplifying, the nucleic acids of
selected microorganisms and thereby detecting whether or not that microorganism is
present in the test aliquot (and thereby sample). By detecting which microorganism is
present (i.e. which identification probe hybridises or which primer/primer set is extended
or primes an ampilification reaction), it may be identified which microorganism is present in
the sample. By way of example the hybridisation probes or primers for microbial
identification may comprise probes or primers each capable of specifically identifying one
of a selected set of microorganisms, e.g. the major or most common known sepsis
pathogens. For example the lists of specific bacterial and fungal species provided above
represent approximately 95% of the most common sepsis pathogens and may constitute a
representative microorganism panel according to the invention.

Accordingly, in step (i) above (e.g. step (e)(i)) a multiplicity of identification probes

and/or primers (or primer sets) will advantageously be used. A multiplicity is broadly
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defined herein as two or more, or more particularly, 3, 4, 5, 6,7, 8, 9, 10, 15, 20, 30, 40,
50, 60, 70, 80, 100, 200, 300, 400 or 500 or more. As well as multiple different
microorganisms for identification, different probes or primers/primer sets may be used for
a given microorganism to be detected, e.g. 2, 3, 4 or 5 probes or primers, or more per
target microorganism. Since a panel of microorganisms may include at least 10, 15, 20,
25, 30, 40, 50 or more (e.g. up to 60, 70, 80, 90 or 100 microorganisms, typically a panel
or set of at least 30 or more, e.g. 50, 70, 80, 100, 200, 300, 400 or 500 or more
identification probes or primers (or primer sets) will be used. According to procedures
known in the art, probe or primer-based nucleic acid test may use thousands, or many
tens or thousands, of probes or primers in multiplex and such procedures are
encompassed by the present invention.

Secondly, in step (ii) above (e.g. step (e)(ii)) of the methods described herein, the
target sequence for the hybridisation probes or primers is a nucleotide sequence which is
an antimicrobial resistance marker. A number of such markers have been identified and
reported in the art and hybridisation probes/primers to detect them have been devised.
Any of these could be used or alternatively further probes or primers may be designed
based on such identified marker sequences. Further, additional marker sequences may
be identified by routine screening methods. An antimicrobial resistance marker may be a
nucleotide sequence which codes for a component of a resistance mechanism e.g. an
enzyme or a modified protein, or it may simply be a nucleotide sequence or sequence
variant which has been identified to associate with resistance to an antimicrobial agent.

By way of example, B-lactamases represent an important mechanism of resistance
against antibiotics for bacteria and are responsible for resistance to certain antibiotic
classes. The emergence of bacteria capable of forming extended spectrum B-lactamases
(ESBL-forming bacteria). ESBL represents a recent example of a rapidly developing
resistance problem. Probes have been reported capable of identifying highly diverse -
lactamases (Barisic et al, 2013, Diagnostic Microbiology & Infectious Disease, 77(2), 118-
125). Other known genetic resistance markers include mecA, mecC, vanA, vanB, CTX-M,
KPC, VIM, NDM, and OXA-48. Ciprofloxacin resistance mutations have been identified
e.g. in antibiotic-resistant F. tularensis, B. anthracis, and Y. pestis, and are available.

Hybridisation probes may take various forms, and at their simplest comprise a
nucleotide sequence capable of hybridising to the target sequence and a further sequence
or moiety by which they may be detected, directly or indirectly. Thus such a probe may be
provided with a directly or indirectly detectable label, e.g. a spectrophotometrically (e.g.
fluorescently) detectable label, or a reporter molecule or moiety which may take partin a

signal-giving or signal generating reaction e.g. an enzyme, or enzyme substrate or co-
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factor, or which may be an affinity tag by which the probe may be selectively labelled or
selectively isolated or separated after the hybridisation reaction. Different forms of
labelling and labelled nucleic acid probes are widely known and reported e.g. molecular
beacons and other FRET based probes. However, rather than directly detecting the
presence of a hybridised probe by means of a label or reporter moiety provided in or on
the probe, the probe may be detected indirectly, for example by detecting an amplification
product to the probe. Different hybridisation probe formats are known and any of these
may be used, for example, molecular inversion probes, scorpion probes and padlock
probes.

Molecular inversion probes and padlock probes for example are designed to be
circularised by ligation following hybridisation to their target sequence, and the resulting
circularised probe may be detected by amplification, e.g. by RCA.

Padlock probes represent a preferred type of hybridisation probe according to the
present invention. Padlock probes were initially described in 1994 (Nilsson et al, 1994,
Science, 265, 2085-2088) and have since been developed and widely used in the
detection of various nucleotide sequences, and indeed more widely as reporters in the
assay of wide range of molecules (see e.g. EP0745140, EP0S64704, EP0951565 and
Hardenbol et al. 2003. Nat. Biotechnol. 21, 673-678) Padlock probes comprise sequences
at their 5" and 3’ ends that can hybridise to a target nucleotide sequence. In one
embodiment, the 5" and 3’ ends of the padlock probes can hybridise to said nucleotide
sequence so that they are directly adjacent to each other. In another embodiment the 5’
and 3’ ends of the padlock probes can hybridise to said nucleotide sequence so that they
are not directly adjacent to each other and the intervening gap may be filled in, either by
polymerase extension of the hybridised 3’ end, or by a gap-filling oligonucleotide. The
ends are then ligated together to form a nucleic acid circle which can subsequently be
detected, conveniently by rolling circle amplification (RCA)-based methods. The dual
recognition (two target hybridising regions) as well as the requirement for ligation means
that padlock probes are highly specific and well suited to detecting unique sequences in a
complex genomic background. The uni-molecular circularisation approach and the RCA-
based detection of the circularised probes both lend themselves well to multiplexed
detection, and a large number of probes may be used in combination and amplified
together without problems of interference.

However, although RCA is a preferred method for detecting a circularised padiock
probe, the invention is not limited to this and other amplification methods, including e.g.
PCR, or other detection methods e.g. based on selectively detecting circular as opposed

to linear nucleic acids, may be used.
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Strand-displacing polymerase enzymes suitable for RCA are known, e.g. ©-29
polymerase.

Amplification of a circularised padlock probe by RCA leads to the formation of a
concatemeric RCA product comprising several hundreds of repeats of the complement of
the padlock probe sequence. In one embodiment of the present invention an RCA product
may be detected by hybridisation of fluorescently-labelled detection oligonucleotides.

Since the RCA reaction is linear, and thus has slow amplification power, a number
of methods have been developed which may enhance amplification and increase the
signal from an RCA reaction, including for example hyperbranched RCA methods as
described by Lizardi (US 6,183,960 and US 6,143,495). Any of these may be used. The
RCA product can also be amplified further by PCR, or indeed any other method of nucleic
acid amplification or any signal amplification method may be used.

A particularly useful method for enhancing RCA amplification is Circle-to-Circle
Amplification (C2CA). This is described in Dahl et al, 2004, PNAS USA, 101, 4548-4553
and WO 03/012199. C2CA involves cleaving the concatemeric rolling circle amplification
product (RCP) from a first RCA reaction into monomers (e.g. each corresponding to a
tandem repeat of the concatemer, i.e. a complementary copy of the circularised padlock
probe) and then recircularsing the monomers, each into a further circle which may be
used as the template in a further RCA reaction (i.e. a further round of RCA). This may be
repeated one or more times. The repeat RCAs lead to amplification of the signal.

Cleavage of the RCP may be achieved by hybridising an oligonucleotide o a
sequence (restriction site sequence) present in each repeat (monomer) of the RCA
product to create a double-stranded restriction cleavage or recognition site and cleaving
with a restriction enzyme to cleave the product into monomers. The same oligonucleotide,
e.g. added in excess, may be used as the ligation template for circularisation of the
monomers released by the cleavage. A denaturation step may be included after cleavage
to release single stranded monomers, which are available for hybridisation to excess
uncleaved or added oligonucleotide.

A modification of the C2CA reaction is described in our co-pending application UK
patent application No. 1321123.0 filed on 29 November 2013, herein incorporated by
reference. In this modified C2CA procedure the efficiency of the second or any
subsequent round of RCA is improved by reducing the size of the circularised monomers,
such that the circular template for the second round of RCA is reduced in size as
compared to the first RCA template (here the circularised padlock probe), and thereby the
speed of the second (and subsequent) RCA reactions may be increased. Various means

of cleaving the RCP such that the released monomers are reduced in size or for otherwise
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effecting a size reduction step on the monomers are described in the co-pending
application.

Other ways of amplifying the signal from an RCA reaction by performing a second
RCA reaction have also been reported and any of these may be used. One such method
is the so-called superRCA (sRCA) method of Olink AB described in WO 2014/076209. In
this procedure a second RCA reaction is performed, which is dependent upon a first RCA
reaction, but which does not amplify the first RCA product. The second RCA product
remains physically attached to the first RCA product, in order that the signal from the
second RCA product is localised to the first RCA product. By utilising an RCA primer
which is hybridised (directly or indirectly) to the first RCA product to amplify a second RCA
template circle, a second RCA product may be generated by extension of the RCA primer,
which, by virtue of hybridisation of the primer, is hybridised, and hence attached to the first
RCA product. Since the first RCA product is a concatemer comprising tandem repeat
complementary copies of the template circle for the first RCA reaction, the RCA primer for
the second RCA will bind to repeated copies of its cognate primer-binding sequence,
repeated throughout the first RCA product. In other words, the first RCA product will
comprise repeated binding sites for the RCA primer for the second RCA, one in each of
the tandem repeats ("monomers" of the concatemer). Each such primer can prime a
second RCA reaction, leading to increased, more than linear, amplification.

The RCP of an RCA or C2CA reaction may be detected directly, as indicated
above, e.g. by means of labelled detection oligonucleotides which can hybridise to
sequences in the tandem repeats in the RCP or by incorporating labelled nucleotides into
the RCP, or monomers released from an RCP may be detected.

An RCP, being a very long nucleic acid concatemer (typically comprising 500-1000
copies of the template circle sequence), collapses into a random-coiled amorphous “blob”
or ball of DNA, which can readily be detected, and indeed visualised. Thus such blobs
may be imaged or detected microscopically or by any other convenient means, to detect
(indirectly) hybridisation of the padlock probes to their targets (and their subsequent
ligation and detection by RCA/C2CA). Other means of detecting the RCP also exist, for
example by flow cytometry, or by capturing the RCP on a solid support and detecting it by
means of labelled detection oligonucleotides or other labelling means, e.g. incorporated
labelled oligonucleotides or nucleic acid stains or dyes etc.

Detection of an RCP blob does provides a convenient means of amplified single
molecule detection (ASMD), The use of such a method based on C2CA and counting of
RCP blobs to detect bacteria and spores is described by Gdransson et al., 2012 PLOS

one, 7(2), e31068 and such a method may be used according to the present invention.
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The concentration, or enrichment, of the label in the RCP blob means that there is a high
concentration of label in the blob as compared to the surrounding solution. This eliminates
the need for washes and enables homogenous methods to be used — reaction products
can readily be detected in a flow cell, for example as described by Jarvius et al., 2006,
Nature Methods, 3, 725-727.

Alternatively, rather than detecting the RCP concatemer as such, the RCP can be
cleaved into monomers and the monomers may be detected. Again this may be by means
of label incorporated directly into the monomers, or by hybridising detection
oligonucleotides to the monomers, e.g. as described above, or according to principles well
known in the art. For example monomers may be bound onto a microarray and the array-
bound (hybridised) monomers may be detected by hybridisation of labelled detection
oligonucleotides. Thus an array may be provided which carries (e.g. by depositing on)
oligonucleotides that are capable of binding to (hybridise) to the RCP monomers. The
array oligonuclectides can be designed to be complementary to the RCP monomers and
may be covalently coupled to the array substrate via amine, thiol or epoxide groups or by
any known coupling chemistry, or they may be synthesised in situ on the array using
known techniques e.g. photolithography. Such an array can then be scanned or imaged
and analysed, again according to methods well known in the art. Thus, it can be detected
whether or not a particular padlock probe was hybridised to its target and therefore ligated
and amplified, by detecting whether or not a particular RCP monomer has been hybridised
to the array.

Thus, in certain embodiments of the present invention, solid phase-based methods
may be used. A solid support may be employed in carrying out various stages or steps of
the method. For example, as well as or alternatively to the possible array detection of
RCP monomers discussed above, a solid phase may be used in earlier steps of the
method. In one such embodiment the target DNA from or in the DNA separated from the
test aliquot for use in molecular testing may be immobilised on a solid support. Thus DNA
fragments or DNA molecules which may comprise the nucleotide sequences which are
the targets for the molecular tests to be carried out (e.g. in step (e) according to the
second aspect of the invention), may be selectively captured from the separated DNA
(e.g. of step (d) according to the second aspect of the invention) using capture probes,
e.g. prior to or at the same time as the molecular testing. Capture probes may be used
which hybridise to the target DNA (at sites distinct from the hybridisation sites for the
nucleic acid identification and resistance detection probes or primers). The capture probes
may be added to the separated or enriched DNA, e.g. prior to or at the same time as the

identification and resistance detection probes or primers. The capture probes may be
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immobilised or provided with means for immobilisation such that they may be immobilised
after binding to the target DNA. Such means for immobilisation may include for example
an affinity molecule capable of binding to its cognate binding partner, provided on a solid
support. By way of representative example the capture probe may be biotinylated, for
binding to streptavidin or avidin (or a variant thereof) which is coupled to the solid support.
Any convenient solid support may be used, as known in the art. For example a solid
support can include a microarray, blotling membrane, gel, microscope slide, well, tube or
other container or vessel, or a bead or particle, e.g. a glass, polymer, plastic or magnetic
bead or particle. A target DNA molecule may alternatively be immobilised on a solid
support directly. Thus in a preferred embodiment of the present invention a target DNA
molecule may be immobilised on a solid support conjugated to streptavidin via a
biotinylated capture oligonucleotide. In an alternative embodiment of the present
invention, a target DNA molecule may be biotinylated and immobilised on a solid support
conjugated to streptavidin.

While molecular tests (e.g. the molecular tests of step (e) in the second aspect of
the invention) are being performed the first culture vessel containing the clinical sample
(or second culture vessel containing the portion thereof) is kept in culture. As indicated
above, culturing simply involves incubating the culture vessel under conditions suitable
for, or conducive to, microbial growth. Thus this step may be performed as indicated for
pre-culture above. This step means that if positive microbial identification is not obtained
from the molecular tests (e.g. from step (e), the sample is available for traditional culture
based identification protocols based on conventional phenotypic and/or biochemical tests,
or indeed for further ID testing by any other means — these tests are not delayed because
the culture is on-going, and a further clinical sample does not need to be taken, or further
culture started. Indeed at this time, if no microorganism is identified in the molecular tests,
e.g. in step (e), then the culture may be continued as is, or the culture vessel may be
transferred to another culture system (e.g. an automated culture system or cabinet
designed for microbial identification and optionally also antimicrobial susceptibility testing.
After an appropriate period of culture such further ID tests and also susceptibility tests
may be performed, the latter for example by conventional AST testing means, e.g. by
turbidimetrically-assessed broth dilution cultures or disc-diffusion tests to determine MICs.

In the second aspect of the invention, if a microorganism is identified in the test
aliquot, an antimicrobial susceptibility test is performed on the cultured clinical sample that
has been kept in culture in step (¢). Conveniently, this may involve withdrawing or

removing a further (e.g. second or subsequent, depending on how many aliquots have
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been removed for molecular testing) aliquot from the culture vessel (first or second culture
vessel), and performing AST testing on this.

However, in the first aspect of the invention, an antimicrobial susceptibility test
may be performed without first performing a molecular test and identifying a
microorganism, and such a test may be performed on the cultured clinical sample
obtained from step (b)(i) or step (¢). A test aliquot may therefore be removed from the
culture vessel at this stage and without first performing any other tests, and an AST test
performed.

The methods of the invention may also comprise a further step at this stage of
enriching the aliquot or cultured clinical sample for microorganisms. Procedures suitable
for this are discussed above, and may include removing or separating non-microbial cells
(i.e. test subject cells) from the aliquot/cultured sample. In one embodiment, microbial
cells can be separated e.g. by filtration.

Recognised and prescribed conditions for AST testing exist, and may be followed
in order that readily comparable results may be obtained which are comparable to, or may
be compared with, tests performed in other laboratories. This may involve for example the
use of a prescribed medium and culture conditions. Thus, the further removed aliquot {or
aliquot fraction/remainder etc.) for AST testing, or separated or enriched microorganisms
therefrom, may be transferred into a suitable medium for microbial culture, for example
Mueller-Hinton medium (MH-media), prior to the commencement of the antimicrobial
susceptibility test. Microorganisms may be grown in the presence of a variety of
antimicrobial agents to determine their susceptibility to a given antimicrobial agent.
According to the present invention the antimicrobial agents are selected based on the
identity of the microorganism, and on the nature of any genetic antimicrobial resistance
markers identified within the microorganism. The antimicrobial agents, and the amounts to
be used, may also be selected according to current clinical practice, e.g. according to
which antimicrobial agents are currently used in practice to treat the identified
microorganism, in order that the susceptibility of the microorganism to the currently
accepted or recognised antimicrobial treatment of choice can be assessed. Thus
antimicrobial agents can be selected based on those known to be effective against the
identified microorganism, or those currently used in practice to treat the microorganism,
and excluding any agents to which resistance might be expected based on the presence
of resistance markers, or such agents might be included and the amounts used might be
selected to allow the determination of an amount or concentration of the antimicrobial
agent that may be effective, despite the presence of the resistance marker. Antimicrobial

agents are added to growth medium to a range of final concentrations or amounts. In a



10

15

20

25

30

35

WO 2017/182645 PCT/EP2017/059542
-41 -

preferred embodiment of the present invention a serial dilution of the antimicrobial agent
may be performed.

The step of growing, or culturing, the sample/microorganisms therefrom in the AST
test may take place by any known or convenient means. Solid or liquid phase cultures
may be used.

Thus for example, in one preferred embodiment, the sample/microorganisms may
be cultured on or in a plate or other solid medium containing the antimicrobial agent and
microbial growth may be determined by visualising (e.g. imaging) the microorganisms (i.e.
imaging the plate etc.) Thus, the culture is visualised or imaged directly as a means of
monitoring or assessing growth. Accordingly in one preferred embodiment the cultures are
analysed directly to monitor/assess growth. For example, the cultures may be grown in
the wells of a plate and the wells may be imaged.

Alternatively, samples (or aliquots) may be removed (or taken) from the cultures,
at intervals, or at different time points and the removed samples (aliquots) may be
analysed for microbial growth. This may be done by any means, including for example by
means of molecular tests, e.g. nucleic acid based tests, Thus detection probes and/or
primers may be used which bind to the microbial cells or to components released or
separated from microbial cells. This may include for example nucleic acid probes or
primers as described above for the identification test of step (e). In other embodiments,
microbial cells may be detected directly, e.g. by staining, as described in more detail
below.

Each antimicrobial agent is preferably used at least one concentration, in addition
to a positive control in which the microorganism is allowed to grow in the absence of any
antimicrobial agent. For example, 2, 3, 4, 5, 6, 7, or 8 or more concentrations of an
antimicrobial agent are used. The concentrations used in a dilution series may differ two-
fold between respective concentrations.

The term antimicrobial includes any agent that kills microorganisms or inhibits their
growth. Antimicrobial agents of the present invention may particularly include antibiotics
and antifungals. Antimicrobial agents may be microbicidal or microbiostatic. Various
different classes of antibiotic are known, including antibiotics active against fungi, or
particularly groups of fungi and any or all of these may be used. Antibiotics may include
beta lactam antibiotics, cephalosporins, polymyxins, rifamycins, lipiarmycins, quinolones,
sulphonamides, macrolides, lincosamides, tetracyclines, aminoglycosides, cyclic
lipopeptides, glycylcyclines, oxazolidinones, lipiarmycins or carbapenams. Preferred
antifungals of the present invention may include polyenes, imidazoles, triazoles and

thiazoles, allylamines or echinocandins.
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Accordingly, antimicrobial susceptibility may be determined by culturing the
removed aliquot (or aliquot fraction etc.) or cultured clinical sample from step (¢) in the
second aspect of the invention, or the pre-cultured clinical sample from step (b)(i) or the
cultured clinical sample from step (c) in the first aspect of the invention, or microorganisms
separated or enriched therefrom, and analysing the AST cultures over a range of time
points. As for the culture step above, culture for AST may take place at any temperature
that promotes microbial growth, e.g. between about 20°C and 40°C, or 20 to 37°C,
preferably between about 25°C and 37°C, more preferably between about 30°C and 37°C
or 30 to 35°C. In one embodiment the AST cultures may be cultured at about 35°C. The
AST cultures may be analysed at multiple time points to monitor microbial growth. For
example, cultures may be analysed at time points 0,1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12,13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23 or 24 hours after the initiation of culture. A culture
may be analysed immediately after the initiation of culture, where t=0. Cultures may also
be analysed at time periods beyond 24 hours after the initiation of culture. Typically
cultures might be analysed at 0, 1, 2, 3, 4, 6 and 24 hours after the initiation of culture.
However, results obtained and reported in the Examples below show that short incubation
times can be sufficient for detecting differential microbial growth e.g. 4 hours. Accordingly,
shorter total incubation time of up to 8, 7, 6, 5, 4, 3 or 2 hours may also be used, e.g.
analysing every hour or every 2 hours or 90 minutes. As noted above, cultures are
generally analysed at two or more time points, e.g. at two or more time points up to 4, 5 or
6 hours of culture.

Microbial growth is monitored during the antimicrobial susceptibility test. Many
methods for monitoring microbial growth are known and are used in AST tests, for
example including turbimetric measurement, colorimetric determination, light detection,
light scattering, pH measurement, spectroscopic measurements and fluorimetric
detection. Any of these may be used. However, according to a preferred embodiment of
the present invention growth may be detected and assessed by determining or assessing
the number and/or amount and/or size and/or area of microbial cells in the sample by
imaging methods, As noted above, the microbial cells can include cells in colonies and/or
aggregates. This may be achieved by assessing or determining the number or amount of
microorganisms present in the sample before and/or after growth in presence of
antimicrobial agents by any of the methods known to measure or detect microorganisms.
Such a determination may involve determining the number and/or size of microbial cells,
aggregates and/or colonies. Again, techniques for this are known and available. Thus,
growth may be measured by monitoring the number and/or amount and/or size of

microorganisms and/or microbial cells and/or colonies and/or aggregates in a sample over
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time. This may be measured directly or indirectly. The number or amount of
microorganisms in a sample may be measured directly by haemocytometry, flow
cytometry, or automated microscopy. Microorganisms may be fixed and/or permeabilised
prior to detection. Alternatively, microorganisms may be detected under in vivo conditions.
Methods for AST testing by bacterial cell count monitoring using flow cytometry are
described in Broeren et al.,2013, Clin. Microbiol. Infect. 19. 286-291. Methods for
performing AST tests in which bacteria are grown and enumerated by automated
microscopy in multi-channel fluidic cassettes are described by Price et al. 2014, J.
Microbiol. Met. 98, 50-58 and by Metzger et al., 2014. J. Microbiol. Met. 79, 160-165, and
by Accelerate Diagnostics (see for example WO 2014/040088 A1, US 2014/0278136 A1
and US 8,460,887 B2). In these methods, bacteria are immobilised and grown on a
surface, and individual bacteria and/or colonies are assessed for viability and/or growth
(including measuring colony growth) by imaging the surface at two or more time points.
Such methods may be used according to examples of the present invention. Other
methods known are as described by Fredborg et al, J Clin Microbiol. 2013 Jul;51(7):2047-
53, and by Unisensor (US 8780181) where bacteria are imaged in solution using bright-
field microscopy by taking a series of stacked images (object planes) of the solution, and
counting the bacteria present in the sample.

Whilst any of the methods based on using imaging to monitor microbial growth
may be used, the methods of the invention preferably do not rely on counting individual
cells or on monitoring the growth of individual cells or colonies (e.g. on monitoring an
increase in size of an individual cell or colony e.g. according to the methods of Accelerate
Diagnostics Inc.) Thus, the present invention is not limited to (and in preferred
embodiments does not involve) using a fixed position for imaging an AST culture or AST
culture sample. Rather, it is preferred according to the present invention to monitor the
bulk growth of cells in the AST culture or culture sample, e.g. by imaging bulk cells in the
field of view. The amount (e.g. area) of microbial cell matter (biomass) in the field of view
may be determined by imaging. The cells/microbial biomass may be detected directly (e.g.
by the microscope or camera elc.) e.g. using bright field microscopy or the microbial cells
may be stained for detection, e.g. by adding stain to the AST culture or culture sample
after the predetermined or required time period of growth.

In a further particular embodiment, the AST cultures or culture samples may be
imaged or visualised directly without immobilising the microbial cells, e.g. without applying
a force, such as electrophoresis, to localise the cells to a detection location or surface for

imaging.



10

15

20

25

30

35

WO 2017/182645 PCT/EP2017/059542
- 44 -

In such imaging methods, algorithms may be applied to determine a value for the
amount of microbial growth from the images according to methods and principles well
known in the art. Thus, statistical methods may be applied to the images of microbial cells,
based on the number, size, and/or area of microbial cell matter/biomass in the images
(e.g. the amount of all the microbial cell matter in the image/field of view, for example
total cell matter imaged). Algorithms may be written to take account of different growth
patterns and/or morphologies, based on the identity of the microorganism and the
antimicrobial agent present in the culture.

Such counting or imaging methods allow a digital phenotypic analysis of the
microorganism in the AST test. Data has been obtained which shows that such digital
phenotypic determinations deliver a MIC value similar to that of reference techniques (e.g.
microbroth dilution).

A particular advantage of using such methods is that antimicrobial susceptibility
testing may be performed on samples comprising a wide range of concentrations or
amounts of microorganisms, and it is not necessary to use a standardised microbial titer
prior to performing the antimicrobial susceptibility testing. A useful feature of the present
invention is the ability to use different concentrations of microorganisms. A sample
comprising at least 10° CFU/ml may be used in the methods of the samples, for example
samples comprising at least 10, 10°, 10°, 107 10° or 10° CFU/ml may be used.
Alternatively a sample comprising less than 10° CFU/ml may be used, for example at least
102 CFU/ml. A sample comprising less than 10? CFU/ml may also be used in the methods
of the present invention

In one embodiment of the present invention, microorganisms may be detected by
adding a marker that stains microorganisms (i.e. a stain or dye) prior to determining the
number or amount of microorganisms in a sample or by methods which utilize an intrinsic
property of the microorganism such as e.g. phase contrast or any other method known in
the art for quantifying the number of bacteria in the sample. Suitable stains might include
coloured or fluorescent dyes, for example Gram staining or other staining for
peptidoglycan or DNA staining, as a means of visualising the microorganism. In one
particular embodiment of the present invention, DNA within a microorganism may be
stained using Vybrant® DyeCycleTM. Other DNA stains are well known and available.
Indeed the number of stains available in the art for staining bacteria is vast and large
numbers of such stains have been documented, including in standard reference texts, and
are commercially available, e.g. from Life Technologies. Direct labelling of
microorganisms by staining is easy to perform, convenient and cost-effective, and

therefore represents a preferred embodiment.
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Thus for example, the microorganisms may be grown for the AST test in wells of a
microtiter plate, and the end of the growth periods the dye or stain may be added and the
plate wells may be imaged and the number or amount of microorganisms may be
assessed, by determining the number and/or size of microbial cells, aggregates or
colonies e.g. by counting or imaging. Alternatively, microorganisms may be enumerated
using a flow cytometer or similar type of instrument, for example the Aquila 400 instrument
from Q-linea AB (Sweden), e.g. as described in US patent application No. 61/979319.

In an alternative embodiment a microorganism may be specifically labelled via a
biological feature within or on the microorganism. A “biological feature” may for example
be a molecule in or on the microorganism e.g. a protein or other biomolecule expressed or
located on the cell surface. For example a label, e.g. a coloured or fluorescent label, may
be coupled to a protein or other affinity binding molecule that binds specifically to a
particular biological feature. In one embodiment the protein may be a lectin, affibody or
antibody, or antibody fragment. The microorganisms labelled in this way may be detected
e.g. enumerated as previously described.

In a further embodiment proximity probes may be used to detect a specific
biological feature within or on a microorganism.

In a further alternative embodiment of the present invention the microorganisms
may be detected and enumerated using the padiock probe and RCA-based amplified
single molecule detection (ASMD) method discussed above (for use in the molecular
tests). Such methods enable single microbial cells to be detected and counted. Thus, the
microorganism may be detected by binding of the padlock probe and the number of
microorganisms in a sample may be measured indirectly by an amplified signal generated
via RCA of the circularised padlock probe. Each RCA product (blob) may be indicative of
a single microorganism. Microorganisms may be lysed and padlock probes may be used
which are designed to hybridise to one or more nucleotide sequences of the
microorganisms. This may include a step of separating DNA as discussed above, and
preferably of selectively separating, or enriching for, microbial DNA, again as discussed
above. Since in the AST test the cultures are usually less complex than in the step of
initial clinical sample culture, a simplified protocol for separating or enriching microbial
DNA may be used, involving for example filtration to separate microorganisms and
microbial cell lysis or simply direct microbial cell lysis.

Alternatively, affinity binding molecules may be used which bind to one or more
molecules present on a microorganism or within a lysed microorganism, such an affinity
probe being provided with an nucleic acid label or tag to which a padiock probe may

hybridise i.e. akin to an immunoRCA detection procedure. Similarly proximity probes may
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be used to bind to a target in or on a microorganism and the nucleic acid domains of the
proximity probes may be used to template the ligation of a padlock probe and optionally
also prime its amplification by RCA. Procedures for this are widely known and described
in the literature. As above C2ZCA may be used for signal amplification. The number of
microorganisms in a sample can therefore be estimated by counting the number of blobs,
which may be labelled e.g. fluorescently-labelled as described above ‘blobs’ within a
sample. This thus provides another convenient means of obtaining a digital phenotypic
susceptibility readout.

It is generally speaking advantageous in performing an AST test for the microbial
culture under test to be pure, i.e. for there to be a single microorganism.

Thus, in a preferred embodiment according to the second aspect of the present
invention, in step (f), the AST test is performed if a single microorganism is identified in
the nucleic acid tests of step (g). That is, the AST test of step (f) is performed if the clinical
sample is determined to contain only a single microorganism. This ensures that only a
pure culture may be used in the AST test. Thus in certain embodiments if two or more
microorganisms are identified, the AST step of step (f) is not performed and the clinical
sample is further cultured to enable further microbial identification and antimicrobial
susceptibility tests to be performed to identify the microorganism and determine its
antimicrobial resistance profile. However, this is not an essential feature, and it is possible
to use microbial detection methods based on visualisation or imaging to perform AST
tests, for example methods as provided by Accelerate Diagnostics which use imaging of
bacteria on a surface and not in solution, or indeed methods in which labelled
microorganisms are detected in fluidic systems e.g. the automated microscopy fluidic
cassette-based systems of Price et al. 2014, J. Microbiol. Met. 98, 50-58 and by Metzger
et al., 2014. J. Microbiol. Met. 79, 160-165, discussed above. Any cell-by-cell detection
and identification methods may be used for AST testing of samples which contain more
than one microorganism.

Conveniently the methods of the present invention may be automated. Thus, any
one of more of steps (b)(ii) to (f) in the method according to the second aspect of the
invention may be automated, preferably any or all of steps (b)(ii) to (f). Analogously, any
one or more of the steps following step (b)(i) in the method according to the first aspect of
the invention (i.e. steps (b)(ii), (b)(iii), (c) and tests for the purpose of identifying a
microorganism and/or determining the antimicrobial susceptibility of a microorganism in
the clinical sample may be automated, preferably all such steps. Various specific or
preferred steps discussed above lend themselves well to automation, for example the

preferred padlock probe based ASMD methods for molecular testing and/or AST testing
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and the microbial/colony counting methods. Automatic culturing methods have already
been developed, including for blood culture methods for microbial identification and/or
AST testing and can be used or adapted for use according to the present invention.
Automation would provide the advantage of speed and ease of operation, as well as
multiplexing ability, which are of importance in clinical laboratory setting and especially
important in the diagnosis of sepsis.

As mentioned above and explained further below, a dedicated instrument or
device may be provided to perform any one or all of the steps of the methods described
above, which device may be designed to receive the first culiure vessel containing the
clinical sample for testing of the clinical sample. Such a device may perform one or all of
steps (b)(ii) to (f) of the method of the second aspect of the invention, which device may
be designed to receive the first culture vessel containing the clinical sample culture for
culturing and AST and ID testing. Alternatively, the device may perform any one or all of
the steps of the method according to the first aspect of the invention, i.e. any one of steps
(b)(ii) to (c) and/or to performing one or more tests on the medical sample for the purpose
of identifying and/or determining the antimicrobial susceptibility of a microorganism in the
clinical sample. Thus, preferably the clinical sample processing system is a
microorganism detecting device. The present invention thus provides a clinical sample
testing system comprising a portable apparatus as described herein, and a microorganism
detection device.

Such a microorganism detection device may comprise a test aliquot extraction
device for removing a portion of the contents of the first culture vessel for use as a test
aliquot; a culturing device for culturing the medical sample in the first culture vessel after
extraction of the test aliquot, and optionally before extraction of the test aliquot; and a
DNA testing device for separating DNA from the test aliquot, and performing nucleic acid
tests on the DNA to identify the microorganism and to detect the presence or absence of
one or more genetic antimicrobial resistance markers in the microorganism.

In one embodiment, the clinical sample processing system for further testing of the
clinical sample therefore comprises:

a microorganism detection device configured to receive said first culture vessel
and being arranged for culturing the clinical sample, said device comprising:

optionally a second culture vessel containing a culture medium;

optionally a portion removal device for removing a portion of the contents of the

first culture vessel and transferring the portion to the second culture vessel;
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wherein the second culture vessel is arranged to receive a clinical sample culture
as the portion of the contents of the first culture vessel, and is arranged to culture the
portion;

the device further comprising:

a test aliquot extraction device for removing a portion of the contents of the first
and/or second culture vessel for use as a test aliquot; and

a DNA testing device for separating DNA from said test aliquot and performing
nucleic acid tests on said DNA to identify the microorganism and to detect the presence or
absence of one or more genetic antimicrobial resistance markers in said microorganism;

and/or an antimicrobial susceptibility test device for performing an antimicrobial
susceptibility test on said cultured clinical sample and/or cultured portion by monitoring
microbial growth by assessing growth or markers for growth; wherein the device is for
culturing the clinical sample and/or portion after extraction of the test aliquot, and
optionally before extraction of the test aliquot.

Thus, in one embodiment, the microorganism detection device comprises the DNA
testing device as described above. In an alternative embodiment, the microorganism
detection device comprises the antimicrobial susceptibility device for performing an
antimicrobial susceptibility test. In another embodiment, the device comprises both the
DNA testing device and the antimicrobial susceptibility device for performing an
antimicrobial susceptibility test as described above.

In a representative embodiment, the DNA testing device is arranged to perform the
nucleic acid tests using:

i. one or more nucleic acid probes or primers for microbial identification, a
said probe or primer being capable of hybridising specifically to, or a said primer being
capable of selectively amplifying, a nucleotide sequence which is identificatory of a given
microorganism; and

ii. one or more nucleic acid probes or primers for antimicrobial resistance
marker detection, a said probe or primer being capable of hybridising to, or a said primer
being capable of selectively amplifying, a nucleotide sequence representing a genetic
antimicrobial resistance marker;

and it is detected whether or not said probes or primers have hybridised to said
DNA and/or whether or not said primers have taken part in an amplification reaction.

In certain embodiments, the microorganism detection device is arranged such that:
if the given microorganism is identified by the DNA testing device, then the cultured
clinical sample produced by the culture vessel by culturing after extraction of the test

aliquot is passed to an antimicrobial susceptibility test device for performing antimicrobial
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susceptibility test on the cultured clinical sample by monitoring microbial growth by
assessing growth or markers for growth, and wherein the type and concentration of
antimicrobial agents used in the antimicrobial susceptibility test is determined by the
identity of the microorganism and antimicrobial resistance markers detected by the DNA
testing device; and if the given microorganism is not identified by the DNA testing device,
then the microorganism detection device further cultures the clinical sample in the culture
vessel to enable further microbial identification and antimicrobial susceptibility tests to be
performed after additional culturing in order to identify the microorganism and determine
its antimicrobial resistance profile.

In a preferred embodiment, the present invention provides a clinical sample testing
system comprising:

a portable apparatus for transport and incubation of a clinical sample in a first
culture vessel, the apparatus comprising: a sealable container having a thermally
insulated compartment for receiving the first culture vessel and a heater for heating the
clinical sample to a temperature suitable for pre-culturing of the sample; and

a microorganism detection device configured to receive said first culture vessel
and being arranged for culturing the clinical sample, said device comprising:

optionally a second culture vessel containing a culture medium;

optionally a portion removal device for removing a portion of the contents of the
first culture vessel and transferring the portion to the second culture vessel,

wherein the second culture vessel is arranged to receive a clinical sample culture
as the portion of the contents of the first culture vessel, and is arranged to culture the
portion;

the device further comprising:

a test aliquot extraction device for removing a portion of the contents of the first
and/or second culture vessel for use as a test aliquot; and

a DNA testing device for separating DNA from said test aliquot, and performing
nucleic acid tests on said DNA to identify the microorganism and to detect the presence or
absence of one or more genetic antimicrobial resistance markers in said microorganism,
wherein the DNA testing device is arranged to perform the nucleic acid tests using:

i. one or more nucleic acid probes or primers for microbial identification, a
said probe or primer being capable of hybridising specifically to, or a said primer being
capable of selectively amplifying, a nucleotide sequence which is identificatory of a given
microorganism; and

ii. one or more nucleic acid probes or primers for antimicrobial resistance

marker detection, a said probe or primer being capable of hybridising to, or a said primer
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being capable of selectively amplifying, a nucleotide sequence representing a genetic
antimicrobial resistance marker;

and it is detected whether or not said probes or primers have hybridised to said
DNA and/or whether or not said primers have taken part in an amplification reaction;

wherein the microorganism detection device is arranged such that: if the given
microorganism is identified by the DNA testing device, then the cultured clinical sample
and/or cultured portion produced by the first and/or second culture vessel by culturing
after extraction of the test aliquot is passed to an antimicrobial susceptibility test device for
performing antimicrobial susceptibility test on said cultured clinical sample and/or cultured
portion by monitoring microbial growth by assessing growth or markers for growth, and
wherein the type and concentration of antimicrobial agents used in said antimicrobial
susceptibility test is determined by the identity of the microorganism and antimicrobial
resistance markers detected by the DNA testing device; wherein the device is for
culturing the clinical sample and/or portion after extraction of the test aliquot, and
optionally before extraction of the test aliquot.

Viewed from a further aspect, the system comprises a microorganism detection
device configured to receive said first culture vessel and being arranged for culturing the
clinical sample, said device comprising:

a test aliquot extraction device for removing a portion of the contents of the first
culture vessel for use as a test aliquot; and

a DNA testing device for separating DNA from said test aliquot, and performing
nucleic acid tests on said DNA to identify the microorganism and to detect the presence or
absence of one or more genetic antimicrobial resistance markers in said microorganism,
wherein the DNA testing device is arranged to perform the nucleic acid tests using:

i. one or more nucleic acid probes or primers for microbial identification, a
said probe or primer being capable of hybridising specifically to, or a said primer being
capable of selectively amplifying, a nucleotide sequence which is identificatory of a given
microorganism; and

il. one or more nucleic acid probes or primers for antimicrobial resistance
marker detection, a said probe or primer being capable of hybridising to, or a said primer
being capable of selectively amplifying, a nucleotide sequence representing a genetic
antimicrobial resistance marker;

and it is detected whether or not said probes or primers have hybridised to said
DNA and/or whether or not said primers have taken part in an amplification reaction;

wherein the microorganism detection device is arranged such that: if the given

microorganism is identified by the DNA testing device, then the cultured clinical sample
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produced by the first culture vessel by culturing after extraction of the test aliquot is
passed to an antimicrobial susceptibility test device for performing antimicrobial
susceptibility test on said cultured clinical sample by monitoring microbial growth by
assessing growth or markers for growth, and wherein the type and concentration of
antimicrobial agents used in said antimicrobial susceptibility test is determined by the
identity of the microorganism and antimicrobial resistance markers detected by the DNA
testing device;

wherein the device is for culturing the clinical sample after extraction of the test
aliquot, and optionally before extraction of the test aliquot.

Viewed from yet a further aspect, the system comprises a microorganism detection
device configured to receive said first culture vessel and being arranged for culturing the
clinical sample, said device comprising:

a second culture vessel containing a culture medium;

a portion removal device for removing a portion of the contents of the first culture
vessel and transferring the portion to the second culture vessel;

wherein the second culture vessel is arranged to receive a clinical sample/medium
mixture or a clinical sample culture as the portion of the contents of the first culture vessel,
and is arranged to culture the portion;

the device further comprising:

a test aliquot extraction device for removing a portion of the contents of the second
culture vessel for use as a test aliquot; and

a DNA testing device for separating DNA from said test aliquot, and performing
nucleic acid tests on said DNA to identify the microorganism and to detect the presence or
absence of one or more genetic antimicrobial resistance markers in said microorganism,
wherein the DNA testing device is arranged to perform the nucleic acid tests using:

i. one or more nucleic acid probes or primers for microbial identification, a
said probe or primer being capable of hybridising specifically to, or a said primer being
capable of selectively amplifying, a nucleotide sequence which is identificatory of a given
microorganism; and

ii. one or more nucleic acid probes or primers for antimicrobial resistance
marker detection, a said probe or primer being capable of hybridising to, or a said primer
being capable of selectively amplifying, a nucleotide sequence representing a genetic
antimicrobial resistance marker;

and it is detected whether or not said probes or primers have hybridised to said

DNA and/or whether or not said primers have taken part in an amplification reaction;
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wherein the microorganism detection device is arranged such that: if the given
microorganism is identified by the DNA testing device, then the cultured portion produced
by the second culture vessel by culturing after extraction of the test aliquot is passed to an
antimicrobial susceptibility test device for performing antimicrobial susceptibility test on
said cultured portion by monitoring microbial growth by assessing growth or markers for
growth, and wherein the type and concentration of antimicrobial agents used in said
antimicrobial susceptibility test is determined by the identity of the microorganism and
antimicrobial resistance markers detected by the DNA testing device;

wherein the device is for culturing the portion after extraction of the test aliquot,
and optionally before extraction of the test aliquot.

In certain embodiments, the microorganism detection device may be configured to
further culture said clinical sample and/or cultured portion in the first and/or second culture
vessel if the given microorganism is not identified by the DNA testing device, to enable
further microbial identification and antimicrobial susceptibility tests to be performed after
additional culturing in order to identify the microorganism and determine its antimicrobial
resistance profile.

The portable apparatus comprises a sealable container having a thermally
insulated compartment for receiving the first culture vessel and a heater for heating the
clinical sample to a temperature suitable for pre-culturing of the sample.

The heater may preferably be for maintaining the sample at a temperature suitable
for pre-culturing of the sample. Here, maintaining the temperature means holding the
temperature of the sample within a given range (at which pre-culturing can still take place)
for a predetermined length of time, or until the first culture vessel is removed from the
container. Preferably the sample is maintained at a temperature which is within 5 degrees
of the optimal temperature, more preferably within 2 degrees of the optimal temperature.
In order to maintain the sample at a required temperature after heating the heater should
be arranged to provide sufficient heat to replace the heat lost from the thermally insulated
compartment during use of the device to transport the sample.

As briefly discussed above in reference to the methods of the present invention, in
certain embodiments the portable apparatus may comprise an agitator to agitate the first
culture vessel and/or the sample within the vessel during transport. Agitation during
heating ensures even heating of the sample as well as promoting effective culturing of the
sample. The use of agitation has been found to be beneficial to the operation of the pre-
culturing apparatus. In such embodiments, the proposed apparatus can hence provide
improved culturing compared to devices without an integrated agitator device.

Microbiological agents in the sample can be kept in suspension and the agitation also
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allows the sample to be aerated. The agitator may roll, tilt, displace, shake, rotate, or
repeatedly invert the culture vessel. Thus, the vessel may be moved relative to the rest of
the portable apparatus. Alternatively or additionally, the agitator may move the sample
within the vessel, which may be done without movement of the vessel relative to the rest
of the portable apparatus. For example, the culture vessel may include a magnetic stir
bar and the agitator may comprise a means for generating a rotating magnetic field (for
example, a rotating magnet or a set of stationary electromagnets), the agitator then being
operable to cause the magnetic stir bar to spin, thereby stirring the sample. A further
alternative is to use thermal convection by the use of a differential temperature on the
different sides of the culture vessel.

The inventors have made the non-obvious realisation that for some diagnostic
systems, such as that described in W0O2015/189390, pre-culturing is not problematic. For
example, pre-culturing is acceptable if the analysis is not dependent on a positive
determination of microbial growth, i.e. detecting a positive sample in a conventional
culture cabinet. Where pre-culturing is acceptable, the container need not be cooled as
there is no need to prevent (or reduce the degree of) pre-culturing. Furthermore, the
inventors have realised that it is advantageous to pre-culture the sample as it is in transit
to the laboratory, because this allows the sample testing to be run faster once it is
received at the laboratory performing the testing. Therefore, the inventors have
recognised that it is advantageous to heat the sample to above room temperature, whilst
optionally agitating the sample periodically or continuously rather than cooling it or
maintaining it at room temperature.

The thermally insulated compartment is provided inside the sealable container,
that is, it is an interior space/volume within the sealable container. The thermally
insulated compartment may comprise a sleeve for holding the first culture vessel. Itis
advantageous for the sleeve to be removable and preferably disposable. A removable
sleeve allows for ease of handling of the sleeve with the culture vessel within it, as well as
the possibility to insert and remove culture vessel with the sleeve outside of the
apparatus. A disposable sleeve ensures that the risk of contamination from contact with
the outside of the first culture vessel can be avoided. A new sleeve can be used for each
use of the portable apparatus, with the portable apparatus never coming into direct
contact with the first culture vessel. In this case the agitator may agitate the first culture
vessel by movement of the sleeve.

The sleeve may be arranged to resiliently deform during insertion and removal of
the first culture vessel, and to hold the culture vessel securely due to the resilience of the

sleeve whilst the culture vessel is fully inserted. For example the sleeve may comprise



10

15

20

25

30

35

WO 2017/182645 PCT/EP2017/059542
-54 -

resilient tines arranged to clasp a shoulder of the culture vessel when the vessel is
inserted, and to be pushed resiliently outwardly and pass around a circumference of the
main body of the culture vessel when the vessel is being inserted or removed.

In this case where the first culture vessel itself moves to allow agitation, with or
without a sleeve, the compartment and container must be sized appropriately so as to
allow the required degree of movement. The compartment may hence be larger than the
first culture vessel in order to allow for movement of the culture vessel within the
compartment. The first culture vessel may be received within a sleeve within the
compartment, and the sleeve may be moved by the agitator (relative to the stationary
compartment) so as to control movement of the first culture vessel. The container may
then receive the compartment snugly. Alternatively, the compartment may be sized so as
to receive the first culture vessel snugly, and the container may be sized so as to allow
movement of the compartment itself within the container.

The first culture vessel may be rotated and/or rocked about one or more axis whilst
it is a generally horizontal position, a generally vertical position, or any other orientation.
In this context horizontal and vertical references the orientation of the main axis of the
flask, i.e. the axis of rotation for a bottle shaped flask. Typically the opening of the first
culture vessel will be at the top of this axis when the flask is held vertically.

One possible arrangement for an agitator is to place the first culture vessel in a
horizontal position within the container, and for the agitator to be arranged to roll the
culture vessel about its axis and/or to rock the axis in a see-saw motion in order to agitate
the culture. Itis preferred in this case for the portable apparatus to be arranged to be
transported horizontally, and therefore the apparatus may be provided with markings or
instructions indicating an orientation with the culture vessel horizontal during transport.

Another possibility is to provide an off-centre (i.e. off-axial) rotational movement of
one or both of the ends of the first culture vessel, e.g. the top of the culture vessel, the
bottom of culture vessel or both the top and the bottom of the culture vessel. This could
be done with the first culture vessel generally horizontal or generally vertical, for example
by combining a horizontal rolling, off-axis, rotation producing a back and forth sloshing
movement of the sample fluid, or combining a vertical spinning and off-axis rotation
producing a vortex and a swirling motion within the fluid. Angles between the horizontal
and the vertical can also be used, for example a 45° angle of the axis of the flask. Such
off-axial rotating movement may be provided by an eccentric cam or a yoke/gimbal
device, for example. The axis of symmetry of the first culture vessel can be misaligned
with the axis of rotation of the cam, and the two axes are non-parallel, such that the

culture vessel rotates in an off-axial manner.



10

15

20

25

30

35

WO 2017/182645 PCT/EP2017/059542
- 55-

The first culture vessel may be rotated continuously or intermittently, and optionally
with changes in the direction of rotation. In this way the degree of agitation that is applied
via the rotation can be controlled.

One example embodiment uses a swash plate type formation, with the first culture
vessel coupled to a rotation device with an axis of symmetry of the first culture vessel out
of alignment with the axis of rotation of the rotation device. One way to achieve this is to
mount the first culture vessel with the base of the flask being non-perpendicular to the axis
of rotation, for example by having a slanted surface, a spacer structure, a wedge or any
other structure ensuring that the base of the culture vessel does not sit perpendicular to
the axis of rotation of the rotation device. The mounting of the first culture vessel may be
via a sleeve that holds the flask as explained above.

Another example uses a yoke with the first culture vessel hung vertically from a
pivoted connection and the centre of mass of the culture vessel below the pivot point.
This yoke can be mounted for rotation and when the yoke is spun the hanging vessel will
swing outward allowing for a swirling motion to be applied to the sample in the culture
vessel.

The rotation device may be include a wheel rotated by a motor, with the radial
direction of the wheel being perpendicular to the axis of rotation, which may pass through
the centre of the wheel. An off-centre axis could provide a further option for an agitation
action. The apparatus may be arranged so that the first culture vessel is held on the
wheel for rotation with the wheel, for example by means of a suitable key or other
interconnection, including a yoke as described above, and so that the first culture vessel
has its base non-parallel with the radial direction of the wheel during rotation. The off-
centre movement can be combined with a rolling movement while consuming only low
energy for the agitation.

Another possibility is to allow a horizontal rolling movement of the first culture
vessel, while horizontally positioned, to create agitation within the sample.

As indicated above, yet a further possibility for an agitator is to agitate the contents
of the first culture vessel (a mixture of a suitable culture medium and the clinical sample)
directly, e.g. without shaking, tilting, rocking or rolling the first culture vessel itself.
Accordingly, in certain embodiments the culture vessel may contain a magnetic stirring
device, e.g. a magnetic stir bar or magnetically driven spinner), and the agitator may
comprise a means for generating a rotating magnetic field (for example, a rotating magnet
or a set of stationary electromagnets), the agitator then being operable to cause the
magnetic stir bar to spin, thereby stirring the sample. Alternatively, the culture vessel may

contain a stirrer shaft comprising a central shaft mounted along the main axis of the first
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culture vessel comprising one or more stirrer paddles or blades which may be mounted
radially to the central shaft) which may be mechanically rotated via a portion which
extends outside the culture vessel, and the agitator may comprise a means for rotating the
stirring device (for example a motor configured to drive the stirring device via its external
portion, e.g. via an adaptor).

The agitator may be controlled by a controller. The agitation may be recorded by
an accelerometer to measure the degree of agitation of the first culture vessel during
transportation. In this case the controller may adjust the duration and/or the degree of
agitation to provide a pre-set minimum agitation of the sample. The degree of agitation
recorded by the accelerometer may be shown on the display on which the recorded by the
timer is displayed, or on a separate display.

The agitator may agitate the sample constantly, or may agitate the sample
intermittently, i.e. by cycling through a period of agitating constantly, followed by a period
of no agitation. The lengths of the agitation period and non-agitation period can be
chosen as appropriate and may be controlled by the controller.

The agitator may be mainly or entirely within the thermally insulated compartment.
If the agitator, or at least the moving parts of the agitator, is within the thermally insulated
compartment then the risk of loss of heat through openings within the thermally insulated
compartment is minimised. Moreover, in the case where an electrical motor is used for
agitation then the electrical motor can advantageously be within the insulated
compartment since heat loss from the motor will then contribute toward heating of the
thermally insulated compartment.

As noted above, the apparatus is suitable for transport of a clinical sample in a first
culture vessel, and is therefore sized appropriately. Further, the apparatus may include a
culture vessel (i.e. a first culture vessel) such as a blood culture flask as described
elsewhere. Thus, in a preferred embodiment, the apparatus is suitable for transport of a
clinical sample in a blood culture flask. It is to be noted that a blood culture flask is a
recognised form of flask in the field of the invention and denotes a flask that is specifically
designed for and provided for culturing of clinical samples such as blood samples. it
would not, for example, be cbvious to use such a flask in a device intended for purposes
other than culturing of clinical samples, and thus even if a prior art device for preserving
biological matter (such as the devices in GB 2055530 or US 6028293) was capable of
holding a blood culture flask it would nonetheless not be obvious to insert a blood culture
flask into such a device. Instead one skilled in the art would only look to blood culture

devices when considering how to handle blood culture flasks. Moreover, it is not
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considered to be obvious to adapt specialised medical devices for other vessels, such as
the vacuum collection tubes of US 2013/226032, to use a blood culture flask.

The apparatus may, for example, be suitable for transportation of a Becton
Dickinson Bactec™ blood culture flask and may comprise such a flask. These have a
maximum height of 147 mm and a maximum diameter of 39.7 mm. Alternatively, or
additionally, the apparatus may be suitable for transportation of a Biomeriux BactAlert®
blood culture flask. These have a maximum height of 117 mm and a maximum diameter
of 35 mm. A further alternative is the apparatus may be suitable for transportation of a
Thermo Fisher VersaTrek® blood culture flask and may comprise such a flask. The 40ml
VersaTrek® flask has a maximum height of 124 mm and a maximum diameter of 40 mm.
The 80ml VersaTrek® flask has a maximum height of 105 mm and a maximum diameter
of 57 mm.

Alternatively or additionally, the apparatus may be suitable for transportation of
any other blood culture flask, preferably having a volume of less than 200 ml, more
preferably less than 100 ml and most preferably less than 50 ml, and having known
dimensions, and the apparatus may comprise such a blood culture flask.

In some examples the apparatus includes a first culture vessel and also a clinical
sample within the first culture vessel. The clinical sample is preferably a sample as
described above provided in the vessel in a state that requires culturing in relation to
subsequent processing of the sample. The clinical sample may be a blood sample
requiring culturing to enable identification of micro-organisms in the blood. The clinical
sample may be a sample taken from a patient in order {o provide information about the
patient’'s medical condition. The sample may be a sample taken from a patient for the
purpose of detecting and characterising a microorganism in the sample, for example by
using a method as described in W02015/189390. The sample may be provided in the
flask in an initially uncultured state, with culturing of the sample then occurring during
transport of the sample in the flask within the apparatus. The apparatus may thus
comprise an uncultured clinical sample that requires culturing, a partially cultured clinical
sample, or a sample that has been cultured sufficiently to allow for further processing
and/or testing of the sample, for example diagnostic testing such as that described in
patent application W0O2015/189390. However, as discussed in greater detail above, the
diagnostic testing may perform one or more tests on the medical sample for the purpose
of identifying a microorganism and/or determining the antimicrobial susceptibility of a
microorganism in the clinical sample, e.g. an ID and/or an AST test, and the diagnostic
testing performed by the device not be limited to performing a detection method as

described in the above patent application.
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The apparatus may have outer dimensions allowing it to be transported in a
pneumatic tube system.

The thermally insulated compartment is preferably designed with suitable
dimensions for receiving the first culture vessel. In particularly preferred embodiments, the
apparatus is for receiving a blood culture flask, for example it may include a cylindrical
space, which may be arranged to receive a flask with a diameter of 57 mm or below and a
height of 147mm or below. However, in some embodiments the compartment may be
larger in order to allow for movement of the flask within the compartment. It is preferred
for the thermally insulated compartment to receive all of or at least the majority of the
flask.

The thermally insulated compartment may be lined with a resilient material and/or
be provided with deformable elements for securely holding the first culture vessel. This
may include a sleeve as described above. With the use of deformable/resilient elements
the interior of the compartment may be smaller than the culture vessel when no culture
vessel is present, and then deform to accommodate the culture vessel when the culture
vessel is inserted. In order to allow for a range of culture vessels with different sizes to be
accommodated by a single design of apparatus the apparatus may be equipped with an
adjustment mechanism for adjusting the size of the compartment to fit vessels of different
sizes. The adjustment mechanism may include the resilient material and/or deformable
elements mentioned above. The adjustment mechanism may alternatively or additionally
include one or more sliding elements (or detachable and movable elements) as parts of
the walls of the compartment. For example, on or more of the walls may have a Velcro
attachment to the sides of the sealable container, and the point of attachment may be
movable by detaching the Velcro and then re-attaching it in a different position.

The container may be configured to hold only one culture vessel. Alternatively, the
apparatus may be configured to hold a plurality of culture vessels, for example, two, three,
or four culture vessels. The apparatus may be configured to receive the plurality of
culture vessels within a single thermally insulated compartment (i.e. the thermally
insulated compartment is sized to accommodate a plurality of vessels) or may comprise a
plurality of thermally insulated compartments, each for receiving a single culture vessel.
Where a plurality of thermally insulated compartments is provided, each compartment
may be heated (and/or monitored and controlled, as described below) separately. It may
be possible to separate the thermally insulated compartment that holds the culture vessel
from the container. The separable thermally insulated compartment may be a

consumable. The separate compartments may be transported individually.
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The apparatus may comprise a controller for controlling the heater to maintain a
pre-set temperature. This may allow the sample to be maintained at a precise and
accurate temperature. The controller for controlling the heater may be the same as the
controller for controlling the agitator.

The apparatus may comprise a temperature sensor for monitoring the temperature
in the interior of the thermally insulated compartment. Where both a controller and
temperature sensor are provided, the controller may be in communication with the
temperature sensor so as to receive the measured temperature output from the
temperature sensor. The controller may be operable to adjust the heater in accordance
with the temperature measured by the temperature sensor, preferably in a feedback
control system.

The heater may include a chemical heater. The chemical heater may be a single-
use disposable heater, such that a new chemical heater is used each time a first culture
vessel is pre-cultured. The chemical heater may for example make use of the heat
released by catalysing rusting of iron or dissolving calcium chloride. The heater may for
example make use of an exothermic reaction between a plurality of reagents.
Alternatively, the heater may make use of exothermic reactions such as phase-change
materials e.g. exothermic crystallisation of a supersaturated sodium acetate solution for
example. Such heaters may be re-usable (and may be regenerated for re-use by placing
in boiling water, for example).

The heater may include an electrical heater such as resistance heater, for example
a coil of wire, or a kapton heater, each preferably powered by a battery. The output of the
electrical heater may be controlled by the controller, which, as mentioned above, may
control the heater responsive to temperature measurements from a temperature sensor.
This may allow the temperature to be more precisely controlled. The heater may comprise
a combination of different heaters. For example, a chemical heater may be used to raise
the temperature of the sample rapidly from room temperature to the desired temperature,
and then a resistance heater may be used to more precisely control the temperature once
the sample is close to the optimal temperature, with low energy consumption.

The heater may be flexible and/or formed in a curve such as a partial or full tube
shape, so that it may be wrapped or placed around at least part of the first culture vessel.

The heater may be activated automatically, for example by loading the sample into
the container or by closing the container lid. Alternatively, the heater may be manually
turned on by the user. The heater may be operable to heat and preferably maintain the
sample at a temperature of 25°C or higher, and more preferably at a temperature of 30°C

or higher.
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The heater may be operable to heat and preferably maintain the sample at a
temperature of 45°C or lower, more preferably at a temperature of 40°C or lower and most
preferably at a temperature of 37°C or lower. The heater may be operable to heat and
preferably maintain the sample at a temperature of 25°C to 40°C, more preferably 30°C to
37°C, and most preferably 35°C.

The heater may be operable to heat and preferably maintain the sample within the
above temperature ranges for a period of up to 12 hours, 6 hours, 4 hours, 3 hours or 1
hour.

There is of course an interaction between the required heater performance, the
thermal insulation of the apparatus, and the outside/ambient temperature. The heater
may be arranged to provide the above characteristics for ambient temperatures of 15°C
and above, preferably 10°C and above and more preferably 0°C and above. Lower
temperature operation will typically not be required, but could be designed for if
necessary.

In example embodiments the apparatus includes a power source such as a
battery. The battery may be used to power an electrical heater as discussed above, as
well as supplying power to a controller of the apparatus. The battery may be accessible
via a removable lid or panel in order to allow replacement of the battery. In preferred
embodiments the battery is rechargeable, thereby enabling repeated usage of the device
without the need to replace the battery. The portable apparatus may be arranged to
receive power for recharging the battery from a charging point and the invention extends
to a combination of one or more portable apparatus as discussed herein with a charging
point for recharging the battery of the portable apparatus. The portable apparatus may
receive power via a wired connection, such as a plug and socket arrangement, preferably
with the socket on the portable apparatus and the plug on a lead connected to the
charging point. Alternatively or additionally the charging point may be arranged for
wireless power transmission to the portable apparatus, for example via inductive power
transfer. The charging point may be arranged for connection to mains electricity.

The portable apparatus may be arranged to be operable to heat and optionally
agitate the first culture vessel whilst being charged. In this way the charging point could
be used for storage of the portable apparatus whilst it is waiting for the sample fo be
processed further, and the heating and/or agitation of the sample can be done during this
storage without risk of depleting the power level of the portable apparatus.

In general a medical institution would use multiple portable apparatuses
simultaneously to allow for handling of many samples at once, perhaps tens or even

hundreds of samples. The charging point may be arranged to charge multiple portable
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devices at any one time, for example more than 10 or more than 50 devices. The
charging point could hence be provided with multiple inductive charging pads and/or
multiple leads allowing for connection to many portable devices.

The thermal insulation of the thermally insulated compartment may be designed to
operate within the same temperatures and to provide a degree of insulation suitable to
maintain the required temperature with a given heater. The thermal insulation may
include a layer of one or more of silica aerogel, expanded polyurethane, expanded
polystyrene, urea foam or the like, in a thickness sufficient to give the required thermal
capabilities, for example, at least 1 cm, at least 2 cm, or at least 3 cm, at least 4 cm or
more, dependent on the selected heater and the required temperature and time period for
pre-culturing. Multiple layers of insulation may be included if necessary. The thermal
insulation may fully enclose the thermally insulated compartment and hence may be also
included in a lid or other removable opening of the thermally insulated compartment.

The apparatus may comprise a timer for recording the amount of time for which
the sample has been pre-cultured. The timer may be set automatically by loading the
sample into the container, or may be manually set running by the user. Preferably, the
timer is set running automatically when the heater is turned on. The timer may also be in
communication with the controller, and the controller may set the timer running at the
same time as the controller activates the heater. The communication between the timer
and controller may be via RFID or any other means.

Where a timer is provided, the apparatus preferably also comprises a display for
showing the time recorded by the timer. As a result, when the sample arrives at the
laboratory, the length of time for which the sample has been pre-cultured can readily be
assessed.

In each of the foregoing three aspects, the microorganism detection device may be
arranged to perform any or all of the method steps and preferred/optional steps set out
above. Thus, the DNA testing device may be arranged to carry out any or all of the DNA
testing steps described above, and the antimicrobial susceptibility test device may be
arranged to carry out any or all of the antimicrobial susceptibility testing steps described
above.

The apparatus may comprise a means for determining the amount of microbial celi
matter (that is microbial biomass) present in a sample, particularly by assessing or
determining this directly. This may be achieved by determining the amount of microbial
biomass visually, and especially by imaging. Therefore, the apparatus may comprise an
imaging means (for example a microscope and optionally a camera) for obtaining 2D

images. The apparatus may comprise a processor for processing the images to
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determine the amount of microbial cell matter. The processor may be configured to
determine the area of microbial biomass (more particularly the area of microbial biomass
in the field of view under investigation, e.g. in an image).

More generally, the imaging means and processor may be configured to
determine the amount and/or number and/or size of microorganisms and/or microbial
colonies or aggregates. This may include counting of cells or colonies, but is not limited to
such methods and includes any means of visually assessing the amount of microbial
growth by assessing (or determining) the size, area, shape, morphology and/or number of
microbial cells, colonies or aggregates (the term “aggregate” includes any collection of
cells in physical proximity e.g. a clump or cluster; this may include non-clonal
clumps/clusters of cells which have aggregated or stuck together (e.g. neighbouring cells
which have become aggregated) as well as clonal colonies). The parameter used to
measure microbial growth may, but need not, vary according to the identity of the microbe
(determined in step (e)) and the antimicrobial agents used in step (f). Indeed, depending
on the organism and the antimicrobial agents used, the morphology or growth pattern of
the cells may be affected, and this may be altered or changed from the “normal” or
“typical” morphology or growth pattern, e.g. in the absence of the antimicrobial agent.
Whilst some AST growth monitoring methods may depend on detecting such changes, it
is not essential according to the present invention to take such changes into account and
the amount (e.g. area) of microbial growth or biomass may be determined irrespective of
morphology and/or growth pattern. Thus the same growth monitoring method may be
used regardless of the microbial cell and/or antimicrobial agents used.

The first culture vessel containing the pre-cultured clinical sample is inserted into
the microorganism detection device, and the microorganism detection device is configured
to receive or accept the first culture vessel.

Culture medium may be added to the second culture vessel prior to operation of
the device, or the second culture vessel may be filled with culture medium when it is
supplied. Typically the second culture vessel will be a consumable item.

The further culturing of the clinical sample or portion in the first and/or second
culture vessel may occur in the same piece of apparatus as the earlier testing steps, or
alternatively the first and/or second culture vessel may be passed to a separate
apparatus, with the microorganism detection device hence including multiple separate
parts. In the laiter case the first and/or second culture vessel may be handled in such way
during extraction that it can be cultured during the further culturing step in another
dedicated apparatus, which may advantageously be an apparatus that is already in place

at the facility in question, which may for example be a hospital. Thus the first and/or
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second culture vessel is made available for continued culturing and this may be inside the
same apparatus as the preceding steps, or outside that apparatus and in another
separate part of the device.

Preferred embodiments of the present invention will now be described by
reference to the accompanying figures, in which:

Figure 1 depicts in (A) a sample microarray panel for the detection of
microorganisms in a sample, and in (B) the fluorescence intensity of the signal generated
for a range of microorganisms. In Figure 1A, the spots at the four corners and in the
middle of the left hand side of the image are reference spots used for image alignment.
The three brighter spots indicate that nucleotide sequences specific for E. coii are
detected in the sample using the detection method of the present invention. Figure 1B
shows the signal generated for a range of different microorganisms when probes specific
for E. coli are used.

Figure 2 shows the relative growth of bacteria grown in MH broth supplemented
with ciprofloxacin at a range of different concentrations, relative to a positive control
sample grown in the absence of ciprofloxacin. Cells were stained with Vybrant®
DyeCycleTM Orange stain and counted by automated microscopy.

Figure 3 shows the relative growth of bacteria grown in MH broth supplemented
with a number of different antibiotics, each at a range of different concentrations, relative
to positive control samples grown in the absence of any antibiotics (A — Cefotaxime, B -
Ciprofloxacin, C — Gentamicin, D — Meropenem, E ~ Ceftazidime, F — Piperacillin +
Tazobactam). Cells were stained with Vybrant® DyeCycleTM Orange stain and counted
by Aquila 400. These data indicate that differential growth can be detected within 4 hours.
MIC values were calculated for each of the antibiotics at 4, 6 and 24 hours, and at a range
of cut-off values.

Figure 4 depicts in (A) the workflow required for Amplified Single Molecule
Detection (ASMD) of bacteria within a sample to determine antibiotic susceptibility of a
microorganism, and in (B) shows the differential growth of bacteria grown in MH broth
supplemented with Ciprofloxacin or Cefotaxime, relative to a positive control sample
grown in the absence of either antibiotic. In Figure 4B, the RCA products indicating the
presence of specific microbial DNA sequences are detected by ASMD, and counted by
Aquila 400.

Figure 5 depicts a scheme for detecting specific microbial DNA sequences for use
in probe design. A biotinylated capture oligonucleotide complementary to a region of
microbial DNA binds a target DNA fragment and immobilises it onto a solid phase. A

padlock probe, comprising two target-complementary parts (5/3’-arms) and a backbone
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with sites for detection (DO -generic), restriction digestion and priming (RO - generic), and
array oligo hybridization (AO - unigue) binds to its target via its complementary 5 and 3’
end sequences, and can be ligated into a circle prior to RCA ampilification and C2CA
reaction.

Figure 6 shows a portable apparatus for transport of a clinical sample in a culture
vessel.

Figure 7 shows a schematic of a controller, temperature sensor, heater, agitator,
accelerometer, timer and display for use in a portable apparatus as shown in the Figures.

Figures 8a and 8b show further details of a part of another a portable apparatus for

transport of a clinical sample in a culture vessel.

Figure 9 shows a cross-section of another portable apparatus showing the details
of a possible agitation mechanism.

Figure 10 is a box-whisker diagram showing typical times for transport of samples
from a patient to a diagnostic system.

Figures 11a-11c show growth of bacteria at room temperature (triangular data

points) as compared to at 35°C (circular data points) for (a) E. coli, (b) S aureus and (c)
C.albicans.

The container 1 shown in Figure 6 is a portable apparatus configured to hold a
single culture vessel 2. The container 1 therefore comprises a single thermally insulated
compartment 3 sized to accommodate snugly one culture vessel. Within the thermally
insulated compartment 3 is provided a flexible chemical heater 4 which wraps around the
culture vessel within the thermally insulated compartment 3. The chemical heater is
activated manually either shortly before, or shortly after, placing the culture vessel 2 within
the thermally insulated compartment 3. The apparatus is further provided with an agitator,
which is not shown in Figure 1. The agitator might have a similar arrangement to that
described below in relation to Figure 4, for example. The agitator could be within the
container 1 to move the vessel 2 within the container 1. Or it could be fitted outside the
container 1 to move the whole container and thereby also move the vessel 2 with the
container 1.

The container 1 is sealed with a lid 5 which may comprise a sealing O-ring 19 (as
shown in Figure 9).

The exterior of the container may include a label (not shown) on which can be
written the time at which the sample began pre-culturing (i.e. the time at which the heater
was activated).

The container shown in Figure 6 has a simple construction, which has the

advantage that the container is robust and cheap to manufacture. On the other hand, it
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may be difficult to accurately maintain the culture vessel at a fixed temperature for a long
period of time using this arrangement.

To address this, instead of the chemical heater of Figure 6, a controllable electrical
heater such as a resistance heater 11 (as shown in Figure 7) may be used. Such a
heater 11 may be used in the container 1 of Figure 6 with appropriate modifications to the
container 1. It may also be used in a container 1 as shown in Figures 8a-9, as discussed
in more detail below. The resistance heater 11 is in communication with a controller 12,
which controls the output of the heater responsive to information from a temperature
sensor 13 which measures the temperature within the thermally insulated compartment 3.

The controller may also set running a timer 14 when the heater is activated. The
time recorded on the timer may be displayed on an LCD display 15 mounted on an
external surface of the container 1. The controller is also operable to control an agitator
16. The agitator 16 shakes the culture vessel continuously in order to aerate the sample.
The agitator 16 device is controlled by the controller. The agitation may be recorded by an
accelerometer 20 to measure the degree of agitation during transportation. The degree of
agitation recorded by the accelerometer timer is displayed on the LCD display 15. Each
of the resistance heater 11, controller 12, temperature sensor 13, timer 14, LCD display
15, agitator 16 and accelerometer 20 may be powered by a power supply unit (PSU) 17
(not shown on Figure 7, but shown on Figure 9). The PSU may for example be a battery
pack, which may be rechargeable, and/or readily replaceable.

Figures 8a and 8b show details of the base of a portable apparatus including the
lower part of a thermally insulated compartment 3. As shown in Figure 8a, the
compartment may have a double-walled structure comprising an inner aluminium shell 3a,
to which is bonded a kapton resistance heater 11, and an outer plastic shell 3b. The
compartment 3 may be sealed with a lid (not shown) attached to the main body of the
compartment with a twist-lock connection 6. The lid might be similar to that shown in
Figure 9. The outer plastic shell 3b may comprise two diametrically opposed holes 7 that
receive corresponding pins provided in the container (not shown). The pins and holes 7
perform the dual function of providing an electrical connection through to the kapton
resistance heater 11, and also provide a pivotal axis about which the compartment 3 can
be rotated in order to agitate the sample in the culture vessel 2. In this way the thermally
insulated compartment 3 can be moved using mechanical means to hence mechanically
agitate the contents of the culture vessel 2 within the compartment 3. Alternatively the
apparatus of Figures 8a and 8b could be adapted so as to include an internal agitator 16

as described with reference to Figure 9.
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Figure 9 shows a cross-section of another example of a container 1 showing the
details of a possible agitation mechanism. Again, the container is a portable apparatus
with a thermally insulated compartment 3 for holding a culture vessel 2. The container 1 of
Figure 6 can include a resistance heater 11 as shown in Figure 8a. The heater 11
together with the agitator 16 can be controlled as described above with reference to
Figure 7.

The agitator 16 comprises a motor 16a, a rotating wheel 16b, a sleeve 16¢ which
receives the culture vessel 2, a off-centre coupling engagement 16d between the sleeve
16¢ and the rotating wheel 16b, and a lock ring 16e which attaches the sleeve 16¢ to the
compartment 3 approximately half way along the length of the culture vessel 2. As the
motor 16a rotates, the rotating wheel 16b is also driven to rotate, and correspondingly
rotates the culture vessel 2 via the connection of the coupling engagement 16d to the
sleeve 16¢ which holds the culture vessel 2. The connection of the sleeve 16c¢ to the
rotating wheel 16b is such that the axis of symmetry of the culture vessel 2 is misaligned
with the axis of rotation of the motor 16a and cam wheel 16b, and the two axes are non-
parallel, such that the culture vessel 2 rotates in an off-axial manner, fixed in place at the
lock ring 16e. In this example this axial misalignment is achieved by the use of a coupling
arrangement 16d having a key that cannot be fully fitted within the corresponding recess,
such that the key forces the base of the sleeve 16¢ at one side to be spaced apart from
the surface of the rotating wheel 16b, whilst the base of the flask can be closer to or
indeed touching the rotating wheel 16b on the other side. This means that the base of the
sleeve 16¢, and hence the base of the vessel 2, is not parallel with the radial direction of
the wheel 16b and therefore the axis of rotational symmetry of the vessel 2 is not parallel
with the axis of rotation of the wheel 16b.

The agitator 16 thus agitates the culture vessel 2 by movement of the sleeve 16¢
when the motor 16¢ rotates the wheel 16b. The sleeve 16c¢ fits closely to the culture
vessel 2, which is a vessel 2 of standardised size and hence known dimensions. The
sleeve 16¢ has flexible tine portions at its open end that are arranged to resiliently deform
during insertion and removal of the culture vessel 2. As shown in Figure 9 these tines
hold the vessel 2 securely by gripping the shoulder of the vessel 2 once it is fully inserted
in the sleeve 16c¢.

The motor 16a is powered by a battery pack 17, which is accessed (for
replacement or re-charging) via a bottom lid 18. The agitator 16 is controlled by a
controller 12, which in this example is a PCB. The motor 16a is advantageously

contained within the thermally insulated volume of the thermally insulated compartment 3
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such that waste heat from the motor 16a can contribute to heating of the clinical sample in
the culture vessel 2.

The thermally insulated compartment 3 comprises thermally insulating material
(not shown in all Figures) about the container and with a thickness sufficient to allow the
heater to maintain the required temperature. The nature of the thermal insulation can be
varied, provided that it provides the necessary reduction in heat loss. Silica aerogel,
expanded polyurethane, expanded polystyrene or urea foam may be used, for example.

Optionally the portable apparatus can include a sensor for determining if the
sample is positive, as well as an indicator for showing if the sample is positive or not. The
indicator may be a light or some other form of display, such as an LCD display. One
possibility is to use an opflical sensor such as a photodetector (as used, for example, in in
EP 2828398) to identify changes in the turbidity of the sample. The optical sensor can be
mounted within the sleeve around the culture vessel in the example of Figure 4 in order to
ensure an accurate and repeatable reading of the turbidity of the sample even as the
sample is agitated. Another possibility is the use of a pH sensor located within the culture
vessel. This might be coupled to the controller by a wired or wireless connection to
communicate power and/or data in order to allow an indicator on the apparatus to display
information relating to the pH within the flask.

The proposed methods and devices described herein allow for pre-culturing of a
clinical sample whilst it is in transport. This provides clear advantages in relation to the
total time for processing of a sample. Figure 10 is a box-whisker diagram showing typical
times for transport of samples from a patient to a diagnostic system. In prior art systems
without pre-culturing, where the sample is essentially inert during transport this time is
wasted. Although devices for pre-culturing have been proposed for some purposes, for
example as in US 2013/226032, such devices do not provide the agitation required for
best performance of the pre-culturing stage.

In medical diagnostics the time to result is often communicated as the time from
which a sampile is put into a system to time lab result is obtained. For the patient the key
issue is of course time to answer from when the clinical sample is taken from the patient
to when a lab result is obtained, communicated to treating MD and action taken. The
proposed methods and devices provide a way to reduce “time-to-action” for a
microbiology in vitro diagnostic system, measured from the time that clinical sample taken
until the time that action can be taken to treat the patient.

As an example, for patients with suspected sepsis then blood cultures should
always be taken. In the prior art these are transported to the microbiology lab, either at the

hospital that the patient is admitted to or to the closest laboratory with microbiclogy
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facilities. The time to corrective treatment is very important and it has been shown that
mortality increases 7% per hour if not proper treatment is administered. ldentifying the
causative organism by blood culture enables more focused antibiotics to be used,
reducing complications and the risk of emerging antibiotic resistance. Each hour of delay
in antibiotic administration increases the risk of death — delay also leads to longer hospital
stays and thus greater cost.

The plots of Figure 10 show the results of analysis of the time to transport a patient
sample to the laboratory. This reveals a surprisingly long transportation time, on average
in excess of 12 hours. The ability to provide effective culturing during transportation
drastically decreases the time to an actionable result. The box-whisker diagram of 500
samples collected at a medium-large sized hospital in Europe. In the box-whisker
diagram 50% of the samples fall within the box, the median is shown in the box and the
whiskers show minimum and maximum values within each category.

From this data it is evident that the provision of culturing during transportation is
hugely beneficial both for samples transported within a hospital as well as between
hospitals (hub) for systems that normally require pre-culturing. Examples of such systems
are as described in W0O2015/189390 as well as other systems today relying on so called
positive blood culture flasks and such as e.g. Nanosphere Verigen, (Nanosphere Inc.),
Biofire BCID (Biomerieux), and AST/ID from Accelerate Diagnostics as described in e.g.
US20150225762. The proposed methods and devices will also shorten time to so called
positivity also in so called blood culture cabinets such as e.g. Biomerieux BacTec, Becton
Dickinson BactAlert and Thermo Fisher VersaTrek (and similar) as long as the bacterial
growth is detected using an absolute measurement and not delta growth after insertion in
the system. On average a 5 hour reduction in the time to answer can be achieved within a
hospital and a 16 hour reduction in time to answer is possible if samples are shipped
between hospitals for systems relying on positive blood culture flasks.

An important aspect for a solution to contribute to faster time-to-action is to
streamline workflow. Therefore deposition of the sampled blood culture flasks from the
patient at the site of routine transportation to the microbiology lab is crucial. To ensure
pre-culturing the incubator then must be transportable and should be capable of both
heating and agitating the clinical sample during transport.

As shown in the examples of Figures 11a to 11c it is clear that transportation at
room temperature is considerably less effective for stimulation of pathogen growth than
transportation at elevated temperature. Three samples with different bacteria were split
and allowed to grow in growth media either at room temperature or at 35°C to simulate

transportation at the different conditions. Each hour the amount of bacteria present in the
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sample were measured using Ocelloscope (Philips, Netherlands) and the Biomass was
determined based on images acquired from the Ocelloscope. For the E.cofi 1E4 CFU/mlI
were used as a starting sample, for S.aureus 2.7E3 CFU/ml and for C. Albicans 3.6E2
CFU/ml as determined by viable count on non-selective agar plates. E.coliis a gram
negative, S.aureus is a gram positive bacteria and C.albicans is a fungi. Figures 6a-6¢
show the growth of bacteria at room temperature (triangular data points) as compared to
the growth of bacteria at 35°C (circular data points) for (a) E. coli, (b) S aureus and (¢)
C.albicans. There are clear benefits in terms of pre-culturing in the context of diagnostic

testing where pre-culturing is needed.

EXAMPLES.

Example 1 - Blood culture and microbial identification and characterisation by molecular

tests.

Blood spiked with 500 pl of E. coli bacterial suspension to give a concentration of
10® CFU/ml was added to a BacT/ALERT FA plus (Biomerieux) blood culture flask with a
needle through the septa. For pre-culture we used an own designed Multirotator from
Grant Instruments (Grant-bio PTR-35) re-designed to blood culture flask (BCF) agitators.
Samples were incubated for 4 hours at 35°C.

5 ml of the sample was aspirated, equivalent to 1 ml of whole blood, using a
syringe.
Enrichment of bacterial DNA was carried out by the method from Molzym (Germany)

without the need for centrifugation.

Preparation of lysis buffer by addition of 800 pl ES to 160 pl MolDNase. Mix by pipetting 6
x and add all of the MolDNase solution to 12800 pl lysis buffer followed by mix by pipetting
6 X.

Preparation of Proteinase K. Add 1000 pyi ES to 400 yl Proteinase K and mix by pipetting
6 X.

Lysis

Add 5 ml sample withdrawn from the BCF to 4300 ul Lysis-MolDNase buffer and
mix by pipetting 8 x. Incubate at 45°C for 10 min.
Inactivating MolDNase and add 350 pl Proteinase K to the lysate and mix by pipetting 8 x.
Incubate at 45°C for 10 min.
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Sample capture to column and wash, 3 loops

Add 605 pl lysate to a filter column (Molzym, Germany), apply 15 seconds
vacuum. Add 500 yl RS to the filter column and apply 15 seconds vacuum. Add 605 pi
lysate to a filter column (Molzym, Germany), apply 30 seconds vacuum. Add 500 pl RS to
the filter column and apply 15 seconds vacuum. Add 605 yl lysate to a filter column
(Molzym, Germany), apply 45 seconds vacuum. Add 500 pl RS to the filter column and
apply 15 seconds vacuum. Continue with 45 seconds vacuum after sample addition until
all sample have been added. More than one filter may be used in order 1o filter the lysate,

if required, if the filter becomes clogged during filtration.

Preparation of lysis buffer for microbes
Add 5.6 pl B-mercaptoethanol to 600 ul RL and mix by pipetting 6 x, Add all pre-
mixed BM-RL to 80 ul BugLysis and mix by pipetting 6 x

Lysis of microbes

Add 170 pl of the prepared lysis mixture to the column and apply vacuum for 200
ms. Incubate at 45°C for 10 min. Add 280 ul prepared Proteinase K-solution to 520 ul
Buffer RP. Mix by pipetting 6 x. Add 200 ul PK-RP to column. Apply vacuum for 200 ms.
Incubate at 45°C for 10 min

Binding of microbial DNA to column
Move column to room tempered block. Wait for 2 minutes. Add 500 ul CSAB to
column. Apply vacuum for 2 s.
Wash 1
Add 500 ul WB to column. Apply vacuum for 2 s.
Wash 2
Add 500 ul WS to column. Apply vacuum for 2 s.
Drying of membrane
Apply vacuum for 10 min
Elution
Add 200 yl ET to column
Apply vacuum for 200 ms.
Incubate at RT for at least 5 min
Apply vacuum for 1 min

Repeat once to make two elutions.
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The molecular test was carried out on the enriched bacterial DNA sample by the
method in Gdransson et al, 2012 (supra). During the process of molecular identification of
the bacteria the remaining blood sample was kept under agitators.

Padlock probes and target capture probes were ordered from Integrated DNA
Technologies (Munich, Germany). The probes were designed to detect unique motifs in
each bacteria, selected via bioinformatics tools. The hybridization of capture probes and
ligation of padlock probes to the target DNA were performed simultaneously, and was
achieved by incubating fragmented and denatured genomic DNA in 20 mM Tris-HCI (pH
8.3), 25 mM KCI, 10 mM MgCi2, 0.5 mM NAD, 0.01% Triton® X-100, 100 nM padlock
probe, 50 nM capture probe, 0.2 pg/ul BSA (New England Biolabs, MA, USA), and 250
mU/ul Ampligase (Epicentre Biotechnologies, Wi, USA) at 55°C for 5 min. The target DNA
along with reacted padlock probes were captured onto magnetic particles via the
biotinylated capture probes. This was achieved by adding 50 yg Dynabeads MyOneTM
Streptavidin T1 beads (Invitrogen) to the hybridization/ligation reaction and incubating the
sample at room temperature for 3 min. Excess probes were eliminated by washing once
with 100 pl washing buffer containing 5 mM Tris-HCI (pH 7.5), 5 mM EDTA, 1 M NaCl,
and 0.1% Tween-20. The elimination of excess linear padlock probes is performed, since
these may otherwise interfere negatively with the subsequent RCA reaction.

Reacted probes were amplified by C2CA, which includes serial enzymatic
reactions starting with RCA. The RCA reaction was initiated by the addition of 20 i
ligation mixture containing 1x phi29 DNA polymerase buffer (Fermentas, Lithuania; 33
mM Tris-acetate (pH 7.9 at 37°C), 10 mM Mg-acetate, 66 mM K-acetate, 0.1% (v/v)
Tween-20, 1 mM DTT), 100 uyM dNTPs, 0.2 pg/ul BSA, 25 nM primer, and 100 mU/ul
phi29 DNA polymerase. The reaction was incubated at 37°C for 11 min, and inactivated at
65°C for 1 min. The RCA products were digested at 37°C for 1 min by the addition of 3
units of Alul (New England Biolabs), 600 nM replication oligonuclectide, 0.2 ug/ul BSA in
1x phi29 DNA polymerase buffer, and the reaction was terminated at 65°C for 1 min.
Ligation, amplification and labelling reactions were performed by the addition of a mixture
containing 1.36 mM ATP, 100 uM dNTPs, 0.2 ug/ul BSA, 28 mU/ul T4 DNA ligase and
120 mU/ul phi29 DNA polymerase in 1x phi29 DNA polymerase buffer to a final volume of
50 ul. The reactions were incubated at 37°C for 7 min, and terminated at 65°C for 1 min.
The above was repeated once. After the final RCA the products were digested once again
into monomers. The RCPs were now ready for analysis.

The digested sample was transferred to a microarray, incubated at 55°C for 30

minutes followed by a wash with 1x SSC in RT. The hybridized RCA monomers is then
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labelled via hybridization of a detector oligo at 10nM concentration in 2xSSC at 55°C for
30 minutes, washed twice in 1xSSC at RT and spun dry.

The array was then scanned in an array scanner and the result analysed using
array image analysis software as follows.

The array image is evaluated in order to detect spots corresponding to one or
several pathogens. A lit spot corresponds to a detected pathogen, with a redundancy of
three spots per pathogen. Further, the array has reference spots used for image
alignment, which are always lit, and protocol reference spots which — if lit - verify that the
individual steps of the molecular protocol succeeded. The analysis is divided into the

following steps:

1. The reference spots are detected and the image is aligned accordingly.
2. The spot intensities and backgrounds are measured and the background corrected
values are calculated.
3. The measured intensities are compensated for pathogen specific background, such as
e.g. unspecific binding of DNA from probe sets corresponding to other pathogens.
4. The array intensity data is used to provide an answer on pathogen id(s) and a quality
value
a. The algorithm takes the intensity value of all replicate spots corresponding to a
specific pathogen into account when calculating the ID answer.
b. The ID answer may be gualitative (reporting presence of pathogen), and/or
quantitative (reporting an indication of the amount of pathogen present in the
sample)
¢. The protocol reference spots are evaluated in order to verify that the molecular
protocol succeeded.
5. The result is collected and may be transferred to downstream AST analysis and/or
reported out in a result report. The result includes:
a. The ID of the detected pathogen(s)
b. Semi quantitative values for each detected pathogen
¢. A quality value indicating the success rate of the molecular protocol.
A sample array image is shown in Figure 1A. The five spots along the edges of the plate
are reference spots and are used for image alignment. Brighter spots indicate a detected
pathogen (E. coli). Figure 1B shows that a fluorescent signal was specifically generated

for E. coli.

Example 2- AST testing on the blood culture of Example 1.
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5 ml from the remaining sample in the blood culture bottle, that had continued to
be under culture conditions during the molecular typing, was drawn from the flask.

The drawn sample was enriched for bacteria and at the same time the culture
media was changed, in this case to Mueller-Hinton media (MH-media). E. coli bacteria
were recovered via filtration through a 0.2um filter and then the recovered bacteria were
resuspended in MH-media. 63 Jl aliquots of the bacterial suspension were transferred to
selected wells in a microtiterplate.

Each well had a different concentration of antibiotics as well as different antibiotics.
As the microorganism identified in Example 1 was E. coli in this case, the following
antibiotics were selected for use in antimicrobial susceptibility testing: Ciprofloxacin,
Piperacillin + Tazobactam, Cefotaxime, Ceftazidim, Meropenem and Gentamicin. A series
of six different concentrations was prepared for each antibiotic based on known clinical
MIC values. A seventh well containing MH broth and no antibiotic was used as a positive
control. The microtiterplate was incubated at 35°C for 4 hours before the plate was read.
7u! 10uM Vybrant® DyeCycleTM Orange stain (Molecular Probes® Life Technologies)
was added to each well and incubated for 30 min at 37°C. Each microtiterplate well was
imaged and the number of bacteria were counted. The differential growth relative to the
positive control was used to determine a MIC value for the bacteria. The result for

Ciprofloxacin is shown in Figure 2.

Example 3 - Determination of AST profiles using counting of individual bacteria in a flow

cytometry type instrument (Aquila 400, Q-linea AB, Sweden).

Bacteria were grown in blood culture as described in Example 1. 5 ml from the
remaining sample in the blood culture bottle, that had continued to be under culture
conditions during the molecular typing, was drawn from the flask.

The sample was enriched for bacteria and at the same time the culture media was
changed, in this case to Mueller-Hinton media (MH-media). E. coli bacteria were
recovered via filtration through a 0.2um filter and the recovered bacteria were
resuspended in MH-media to a concentration of approximately 102 CFU/ml in Miiller
Hinton broth before being diluted to approximately 10° CFU/ml in Miiller Hinton Broth.

Antibiotic solutions were prepared in a series of 2:1 serial dilutions in Miller Hinton
broth at 10 x test concentrations. The range of antibiotic concentrations was chosen
based on identity of the bacteria and the antibiotic. As the microorganism identified in
Example 1 was E. coli in this case the following antibiotics were selected for use in the
antimicrobial susceptibility test: Ciprofloxacin, Piperacillin + Tazobactam, Cefotaxime,

Ceftazidim, Meropenem and Gentamicin. A series of eight different concentrations was
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selected based on known clinical MIC values. Eight sample tubes containing 100 pi
antibiotic solution at eight different concentrations and 800 p! Miller Hinton broth were
prepared. One additional tube contains 900 pl Miller Hinton broth and no antibiotic as
positive control. 100 pl bacterial suspension (10° CFU/mI) was added to all nine tubes. A
negative control sample comprising 1000 pl Miller Hinton broth (i.e. no bacteria) is
prepared as negative control.

All tubes were incubated at 35°C and samples were taken after 0, 4, 6 and 24
hours. Bacterial samples were prepared for counting as in Example 2. Bacterial AST
profiles were determined using a flow cytometry based counting of individual bacteria in
an Aguila 400 instrument (Q-linea AB, Sweden). Aquila 400 analysis was performed using
the alexa 488 laser.

It was evident from the analysis performed at different time points that 4 hours was
sufficient for detecting differential bacterial growth at the different concentration of
antibiotics and thus to determine antibiotic susceptibility. Shorter times have been shown
in the literature so this is not unexpected. Differential bacterial growth relative to the
positive control sample for each antibiotic is shown in Figure 3. MIC values for each
antibiotic at different time points and cut-off values were calculated based on the
differential bacterial growth. Values obtained by this method compared favourably with
previously reported clinical MIC values and are shown below. The results show excellent
precision and sensitivity obtained by counting individual bacteria instead of averaging

measurements.

Cefotaxime
MIC with Macrobroth dilution is 0.125 pg/ml and another lab has determined MIC with E-
test to 0.5 pyg/ml.

Cut-off | 4 hours 6 hours 24 hours
5% | - 0,00 0,125
10% | - 0,06 0,125
15% 0,06 0,03 0.06
20% 0,06 0,03 0,06

Ciprofloxacin
MIC with Macrobroth dilution is 0.016 ug/ml and another lab has determined MIC with E-

test to =0.03 pg/ml.
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Cut-off | 4 hours & hours 24 hours
5% 0016 0,008 0,008
10% 0,008 0,008 0,008
15% 0,008 0,008 0,008
20% 0,008 0,004 0,008
Gentamicin

PCT/EP2017/059542

MIC with Macrobroth dilution is 0.5-1 ug/mi and another lab has determined MIC with E-
test to 1 yg/ml.

Cut-off | 4 hours & hours 24 hours
5% 1 0.5 1
10% 0.5 0.5 1
15% 0.5 0.5 1
20% 0.5 05 1
Meropenem

MIC with Macrobroth dilution is 0.25-0.5 yg/ml and another lab has determined MIC with
E-test to <0.25 yg/ml. MIC estimated with Macrobroth dilution and with Aquila 400 is too

high because old stock of antibiotics was used.

Cut-off | 4 hours 6 hours 24 hours
5% | - - 0.5
10% | - - 0.5
15% | - 0.5 025
20% 0.5 025 0,125
Ceftazidime

MIC with Macrobroth dilution is 0.25 pg/ml and another lab has determined MIC with E-
test to =0.5 pg/ml.

Cutoffl | 4 hours & hours 24 hours
5% 025 0,125 025
10% 025 0,125 025
15% 0,125 0,125 025
20% 0,125 0,125 0,25

Piperacillin and Tazobactam

MIC with Macrobroth dilution is 4-8 pg/ml and another lab has determined MIC with E-test

to 2 yg/ml.



10

15

20

25

30

WO 2017/182645 PCT/EP2017/059542

-76 -

Cut-off | 4 hours & hours 24 hours
5% 4 4 4
10% 4 4 4
15% 4 4 4
20% 4 s s

Example 4 - Method with AST determination by AST usinag padlock probes and C2CA

amplification.
Blood cultures spiked with E. coli were set up and molecular typing was performed

as described in Example 1. 5 ml from the remaining sample in the blood culture bottle,
that had continued to be under culture conditions during the molecular typing, was drawn
from the flask and the sample was enriched for bacteria and changed into MH-media as in
Example 2.

63 ul aliquots were transferred to selected wells in a microtiterplate. Each well had
a different concentration of antibiotics as well as different antibiotics. In one microtiterplate
12 different antibiotics had been placed, each at four different concentrations and one
blank, i.e. no antibiotics. After 4 hours growth in the microtiterplate each well were
subjected to bacterial lysis to release the bacterial DNA.

Antibiotic susceptibility testing was performed using Amplified Single Molecule
Detection (ASMD) where the DNA from pathogens is extracted followed by digital
counting of amplification products, rather than by direct labelling of bacteria. The
molecular detection test was carried out on the bacterial DNA sample by the method in
Goransson et al, 2012.

Padlock probes and target capture probes were ordered from Integrated DNA
Technologies (Munich, Germany).

The probes were designed to detect unique motifs in each bacteria, selected via
bioinformatics tools. the hybridization of capture probes and ligation of padlock probes to
the target DNA were performed simultaneously, and was achieved by incubating
fragmented and denatured genomic DNA in 20 mM Tris-HC! (pH 8.3), 25 mM KCl, 10 mM
MgCl2, 0.5 mM NAD, 0.01% Triton® X-100, 100 nM padlock probe, 50 nM capture probe,
0.2 ug/ul BSA (New England Biolabs, MA, USA), and 250 mU/ul Ampligase (Epicentre
Biotechnologies, WI, USA) at 55°C for 5 min. The target DNA along with reacted padlock
probes were captured onto magnetic particles via the biotinylated capture probes. This
was achieved by adding 50 ug Dynabeads MyOneTM Streptavidin T1 beads (Invitrogen)

to the hybridization/ligation reaction and incubating the sample at room temperature for 3
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min. Excess probes were eliminated by washing once with 100 yl washing buffer
containing 5 mM Tris-HCI (pH 7.5), 5 mM EDTA, 1 M NaCl, and 0.1% Tween-20. The
elimination of excess linear padlock probes is necessary, since these would otherwise
interfere negatively with the subsequent RCA reaction.

Reacted probes were amplified by C2CA, which includes serial enzymatic
reactions starting with RCA. The RCA reaction was initiated by the addition of 20 pl
ligation mixture containing 1x phi29 DNA polymerase buffer (Fermentas, Lithuania; 33
mM Tris-acetate (pH 7.9 at 37°C), 10 mM Mg-acetate, 66 mM K-acetate, 0.1% (v/v)
Tween-20, 1 mM DTT), 100 uM dNTPs, 0.2 ug/ul BSA, 25 nM primer, and 100 mU/ui
phi29 DNA polymerase. The reaction was incubated at 37°C for 11 min, and inactivated at
65°C for 1 min. The RCA products were digested at 37°C for 1 min by the addition of 3
units of Alul (New England Biolabs), 600 nM replication oligonucleotide, 0.2 pg/ul BSA in
1x phi29 DNA polymerase buffer, and the reaction was terminated at 65°C for 1 min.
Ligation, amplification and labelling reactions were performed by the addition of a mixture
containing 1.36 mM ATP, 100 uM dNTPs, 0.2 ug/ul BSA, 28 mU/ul T4 DNA ligase and
120 mU/ul phi28 DNA polymerase in 1x phi29 DNA polymerase buffer to a final volume of
50 pl. The reactions were incubated at 37°C for 7 min, and terminated at 65°C for 1 min.
The above was repeated once.

After the last RCA reaction fluorescent labelled oligonucleotides complementary to the
RCP was added at a concentration of 5nM each. The reaction was incubated at 65°C for 2
minutes followed by 5 minutes at 37°C and allowed to cool down.

The samples were then injected into Aquila 400, (United States Patent Application
No. 61/979319) and number of RCP products were recorded as described in Jarvius et al,
2006 (Jarvius J., et al, Nature Methods 3, 725 - 727 (2006). The number of RCP products
detected for the bacterial sample grown at each concentration of Ciprofloxacin and
Cefotaxime is shown in Figure 4. This data was used to estimate an MIC concentration for

each antibiotic.

Example 5 - Strategy for probe design.

Identification of the pathogen can performed in multiplex. For this each included
pathogen has up to three specific capture oligonucleotides used to fish out the target
DNA. Each pathogen also has up to three specific padlock probes hybridizing to the target
near to the respective capture oligonucleotides. The process for designing ASMD probe
sets can be divided into two main steps: finding optimal target regions and designing the

probe sequences.
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Below is a further breakdown of the design process: Finding genomic targets -
Acquire microbial genome sequences from a genome database (e.g. NCBI) - Partition
genome sequences into target and background groups. - If more than one target genome,
search for sequences common to all. - Apply a set of filters to remove low-complexity
candidates (homopolymers, high/low %-GC, repeats, etc.) - Background filtering:
candidates with high sequence similarity to genomes in background partition are
discarded. - Report accepted candidates. Make probes - Load genomic targets to which
probes will be designed (selected in the step above) - Choose settings (probe length,
melting temperatures, hetero/homodimer filter, ligation filter, etc.) - Find optimal probe
sequences. - Present passed candidates and a short design summary.

The probes used for filtering and recognition of genomic DNA targets are made up
as shown in Figure 5. The capture probe brings target fragments onto solid phase, and
the padlock then binds to its target, gets ligated into a circle and is amplified in the
subsequent C2CA reaction. The padlock has two target-complementary parts (5°/3’-arms)
and a backbone with sites for detection (generic), restriction digestion and priming
(generic), and array oligo hybridization (unigue). The backbone parts are referred to as
DO, RO, and AO in Figure 5. The capture oligo consists of a target complementary part, a

CT-linker and a biotin for attachment to solid phase.
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CLAIMS:

1. A method for detecting and characterising a microorganism in a clinical sample,
said method comprising:

a) introducing a clinical sample to a first culture vessel containing culture medium,

b (i)) simultaneously transporting and incubating the clinical sample, wherein said
transporting and incubating comprises placing the first culture vessel in a thermally
insulated compartment of a sealable container, heating the clinical sample to a
temperature suitable for pre-culturing of the sample, wherein the thermally insulated
compartment and the heating are used to keep the clinical sample at the temperature
suitable for pre-culturing during transport of the sample, thereby to pre-culture the clinical
sample;

b (ii)) optionally continuing to culture said clinical sample in said first culture vessel;

b (iii}) optionally removing a portion of the clinical sample culture from said first
culture vessel, and introducing said portion to a second culture vessel containing culture
medium, and optionally preculturing said portion in said second culture vessel;

¢) removing a test aliquot from said first and/or second culture vessel, and
continuing to culture said clinical sample and/or portion in said first and/or second culture
vessel;

and separating DNA from the test aliquot and performing nucleic acid tests on the
DNA to identify a microorganism and/or to detect the presence or absence of one or more
genetic antimicrobial resistance markers in the microorganism, and/or determining the

antimicrobial susceptibility of a microorganism in the clinical sample.

2. The method of claim 1, wherein the nucleic acid tests are be performed using:

i) one or more nucleic acid probes and/or primers for microbial identification, a
probe or primer thereof being capable of hybridising specifically to, or a primer thereof
being capable of selectively amplifying, a nucleotide sequence which is identificatory of a
given microorganism; and/or

ii) one or more nucleic acid probes and/or primers for antimicrobial resistance
marker detection, a probe or primer thereof being capable of hybridising specifically to, or
a primer thereof being capable of selectively amplifying, a nucleotide sequence

representing a genetic antimicrobial resistance marker.

3. The method of claim 1, wherein said one or more tests comprises performing an

antimicrobial susceptibility test on a cultured clinical sample and/or portion from step (c),
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wherein microbial growth in the antimicrobial susceptibility test is monitored by assessing

growth or markers for growth.

4. The method of any one of claims 1 to 3, said method comprising:
a) introducing a clinical sample to a first culture vessel containing culture medium;
b (i)) simultaneously transporting and incubating the clinical sample, wherein said
transporting and incubating comprises placing the first culture vessel in a thermally
insulated compartment of a sealable container, heating the clinical sample to a
temperature suitable for pre-culturing of the sample, wherein the thermally insulated
compartment and the heating are used to keep the clinical sample at the temperature
suitable for pre-culturing during transport of the sample, thereby to pre-culture the clinical
sample;
b (ii)) optionally continuing to culture said clinical sample in said first culture vessel;
b (iii)) optionally removing a portion of the clinical sample culture from said first
culture vessel, and introducing said portion to a second culture vessel containing culture
medium, and optionally preculturing said portion in said second culture vessel;
¢) removing a test aliquot from said first and/or second culture vessel, and
continuing to culture said clinical sample and/or portion in said first and/or second culture
vessel;
d) separating DNA from said test aliquot;
e) performing nucleic acid tests on said DNA to identify the microorganism and to
detect the presence or absence of one or more genetic antimicrobial resistance markers
in said microorganism, wherein said nucleic acid tests are performed using:
i) one or more nucleic acid probes and/or primers for microbial
identification, a said probe or primer being capable of hybridising
specifically to, or a said primer being capable of selectively ampilifying, a
nucleotide sequence which is identificatory of a given microorganism; and
i) one or more nucleic acid probes and/or primers for antimicrobial
resistance marker detection, a said probe or primer being capable of
hybridising specifically to, or a said primer being capable of selectively
amplifying, a nucleotide sequence representing a genetic antimicrobial
resistance marker;

and it is detected whether or not said probes and/or primers have hybridised to said DNA

and/or said primers have been extended (e.g. an amplification reaction has taken place);

and
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) if a microorganism is identified in step (e), performing an antimicrobial
susceptibility test on said cultured clinical sample and/or portion from step (¢), wherein
microbial growth in said antimicrobial susceptibility test is monitored by assessing growth
or markers for growth, and wherein the type and concentration of antimicrobial agents
used in said antimicrobial susceptibility test is determined by the identity of the
microorganism and antimicrobial resistance markers detected in step (e), and optionally
continuing to culture said clinical sample and/or portion in said first and/or second culture

vessel.

5. The method of any one of claims 1 to 4, said method comprising:

a) introducing a clinical sample to a culture vessel containing culture medium;

b (i)) simultaneously transporting and incubating the clinical sample, wherein said
transporting and incubating comprises placing the culture vessel in a thermally insulated
compartment of a sealable container, heating the clinical sample to a temperature suitable
for pre-culturing of the sample, wherein the thermally insulated compartment and the
heating are used to keep the clinical sample at the temperature suitable for pre-culturing
during transport of the sample, thereby to pre-culture the clinical sample;

b (ii)) optionally continuing to culture said clinical sample in said culture vessel
flask;

¢) removing a test aliquot from said culture vessel, and continuing to culture said
clinical sample in said culture vessel;

d) separating DNA from said test aliquot;

e) performing nucleic acid tests on said DNA to identify the microorganism and to
detect the presence or absence of one or more genetic antimicrobial resistance markers
in said microorganism, wherein said nucleic acid tests are performed using:

i) one or more nucleic acid probes and/or primers for microbial
identification, a said probe or primer being capable of hybridising
specifically to, or a said primer being capable of selectively amplifying, a
nucleotide sequence which is identificatory of a given microorganism; and
ii) one or more nucleic acid probes and/or primers for antimicrobial
resistance marker detection, a said probe or primer being capable of
hybridising specifically to, or a said primer being capable of selectively
amplifying, a nucleotide sequence representing a genetic antimicrobial

resistance marker;
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and it is detected whether or not said probes and/or primers have hybridised to said DNA
and/or said primers have been extended (e.g. an amplification reaction has taken place);
and

f) if a microorganism is identified in step (e), performing an antimicrobial
susceptibility test on said cultured clinical sample from step (c), wherein microbial growth
in said antimicrobial susceptibility test is monitored by assessing growth or markers for
growth, and wherein the type and concentration of antimicrobial agents used in said
antimicrobial susceptibility test is determined by the identity of the microorganism and
antimicrobial resistance markers detected in step (e), and optionally continuing to culture

said clinical sample in said culture vessel.

6. The method of any one of claims 1 to 4, said method comprising

a) introducing a clinical sample to a first culture vessel;

b (i)) simultaneously transporting and incubating the clinical sample, wherein said
transporting and incubating comprises placing the first culture vessel in a thermally
insulated compartment of a sealable container, heating the clinical sample to a
temperature suitable for pre-culturing of the sample, wherein the thermally insulated
compartment and the heating are used to keep the clinical sample at the temperature
suitable for pre-culturing during transport of the sample, thereby to pre-culture the clinical
sample;

b (ii})) optionally continuing to culture said clinical sample in said first culture vessel;

b (iii)) removing a portion of the clinical sample culture from said first culture
vessel, and introducing said portion to a second culture vessel containing culture medium
and optionally preculturing said portion in said second culture vessel;

¢) removing a test aliquot from said second culture vessel, and continuing fo
culture said portion in said second culture vessel;

d) separating DNA from said test aliquot;

e) performing nucleic acid tests on said DNA to identify the microorganism and to
detect the presence or absence of one or more genetic antimicrobial resistance markers
in said microorganism, wherein said nucleic acid tests are performed using:

i) one or more nucleic acid probes and/or primers for microbial
identification, a said probe or primer being capable of hybridising
specifically to, or a said primer being capable of selectively amplifying, a
nucleotide sequence which is identificatory of a given microorganism; and
ii) one or more nucleic acid probes and/or primers for antimicrobial resistance marker

detection, a said probe or primer being capable of hybridising specifically to, or a
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said primer being capable of selectively amplifying, a nucleotide sequence

representing a genetic antimicrobial resistance marker;

and it is detected whether or not said probes and/or primers have hybridised to
said DNA and/or said primers have been extended (e.g. an ampilification reaction has
taken place); and

f) if a microorganism is identified in step (e), performing an antimicrobial
susceptibility test on said cultured portion from step (c), wherein microbial growth in said
antimicrobial susceptibility test is monitored by assessing growth or markers for growth,
and wherein the type and concentration of antimicrobial agents used in said antimicrobial
susceptibility test is determined by the identity of the microorganism and antimicrobial
resistance markers detected in step (e), and optionally continuing to culture said portion in

said second culture vessel.

7. The method of any one of claims 4 to 6, wherein said clinical sample and/or
portion is further cultured following step (f) if no microorganism strain is identified in step
(e) to enable further microbial identification and antimicrobial susceptibility tests to be

performed to identify the microorganism and determine its antimicrobial resistance profile.

8. The method of any one of claims 1 to 7, wherein the sample is agitated during step

(b)(i)-

9. The method of any one of claims 1 to 8, wherein the clinical sample is maintained
at a temperature of 25-35°C for pre-culturing the sample, preferably wherein the clinical

sample is maintained at a temperature of 30-35°C.

10. The method of any one of claims 1 to 9, wherein pre-culture is performed for 1 to 6

hours.

11. The method of any one of claims 1 to 10, wherein the first culture vessel is a blood

culture flask.

12. The method of any one of claims 1 to 11, wherein microbial growth is measured

prior to step (b)(ii), and/or prior to step (c).

13. The method of any one of claims 1 to 12, wherein microbial growth is assessed by

determining the amount of microbial cell matter present in a sample.
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14. The method of claim 13 wherein the amount of microbial cell matter presentin a
sample is determined by determining the amount and/or number and/or size of

microorganisms and/or microbial colonies or aggregates.

15. The method of claim 12 or 14 wherein the amount of microbial cell matter present

in a sample is determined by imaging.

16. The method of any one of claims 12 to 15 wherein the amount of microbial cell
matter present in a sample is determined by measuring the area of microbial biomass by

imaging.

17. The method of any one of claims 1 to 16 wherein the first culture vessel contains
culture medium contains an agent which neutralises the presence of any antimicrobial

agents present in the clinical sample.

18. The method of any one of claims 1 to 17 wherein microbial DNA is selectively

separated or enriched from said test aliquot.

19. The method of any one of claims 4 to 18 further comprising a step of separating or

enriching microorganisms from or in the test aliquot prior to or concurrently with step (d).

20. The method of any one of claims 4 to 19, wherein steps (c) to (e) are repeated one

or more times.

21. The method of any one of claims 4 to 20 wherein in step (e)(i) and/or (ii)

hybridisation probes are used.

22. The method of claim 21 wherein said hybridisation probes are padiock probes
comprising 5" and 3’ ends that can hybridise to an identificatory or antimicrobial resistance

marker nucleotide sequence.

23. The method of claim 22 wherein a circularised padlock probe is detected by rolling

circle amplification (RCA).

24, The method of clam 23, wherein the RCA is or comprises circle-to-circle
amplification (C2CA) in which a RCA product is cleaved into monomers, and the

monomers are circularised and used as templates for a further RCA reaction.



10

15

20

25

30

35

WO 2017/182645 PCT/EP2017/059542
-85-

25. The method of claim 23 or 24, wherein an RCA product is detected by cleaving the
RCA product into monomers, hybridising said monomers onto an array and detecting the

monomers on the array.

26. The method of any one of claims 4 to 24 wherein in step (f) microbial growth is

determined by detecting a microorganism directly.

27. The method of claim 25, wherein the microorganisms are labelled with a stain and

detected.

28. The method of any one of claims 4 to 26, wherein for the nucleic acid tests of step

(e) separated DNA is immobilised using capture probes capable of hybridising to the DNA.

29. The method of any one of claims 4 to 27, wherein step (f) is performed if a single

microorganism is identified in step (e).

30. The method of any one of claims 4 to 27 wherein if two or more microorganisms
are identified in step (e), the clinical sample and/or portion is further cultured following
step (f) to enable further microbial identification and antimicrobial susceptibility tests to be

performed to identify the microorganism and determine its antimicrobial resistance profile.

31. A clinical sample testing system comprising:

a) a portable apparatus for transport and incubation of a clinical sample in a first
culture vessel, the apparatus comprising: a sealable container having a thermally
insulated compartment for receiving the first culture vessel; a heater for heating
the clinical sample to a temperature suitable for pre-culturing of the sample; and

b) a microorganism detection device configured to receive said first culture vessel
and being arranged for culturing the clinical sample, said device comprising:

optionally a second culture vessel containing a culture medium;

optionally a portion removal device for removing a portion of the contents of
the first culture vessel and transferring the portion to the second culture vessel;

wherein the second culture vessel is arranged to receive a clinical sample
culture as the portion of the contents of the first culture vessel, and is arranged to
culture the portion;

the device further comprising:

a test aliquot extraction device for removing a portion of the contents of the

first and/or second culture vessel for use as a test aliquot; and
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a DNA testing device for separating DNA from said test aliquot, and performing

nucleic acid tests on said DNA to identify the microorganism and to detect the presence or

absence of one or more genetic antimicrobial resistance markers in said microorganism;

and/or an antimicrobial susceptibility test device for performing an antimicrobial

susceptibility test on said cultured clinical sample and/or cultured portion by monitoring

microbial growth by assessing growth or markers for growth; wherein the device is for

culturing the clinical sample and/or portion after extraction of the test aliquot, and

optionally before extraction of the test aliquot

32.

The clinical sample testing system of claim 31, wherein the DNA testing device is

arranged to perform the nucleic acid tests using:

33.

b)

i. one or more nucleic acid probes or primers for microbial
identification, a said probe or primer being capable of hybridising specifically to, or
a said primer being capable of selectively amplifying, a nucleotide sequence which
is identificatory of a given microorganism; and

ii. one or more nucleic acid probes or primers for antimicrobial
resistance marker detection, a said probe or primer being capable of hybridising
to, or a said primer being capable of selectively amplifying, a nucleotide sequence
representing a genetic antimicrobial resistance marker;

and it is detected whether or not said probes or primers have hybridised to
said DNA and/or whether or not said primers have taken part in an amplification

reaction.

The clinical sample testing system of claim 31, comprising:
a portable apparatus for transport and incubation of a clinical sample in a first
culture vessel, the apparatus comprising: a sealable container having a thermally
insulated compartment for receiving the first culture vessel; a heater for heating
the clinical sample to a temperature suitable for pre-culturing of the sample; and
a microorganism detection device configured to receive said first culture vessel
and being arranged for culturing the clinical sample, said device comprising:
optionally a second culture vessel containing a culture medium;
optionally a portion removal device for removing a portion of the contents of
the first culture vessel and transferring the portion to the second culture vessel;
wherein the second culture vessel is arranged to receive a clinical sample
culture as the portion of the contents of the first culture vessel, and is arranged to

culture the portion;
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the device further comprising:

a test aliquot extraction device for removing a portion of the contents of the
first and/or second culture vessel for use as a test aliquot; and

a DNA testing device for separating DNA from said test aliquot, and
performing nucleic acid tests on said DNA to identify the microorganism and to
detect the presence or absence of one or more genetic antimicrobial resistance
markers in said microorganism, wherein the DNA testing device is arranged to
perform the nucleic acid tests using:

i. one or more nucleic acid probes or primers for microbial identification, a
said probe or primer being capable of hybridising specifically to, or a said
primer being capable of selectively amplifying, a nucleotide sequence
which is identificatory of a given microorganism; and

il. one or more nucleic acid probes or primers for antimicrobial resistance
marker detection, a said probe or primer being capable of hybridising to, or
a said primer being capable of selectively amplifying, a nucleotide
sequence representing a genetic antimicrobial resistance marker;
and it is detected whether or not said probes or primers have hybridised to

said DNA and/or whether or not said primers have taken part in an amplification

reaction;

wherein the microorganism detection device is arranged such that: if the
given microorganism is identified by the DNA testing device, then the cultured
clinical sample and/or cultured portion produced by the first culture vessel and/or
second culture vessel by culturing after extraction of the test aliquot is passed to
an antimicrobial susceptibility test device for performing antimicrobial susceptibility
test on said cultured clinical sample and/or cultured portion by monitoring microbial
growth by assessing growth or markers for growth, and wherein the type and
concentration of antimicrobial agents used in said antimicrobial susceptibility test is
determined by the identity of the microorganism and antimicrobial resistance
markers detected by the DNA testing device;

wherein the device is for culturing the clinical sample and/or portion after

extraction of the test aliquot, and optionally before extraction of the test aliquot.

The clinical system testing system of claim 31, wherein the microorganism

detection device comprises:

a test aliquot extraction device for removing a portion of the contents of the

first culture vessel for use as a test aliquot; and
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a DNA testing device for separating DNA from said test aliquot, and
performing nucleic acid tests on said DNA to identify the microorganism and to
detect the presence or absence of one or more genetic antimicrobial resistance
markers in said microorganism, wherein the DNA testing device is arranged to
perform the nucleic acid tests using:

i. one or more nucleic acid probes or primers for microbial identification, a
said probe or primer being capable of hybridising specifically to, or a said
primer being capable of selectively amplifying, a nucleotide sequence
which is identificatory of a given microorganism; and

ii. one or more nucleic acid probes or primers for antimicrobial resistance
marker detection, a said probe or primer being capable of hybridising to, or
a said primer being capable of selectively amplifying, a nucleotide
sequence representing a genetic antimicrobial resistance marker;
and it is detected whether or not said probes or primers have hybridised to

said DNA and/or whether or not said primers have taken part in an amplification

reaction;

wherein the microorganism detection device is arranged such that: if the
given microorganism is identified by the DNA testing device, then the cultured
clinical sample produced by the first culture vessel by culturing after extraction of
the test aliquot is passed to an antimicrobial susceptibility test device for
performing antimicrobial susceptibility test on said cultured clinical sample by
monitoring microbial growth by assessing growth or markers for growth, and
wherein the type and concentration of antimicrobial agents used in said
antimicrobial susceptibility test is determined by the identity of the microorganism
and antimicrobial resistance markers detected by the DNA testing device;

wherein the device is for culturing the clinical sample after extraction of the

test aliquot, and optionally before extraction of the test aliquot.

The clinical sample testing system of claim 31, wherein the microorganism
detection device comprises:

a second culture vessel containing a culture medium;

a portion removal device for removing a portion of the contents of the first
culture vessel and transferring the portion to the second culture vessel,

wherein the second culture vessel is arranged to receive a clinical
sample/medium mixture or a clinical sample culture as the portion of the contents

of the first culture vessel, and is arranged to culture the portion;
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the device further comprising:

a test aliquot extraction device for removing a portion of the contents of the
second culture vessel for use as a test aliguot; and

a DNA testing device for separating DNA from said test aliquot, and
performing nucleic acid tests on said DNA 1o identify the microorganism and to
detect the presence or absence of one or more genetic antimicrobial resistance
markers in said microorganism, wherein the DNA testing device is arranged to
perform the nucleic acid tests using:

i. one or more nucleic acid probes or primers for microbial identification, a
said probe or primer being capable of hybridising specifically to, or a said
primer being capable of selectively amplifying, a nucleotide sequence
which is identificatory of a given microorganism; and

ii. one or more nucleic acid probes or primers for antimicrobial resistance
marker detection, a said probe or primer being capable of hybridising to, or
a said primer being capable of selectively amplifying, a nucleotide
sequence representing a genetic antimicrobial resistance marker;
and it is detected whether or not said probes or primers have hybridised to

said DNA and/or whether or not said primers have taken part in an amplification

reaction;

wherein the microorganism detection device is arranged such that: if the
given microorganism is identified by the DNA testing device, then the cultured
portion produced by the second culture vessel by culturing after extraction of the
test aliquot is passed to an antimicrobial susceptibility test device for performing
antimicrobial susceptibility test on said cultured portion by monitoring microbial
growth by assessing growth or markers for growth, and wherein the type and
concentration of antimicrobial agents used in said antimicrobial susceptibility test is
determined by the identity of the microorganism and antimicrobial resistance
markers detected by the DNA testing device;

wherein the device is for culturing the portion after extraction of the test

aliquot, and optionally before extraction of the test aliquot.

The clinical sample processing system of any one of claims 31 to 35, wherein the
microorganism detection device further cultures said clinical sample and/or
cultured portion in the first and/or second culture vessel if the given microorganism
is not identified by the DNA testing device to enable further microbial identification

and antimicrobial susceptibility tests to be performed after additional culturing in
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order to identify the microorganism and determine its antimicrobial resistance

profile.

The clinical sample testing system of any one of claims 31 to 36, wherein the
microorganism detection is arranged to perform the method of any of claims 5 to
31.

The clinical sample testing system of any one of claims 31 to 37, wherein the
portable apparatus comprises a controller for controlling the heater to maintain a
pre-set temperature and/or for controlling an agitator to apply a predetermined

degree of agitation.

The clinical sample testing system of any one of claims 31 to 38, wherein the
portable apparatus comprises a temperature sensor for monitoring the

temperature in the compartment.

The clinical sample testing system of any one of claims 31 to 39, wherein the

portable apparatus comprises an agitator for agitating the sample.

The clinical sample testing system of claim 40, wherein the portable apparatus

comprises an accelerometer for monitoring the agitation of the sample.

The clinical sample testing system of claim 39 or 41, wherein the agitator
comprises an eccentric cam coupled to the first culture vessel and a motor which

drives the cam.

The clinical sample testing system of any one of claims 39 to 42 wherein the
agitator provides for mounting of the first culture vessel to a rotation device with an
axis of symmetry of the first culture vessel out of alignment with the axis of rotation

of the rotation device.

The clinical sample testing system of claim 43, wherein the rotation device is a
wheel and the apparatus is arranged so that the first culture vessel is held on the
wheel for rotation with the wheel, so that the first culture flask has its base non-

parallel with the radial direction of the wheel.
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The clinical sample testing system of any one of claims 39 to 44, wherein the
portable apparatus comprises a sleeve for holding the first culture vessel within the
thermally insulated compartment, wherein the sleeve and the first culture vessel
are moved by the agitator in order to mechanically agitate the first culture vessel

and thereby agitate the sample.

The clinical sample testing system of claim 45, wherein the sleeve is arranged to
resiliently deform during insertion and removal of the first culture vessel, and to
hold the flask securely due to the resilience of the sleeve whilst the first culture

vessel is fully inserted

The clinical sample testing system of claim 46, wherein the sleeve comprises
resilient tines arranged to clasp a shoulder of the first culture vessel when the first
culture vessel is inserted, and to be pushed resiliently outwardly and pass around
a circumference of the main body of the first culture vessel when the first culture

vessel is being inserted or removed.

The clinical sample testing system of any one of claims 31 to 47, wherein the
clinical sample testing system comprises the first culture vessel and wherein the

first culture vessel is a blood culture flask.

The clinical sample testing system of any one of claims 31 to 48, wherein the
portable apparatus comprises a sensor for determining if the sample is positive for

microbial growth.

The clinical sample testing system of any one of claims 31 to 49, wherein the DNA

testing device is arranged to use hybridisation probes.

The clinical sample testing system of claim 50, wherein the said hybridisation
probes are padlock probes comprising 5’ and 3’ ends that can hybridise to an
identificatory or antimicrobial resistance marker nucleotide sequence and the DNA
testing device is arranged to detect a circularised padlock probe by rolling circle
amplification (RCA).
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