Apparatus and method for detection of organisns Technical Field The present
invention relates to an apparatus and nethod for the detection of

or gani snmeWoI2e10pidpilcul ar, the invention relates to an appals&eRuy/and4 met hod
for the detection of organisns froma fluid such as, for exanple, a water
sanpl e. Background M crobial contam nation of drinking water is a major
probl emin devel oping as well as devel oped countries. Qutbreaks of and even
fatalities fromserious enteric disorders have been reported. The cause of
each different outbreak may be due to different culprit m croorgani sns.
Water nonitoring is very inportant, with a view to safeguardi ng public

heal th by conplying with stringent water standards. Water supply
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There are two critical checkpoints for water monitoring ~ the water reservoir and the

public distribution pipeline system. The water reservoir usually has a centralised
system for treatment of water. Water treatment, including chlorination, ozone and UV
treatment may be carried out at treatment plants to inactivate or eliminate pathogens
20  and make water safer to drink.
In addition, the distribution channels may be prane to contamination by microorganisms
and it is also important to monitor the distribution channels. As it is important to monitor
water treatment and also what is entering homes of consumers, water authorities have
implemented stringent water safety policies and water companies are under increasing
25  pressure to comply with the strict regulations.
Conventional testing methods for the presence of microorganisms include cell culturing
which may take a few days to obtain tests results, leading to delays or a failure to alert
consumers or the water authorities until it is too late, by which time many cases of
infection may have already been reported. A second method for testing for the
30  presence of microorganisms is by staining a concentrated sample and observation by
microscopy. However, this test requires a large number of celis to be present in the
sample and there is the possibility that the pathogens may not be observed and remain

undetected. In addition, such conventional test methods are manually conducted and



sanple and there is the possibility that the pathogens may not be observed
and remain undetected in addition, such conventional test nethods are
manual | y WORdWk1EB#1andi nvol ve several sanple transfers RRISEH2MAP0M4SAd t o
loss in sensitivity at every stage and may thus generate unreliable
results. There have been reported cases where hazardous bacteria |ike
Escherichia coli OL57:H7, Salnonella, Shigella come to light only after 6-8
days, followi ng the reporting of a few cases of infection with disease.
Cryptosporidiumis an exanple of a pathogen spread by contam nated water.
Cryptosporidiumis a protozoan human parasite that infects and invades the
intestinal tract causing severe diarrhoea synptons for a few weeks.
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standalone equipment, numerous sample transfers and are time consuming and
involve high costs to water companies, including field samples transportation costs,
faboratory costs, certificates of inspection costs. Moreover, theses assays are also
20  highly dependent on the operator’s technical efficiency in interpreting the resulis.
Further, water treatment may also affect the manitaring of water for organisms post-
treatment. For example, although UV treatment of water may cause Cryptosporidium
oocysts to lose infectivity, this treatment alters the membranes of Cryptosporidium and
renders them impermeable to the staining dyes and the presence of viable
25  Cryptosporidium oocysts may not be detected accurately.
It is therefore desirable to develop an improved water monitoring system that is rapid,
efficient and reliable.
Summary
The present invention relates to an apparatus and method for detecting organisms from
30  afiuid, for example a water sample.
According to a first aspect, there is provided an apparatus for detecting organisms from
a fluid comprising at least the following components:
(i) an inlet for introducing the fiuid into the apparatus;



According to a first aspect, there is provided an apparatus for detecting
organisns froma fluid conprising at | east the follow ng conponents: (i) an
inlet forWPROHHdOHiIlNng the fluid into the apparatus; (ii) PETSGReMOANISGH system
for trapping particles including organisnms fromthe fluid including a
systemconfigured to direct a flow of eluent to the filtration systemat a
pressure sufficient to rel ease trapped organisns into the eluent; and (iii)
a detection cartridge for detecting di3fferent organisns conprising at | east
an array of a plurality of assay chanbers connected via at |least a first
common channel, being a common inlet channel; and (iv) at |east one valve
for controlling fluid flow through the apparatus; wherein at |east
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a filtration a stgm for trapgl ng particles including organisns fromthe
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filtering the Tluid through the filtration systemto trap particles
i ncl U_?Jli ng”'g_rcﬁﬁ'lﬁ’f@'ﬁ% fromthe fluid and directing a flow of eluent through
the filtratiom)gysli@ny ah aPpRafBEIthfrismG fat Hasthe F@lloWELamipdreatped or gani sns
into the eluent; (gi allowing the eluent to flow via the conmon inl et
channel into at | ef58n B FoidRigAucg e FUdinte fie apRardtisige: and (d)
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organi sm The det e(f‘t,i on cartridge of the aéjcparat us may further conprise at
| east a second luid including a system configured to direct a flow of eluent to the

15 filtration system at a pressure sufficient to release trapped organisms

into the eluent; and
(iii) a detection cartridge for detecting different organisms comprising at
least an array of a plurality of assay chambers connected via at least a
first common channel, being a common inlet channel; and
20 (iv) at least one valve for controlling fluid flow through the apparatus;
wherein at least components (i) to (iii) are in fluid communication;
(b) introducing a fluid via the inlet into the apparatus;
filtering the fluid through the filtration system to trap particles including
organisms from the fluid and directing a flow of eluent through the filtration
25 system at a pressure sufficient to release trapped organisms into the eluent;
(c) allowing the eluent to flow via the common inlet channel into at least one
assay chamber of the cariridge; and
(d) performing at ieast one reaction to detect at least one species of organism.
The detection cartridge of the apparatus may further comprise at least a second
30 common channel connected to the plurality of assay chambers, being a common outlet
channel. Each assay chamber of the detection cartridge may further comprise at least

one dedicated inlet channel only to that particular assay chamber.



common channel connected to the plurality of assay chanbers, being a conmon
outl et channel. Each assay chanber of the detection cartridge may further
conpri se WO 2PWAdP74dne dedi cated inlet channel only to tR&T/SHANWI00USAr assay
chanber. The apparatus nmay be aut omated such that once the fluid is
introduced into the apparatus, there is little or no requirenent for
further user intervention and the apparatus perforns the detection reaction
and subsequently provides the detecti@n results. The user nay then review
and anal yse the detection results to determ ne the presence and/or identity
of organisns present in the fluid. Accordingly, the apparatus may include a
processor for automation. The processor nmay control the entire process of
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depicts a plan view, cross-sectional side view and an expl oded view of the
filter h&psdiption and figures below.

15  Brief description of the drawings

In order that the invention may be fully understood and readily put into practical effect
there shall now be described by way of non-limitative example only exemplary
embodiments, the description being with reference to the accompanying illustrative
drawings.
20  In the drawings:
Figure 1 shows a plan view of an exemplary embodiment of a base including various
components of the apparatus, fogether with a cross-sectional side view of the
apparatus along the line A-A.
Figure 2 shows a schematic representation of an example of the apparatus of the
25  present invention.
Figure 3(A)-(F) illustrates the steps in the method of the present invention.
Figure 4 shows an example of a filter hoider. Figure 4(A) depicts a perspective cut-
away view of the filter holder and Figure 4(B) depicts a plan view, cross-sectional side
view and an exploded view of the filter holder.
30  Figure 5 shows an example of a low pressure concentrator for concentrating a sample
to a predetermined volume.
Figure 6 illustrates a first embodiment of the method of concentrating a sample to a

predetermined volume with a low pressure concentrator.



Figure 5 shows an exanple of a | ow pressure concentrator for concentrating

a sanple to a predetermned volune. Figure 6 illustrates a first enbodi nent
of the meWAGHIf0BEdNcentrating a sanple to a predet er mi REA/SEEIIWBOMFth a
| ow pressure concentrator.Figure 7 illustrates a second enbodi nent of the

met hod of concentrating a sanple to a predetermined volunme with a | ow
pressure concentrator. Figure 8 shows an exanple of the detection cartridge
conprising two assay chanbers. Figure58(A) shows a plan view of the
detection cartridge and Figure 8(B) shows crosssectional side view of the
reaction cartridge along the line A-A of Figure 8(A). Figure 9 illustrates
the fluidic operation of |oading primers and PCR m xture and drai ni ng of
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detect nglgure %BI sshngsws]c ;Ophotograph of the fluidic operation of discharging a portion of
15  primers and washing of the detection cartridge prior to performing a subsequent round
of PCR. The arrows indicate the direction of fluid flow.
Figure 13 illustrates the initial steps of loading primers and PCR mixture for a
subsequent round of PCR.
Figure 14 shows a photograph of the initial steps of loading primers and PCR mixture
20  for a subsequent round of PCR.
Figure 15 illustrates an embodiment of the detection cartridge.
Definitions
Residual substances refer to any remaining substances other than the target
substance (e.g. DNA or antigen) to be detected and include but are not limited o
25  substances smaller than DNA, particles smaller than DNA, contaminants, impurities,
‘PCR inhibitors, chemicals and metal ions.

Detailed description of the exemplary embodimenis

The present invention relates to an apparatus and method for detecting organisms from
a fluid sample. The reaction to detect the organism may be detecting for DNA or
30 alternatively antigens specific to a particular species of organism. Detection of specific
DNA sequences may be by any conventional method, for example hybridisation to
specific probe sequences or using polymerase chain reaction (PCR). The detection of

specific antigens may be by a specific antibody-antigen reaction. In one particular



a fluid sanple. The reaction to detect the organism nmay be detecting for
DNA or alternatively antigens specific to a particular species of organism
Det ect i orwof208paei4fii c DNA sequences may be by any convemrCirseadoreeidsod, for
exanpl e hybridisation to specific probe sequences or using polynmerase chain
reaction (PCR). The detection of specific antigens nmay be by a specific
anti body-antigen reaction. In one particul arenbodi nent, the detection
reaction conprises the use of real-ting PCR for detecting anplified DNA of
specific organisns with specific priners. In an exenplary enbodi nent, sone
conmponents of the invention may be nounted onto a support. As shown in
Figure 1, the support may be in the formof a base 1 nmounted with various
conmponent e I e
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pinch valves. Each pinch valve typically comprises soft tubing 18 and bars 19 for

pinching the tubing. The pinching bars 19 act like fingers to pinch the tubing 18 to shut
20 the valve and reduce/stop fluid flow or, in the release position, to aliow almost
unobstructed fluid flow. The pmchmg bars 19 may each be independently actuated by
at least one motor.
Figure 2 shows a schematic representation of an example of the apparatus of the
present invention. Components of the apparatus mounted on the base 1 of Figure 1 are
25  shown inside a dashed line box 20. These components include a reservoir 4 for storing
the eluent, a filtration system including a filter holder 2 for trapping organisms, a
reservoir 5 for collecting organisms after being released from the filtration system, a
reaction chamber 8 for differentiating viable organisms, a cell lysis system 9, a filter 10
for substantially removing particles larger than DNA, a filter 11 for substantially
30 removing residual substances (e.g. substances or particles smaller than DNA,
contaminants, impurities, PCR inhibitors, chemicals or metal ions), a concentrator 12
for concentrating DNA test solution, a reservoir 6 for storing PCR master mix reagents,

a mixer 7 for thorough mixing of the PCR master mix with the DNA test soiution, and a



reaction chanmber 8 for differentiating viable organisns, a cell lysis
system9, a filter 10 for substantially renoving particles |arger than DNA
a filter WO2PHY1184bst anti al | y renovi ng resi dual subst an®€%/5Ga00§/00&5hst ances
or particles smaller than DNA, contam nants, inpurities, PCR inhibitors,
chem cals or netal ions), a concentrator 12 for concentrating DNA test
solution, a reservoir 6 for storing PCR master m x reagents, a mxer 7 for
t horough m xing of the PCR master m x7wth the DNA test solution, and aPCR
detection cartridge 3 with an array of assay chanbers. In particular, the
filter 11 may be for renoving chem cals, netal ions and ot her substances
smal l er than DNA that may inhibit the detection nethod (for exanple, PCR or
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54. A tank 55 for PCR nmaster m x may be connected to the PCR nmaster m X

reservoi re%'mr&@h valve 56. An inlet 57 for the fluid sanple and an
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pre-filter 59 for renoving |larger particles_and dirt_and a fl ow neter 60
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pump 42, a drain filter 43 and several pneumatic solenoid valves 44-52. An additional

20 tank 53 for eluent may be connected to the eluent reservoir 4 through a valve 54. A
tank 55 for PCR master mix may be connected fo the PCR master mix reservoir 6
through valve 56. An inlet 57 for the fluid sample and an outlet 58 for the filtered fluid
sample is also provided as shown. A pre-filter 59 for removing larger patrticles and dirt
and a flow meter 60 for measuring the volume of the fluid sample is also illustrated.

25  An exemplification of the components of the apparatus together with their operation
when the apparatus is in use and the method of the invention will now be described in
detail below, with reference to the embodiment shown in Figure 3.

The reservoir 4 is loaded with eluent 61 (e.g. 10 ml of an aqueous solution with
propidium monoazide) supplied from a tank 53. Another reservoir 6 is loaded with PCR

30 master mix 62 (e.g. 20 ul of buffer with dNTPs, fluorescence dye, PCR polymerase)
from another tank 55. At the start of operation, all the two-way valves 22-28 are
maintained in the closed position (Figure 3(A)). For example, the apparatus may be

connected directly to a water supply, for example, from the tap. As illustrated in Figure



detail below, with reference to the enbodi mrent shown in Figure 3. The
reservoir 4 is |oaded with eluent 6 1 (e.g. 10 m of an aqueous sol ution
wi th propwoizamvimonseazi de) supplied froma tank 53. Anot IRET/SGRE®NV®ISE 6 | S
| oaded with PCR master mx 62 (e.g. 20 ml of buffer wth dNTPs,

fl uorescence dye, PCR polynerase) from another tank 55. At the start of
operation, all the two-way val ves 22-28 are maintained in the closed
position (Figure 3(A)). For exanple, tfe apparatus nay be connected
directly to a water supply, for exanple, fromthe tap. As illustrated in
Figure3(B), the first valve 22 that regulates incomng water sanple is
opened. The water sanple flows into the sanple inlet 57, passes through a
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trapped orgjanpwne Thetwaterl thenentexd theriljratine systetnr at i on system An enbodi nment
of the figikLabl QAisystem as described in SG 200902067-8 may be used for the
pr esent a_gm US. The filtration systemas described in SG 200902091-1 and
PCT appli filbatiensysiereds designad tor trapping land| rairiesing riagidesy(efg. amganisms)
S&200902 f ) | ary
erbodi mort R Frf et g s Elstolf oDAERAES (RA! B or bROUFERT, DOV
menbri&ne the filtiatior sygterh sinder rrepsunie &l elepse trapped sroahismghistoahienabkiting the sane
size. In fphRntdcdhar enmbodi ment, the menbrane filter 64 is sandw ched

bet ween two support grids 63, 65 (Figure 4). The openings 77 of the upper
support dx emegdimept bethglfilteaiied system asheesspbed igSG 29089206768 mawdae wgdpor t

Gasket 74 barub ey ppRRls, Xhe tiftph Sy HBHNA LR YR 86 Al Mt " he
base 74 ryT Berligatiprantited Achilter't whieh tlaimel prioriv fvowh GEPA286¢ 1t may ethace
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of the upiesterisgppdiiter belfier gompviging a meadkene fiterlpempseing a plurality of pores
of substantially the same size. In a particular embodiment, the membrane filter 64 is
sandwiched between two support grids 63, 65 (Figure 4).
The openings 77 of the upper support grid 63 may be aligned with the openings 78 of
20  the lower support grid 65. The lower support grid 65 is mounted on top of a base 74
with a gasket 73 between them fo prevent leakage. The inner-upper surface of the
base 74 may be shaped to facilitate fluid flow downwards and to reduce residue build-
up. A lower opening 76 in the base 74 allows for inflow of the water sample and outflow
of eluent.
25 Aflow guide 71 is placed on top of the upper support grid 63, with a gasket 72 between
them to prevent leakage. A lid 70 is fitted on top of the flow guide 71. In the lid 70 there
is an upper opening 75 for outflow of the water sample and inflow of eluent (for back-
flushing).
When these components are secured together, a lower chamber 80 is formed between
30  the membrane filier 64 and the base 74, and an upper chamber 79 is formed between
the lid 77 and the membrane 64, as shown in Figure 4(B).
The filter holder 2, including the membrane filter 64 and two support grids 63 and 65, is
placed upright within the filiration system (Figure 3(A)). The upper opening 75 of the



themto prevent |eakage. Alid 70 is fitted on top of the flow guide 71. In
the lid 70 there is an upper opening 75 for outflow of the water sanple and
i nfl ow of WOIROWMII0OT4or backf |l ushi ng). When t hese conponeRC3/S&2¢0990¢4G+ ed
together, a | ower chanber 80 is fornmed between the nenbrane filter 64 and
the base 74, and an upper chanmber 79 is forned between the lid 77 and the
menbrane 64, as shown in Figure 4(B). The filter holder 2, including the
menbrane filter 64 and two support grigds 63 and 65, is placed upright
within the filtration system (Figure 3(A)). The upper opening 75 of
thefilter holder 2 is connected to a conmon port 8 1 of a three-port valve
21. A second port 82 of the three-port valve 2 1 is connected to an outl et

58 and ag g'hro%epené cthdc dCtB%n&)%rﬁ?n b 81 oela ‘ﬁ?r@é p%Hl%lv)é 21f AseBSRATROE,

reservoir contai ning el uent gure the start of oper ation
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connecti n f cl osed
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ch nber and exit he f1l hol der via the upper opening 75.
Typi cal | {Figures3(Blt er passes through the menbrane filter 64 at a pressure of
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the pressure er support grid [or | ower support grid 65
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substantla enove rger par icles like dirt and other inpurities which
may @&0og uphe’ ommgaﬁé ml@@w, e wWies PassRs Hirenphplie: membsans fiar (i alga

organis bdlnot baRor es of
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filter %(Ku?@ntlpsrtgﬁc{j&%lﬂrgg@lgk 'aﬁ@b?éis&n% cIurean iRehhicffi&s. Of specific sizes

as di scuss I'n the ove-ireferenced speC| ications. In gener al or ganl Sns,

whi ch t ypiheawatgr rampleshasi beerb peggidierech lyoughaprerfilienioP to b%‘bﬁﬁaﬁﬁ‘ilé‘dewvﬁm ng a
menbyane | r’ggrt Eé glés ‘M(é lirf aRP othe? iFBu@lesOntien Wiﬂy d B@ t%d ?r%nﬂfraﬁé‘ﬁlté?%éﬁs may

be varied &ccord requi rement. For exa for trap
Crypt os meed‘emmr\m W‘d@%(mﬂu@h@ oFgaisEsy frog erﬂ'ﬁ@tehs%?'?a?ﬁ@cﬁﬂl‘ £ospze may

be ~2 nm, @er th%ﬂf’fhé %Bré%r&atﬂé %@mbﬁahs ﬁﬁéﬂ%@fmbh%m@ew e meduend as
appr opri 6\1‘|tlter 64 as thea r}ﬁsdersamp% ﬂows tR?oruga the %ﬂte? tﬁggr an%hfeI ;laérgé of the
membrane filter 64 may be precisely fabricated to trap particles of specific sizes as
20 discussed in the above-referenced specifications. In general, organisms, which
typically have a size bigger than 0.45 pm will be trapped by using a membrane filter 64
with a pore size of 0.45 um. The size of the pores may be varied according to
requirement. For example, for trapping Cryptosporidium which are in the range of 3-6
pm, a suitable pore size may be ~2 um. For smaller organisms, the size of the pore
25 may be reduced as appropriate. The diameter d of the pores of the membrane filter
may, for example, be in the range of: 0.1 pm =d =10 pm.
The filtered water flowing through the upper opening 75 of the filter holder 2 contains
virtually no particles or organisms and eventually exits the apparatus via the outlet 58
(Figure 3(B)). The “purified” water may be collected on exit if required. In this step, 15
30 litres of a fluid sample (e.g. tap water) may be passed through the membrane filter
relatively quickly, such as in 20 minutes, with almost all particles (organisms,

pathogens etc) trapped by the membrane filter and/or retained in the lower chamber.



may, for exanple, be in the range of: 0.1 nmd = 10 mm The filtered water
fl owi ng through the upper opening 75 of the filter holder 2 contains

vi rtual | yYWRa0pParoT4dl es or organi sms and eventual |y exit $CTRE&2e09(9804a¢ us vi a
the outlet 58 (Figure 3(B)). The "purified" water may be collected on exit
if required. In this step, 15 litres of a fluid sanple (e.g. tap water) may
be passed through the nenbrane filter relatively quickly, such as in 20

m nutes, with alnost all particles (ot@ani snms, pathogens etc) trapped by
the menbrane filter and/or retained in the | ower chanber.The filtration
system al so i ncludes a systemconfigured to direct a flow of eluent through
the filtration systemat a pressure sufficient to rel ease trapped organi sns
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control |i he connection to the second reservoir 5 is also opened. The
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back alr pressure continues to HEI nt a| tﬁ el uent
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the valve,24 érﬁn%snofathé: deé?%uBBé*t bh@@5(aﬁbgﬂﬁv@oﬁélgéntaﬁ%rﬁ@)ﬂ)und@hpre@lsurﬂ ow may
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(organisms, pathogens etc) deposited on the pores of the lower surface of the
20 membrane filter 64. The particles flushed down from the membrane filter 64 together
with the particles retained in the lower chamber form efuent comprising organisms 66.
This process is known as “back-flushing”. As the air pressure continues to be
maintained, the eluent comprising organisms 66 flows to and collects in the second
reservoir 5, as the valve 24 is in a closed position (Figure 3(C) and (D)). The airflow
25 may be kept blowing through the membrane filter 64 for a further two minutes before
the air pressure control valve 44 is closed to ensure almost complete collection of all
the eluent comprising organisms 66 in the second reservoir 5 In addition, a reduced
pressure may be generated by closing additional air vent 45 and opening additional
vacuum control valve 46 to further assist the complete collection of the eluent
30 comprising organisms in reservoir 5 (Figure 3(D)). The filtration system may also

operate as a standalone component.



the air pressure control valve 44 is closed to ensure al nost conplete
collection of all the eluent conprising organisns 66 in the second

reservoi rwe@20H/deilt i on, a reduced pressure may be geneP&TEG2M9/080454i ng
additional air vent 45 and openi ng additional vacuum control valve 46 to
further assist the conplete collection of the eluent conprising organisns
inreservoir 5 (Figure 3(D)). The filtration systemnnay al so operate as a
st andal one conponent. Apparatus for reattion for differentiating organisns
In the enbodi nent shown in Figure 3, the next conponent is an apparatus for
a reaction for differentiating viable organisnms. An enbodi nent of an
apparatus for a reaction for differentiating viable organi sns has been
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reaction r| di'um conpound coval ent |y ding with nuycl gﬁl]go aci d
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al | owi.ng e anple to flow out of the reaction chanber 8 The
pheng‘gt hrcﬁe‘;é{il‘%t &rn%loun rrﬁnat be any phenant hri di um conpound cagabl
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and/ or the filtration system to flow into the substantially optically transparent reaction chamber

8, providing a phenanthridium compound capable of preferentially penetrating dead or
membrane-compromised over viable and/or substantially intact organisms to mix with
20 organisms in the eluent; exposing the eluent comprising organisms and
phenanthridium compound to light transmitted from a light source to the reaction
chamber 8 to enable a reaction of phenanthridium compound covalently binding with
nucleic acid molecules of penetrated dead or membrane-compromised organisms; and
allowing reacted fiquid sample to flow out of the reaction chamber 8. The
25  phenanthridium compound may be any phenanthridium compound capable of
preférentially penetrating dead or membrane-compromised cells over viable and/or
substantially intact cells. In an embodiment, the phenanthridium compound may be
propidium monoazide which may be included in the eluent as described above.
Alternatively, the phenanthridium compound need not be included in the eluent but may
30 be introduced separately into the reaction chamber. In one such embodiment, the
phenanthridium compound may be introduced separately into the reaction chamber 8
by preloading into the reaction chamber. The eluent comprising organisms mixes with

the preloaded phenanthridium compound as it enters the reaction chamber. In another



substantially intact cells. In an enbodi nent, the phenanthridi um conpound
may be propi di um nonoazi de which nmay be included in the eluent as described
above. AWORAHYI0EIly, the phenant hri di um conpound need RET/SER009H8¢45dHed i n
the eluent but may be introduced separately into the reaction chanber. In
one such enbodi nent, the phenanthridi um conmpound may be introduced
separately into the reaction chanber 8 by preloading into the reaction
chanber. The el uent conprising organi$hs m xes with the prel oaded
phenant hri di um conpound as it enters the reaction chanber. In

anot her enbodi nent, the eluent conprising organisnms nmay enter the reaction
chanber via a first inlet and the phenant hridi um conpound nay enter the
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chanber 8 incl udes nynber o n ad i CO t ol I t.he
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bend which may slow the flow of liquid through the chamber. Slowing the flow of fiuid
20 through the reaction chamber may thus enable the reaction to be substantially
completed as the fluid flows through the reaction chamber while exposed to the light
source. In the embodiment shown in Figure 3(E), the reaction chamber 8 inciudes a
number of bends. In addition, by controlling the opening and closing of the air pressure
contro! valve 47, the pulse ratio of the air pressure may be controlled and in turn, the
25  flow rate of the liquid through the reaction chamber 8 may be controlled. Accordingly,
the flow of fluid through the reaction chamber 8 may be manipulated/controlled by
either the channe! design and/or valves. The LED 29 may be configured to transmit
light to the reaction chamber 8 for a predetermined time. This predetermined time
should be sufficient to allow for a substantially complete reaction as the fluid flows
30 through the reaction chamber 8, for example 10 mins. The reacted liquid sample may
then exit the reaction chamber 8. Since most of the DNA of membrane-compromised
and/or dead organisms would be covalently bound to the phenanthridium compound

following the photo-crosslinking reaction, these covalently bound DNA will not be



the flow of fluid through the reaction chanber 8 may be

mani pul ated/ control l ed by either the channel design and/or valves. The LED
29 may bevOeATWIidlHéd to transmit light to the reaction ®RAMGEIIBG4SE a
predetermned tine. This predetermned tinme should be sufficient to allow
for a substantially conplete reaction as the fluid flows through the
reacti on chanber 8, for exanple 10 mns. The reacted |liquid sanple may then
exit the reaction chanber 8. Since nos3 of the DNA of nenbrane-conprom sed
and/ or dead organi sns woul d be covalently bound to the phenanthri di um
conpound follow ng the photo-crosslinking reaction, these covalently bound
DNA wi || not beavail able for the subsequent detection reaction(s). Only DNA
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sanple 6 recte 0 another optional conponent, the cell lysis
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for examplgusdy l)su@dﬁ%aﬂginatﬂ& e%wohﬁh%rﬁ ilu¥Ehed iy FiRFe BIF)OthbYoeli fysicaptem 9 or

(1) freezethavvln e.g. iquid nitrogen). In this optional step, t he
previ ouskgmprisgs @ g@@enaéorr%whlﬁl@@r%cﬁwé@swcrvgvgaé%r pspiing |°ﬁ9§)‘nt‘l’%‘ 35tqui d
sanpl e. Gahlp .Qgeé‘c%rl 9. Mﬁéo%noh\/{@r Q{é’r‘ﬁi’uv\ég b, \estiSerARethbas, %e@wﬁmof t he

lysi's reactor are opened, as lustrated in Figure 3(G). The t hree-port
ai r val ver fgcqrabingfon fﬁﬁﬁéﬁlé‘ﬂ b?cPeHPTn@ﬁ? t9r Preskingsyp the gpembrang op yrfacs, Kt er t he

lysigsre 9 t SREPh® 986 8dctée ok Y9 Pedz@aRAWNgaNd
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filter 1@e snwﬂpa@@é@ltfqaeﬁhdh thiseptiqnet sfepwinerprevieusly yablg ceismiay themae| i qui d
sanpl e ”%eBW@Fbl%e%NRWQtHéHIqQ%Ss%n’G&é ough a gel filtration colum 11 to
renove inpurities smaller than DNA nol ecules, e.g. inhibitors of PCR The
filtered Holleuing cell lysis, two pinch valves 25 and 26 downstream of the lysis reactor 9 are
opened, as illustrated in Figure 3(G). The three-port air valve 48 is then opened to
20 allow air pressure of ~ 2.5 bar to enter the lysis reactor 9, pushing the liquid sample out
of the lysis reactor and through a filter 10 to remove particles and dirt. DNA is not
retained by filter 10 and passes through the filter with the liquid sample. The liquid
sample may then be allowed to pass through a gel filtration column 11 to remove
impurities smaller than DNA molecules, e.g. inhibitors of PCR. The filtered liquid
25  sample 68 may then be collected in a concentrator chamber 12, displacing air from the
concentrator chamber 12 which leaks out through air vent 50.

|ow pressure concenirator

The concentrator, which is optional, may be a low pressure concentrator. After
substantially all the liquid sample has collected in the concentrator chamber 12, the
30 pinch valves 25, 26 and the air vent 50 are closed (Figure 3(H)). A vacuum control
valve 51 is then opened and a low pressure environment is generated inside the
concentrator chamber to an absolute pressure level of ~ 0.1 bar. A heater 31 in contact

with the concentrator chamber 12 is then turned on and heats the liquid sample 68 to



sanple 68 may then be collected in a concentrator chanber 12, displacing
air fromthe concentrator chanber 12 which | eaks out through air vent 50.
Low pressWPa0toiesmt rat or The concentrator, which i s opPCd&200998845be a | ow
pressure concentrator. After substantially all the liquid sanple has
collected in the concentrator chanber 12 the pinch valves 25, 26 and the
air vent 50 are closed (Figure 3(H)). A vacuumcontrol valve 5 1 is then
opened and a | ow pressure environment14 s generated inside the concentrator
chanber to an absolute pressure level of ~ 0.1 bar. A heater 3 1 in contact
with the concentrator chanber 12 is then turned on and heats the liquid
sanple 68 toboiling at a tenperature of ~ 50 OC to reduce the volunme to a
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a material of |ow thernpo-conductivity (e.qg. PTF i licone tubing).
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OUt et may also comprise at least one vapour autlet 93. The concentrator chamber 12 may
further comprise an inlet 95 for a liquid sample 68 to be concentrated, and/or an outlet
20 96 for a concentrated sample 69. The inlet 95 and the outlet 96 may be connected to
tubing 87, which may be of a material of low thermo-conductivity (e.g. PTFE or silicone
tubing). Liquid sample and air may enter the concentrator chamber through tubing
opening 92 while concentrated sample may exit or be collected via tubing outlet 91.
The low pressure concentrator may further comprise a condenser 32 between the
25  concentrator chamber 12 and the vacuum pump 42 for condensing vapour exiting the
concentrator chamber 12 into tubing 94 back into liquid. There is also provided three
valves 88, 89 and 90 connected with tubing for controliing liquid and air flow.
The first region 84 (the “high-temperature” region) may be heat-conductive (for
example, with walls made of metal) and may be heated by a temperature controlled
30 heater 31. The second region 85 (the “low-temperature” region comprises a low
thermo-conductivity region (for example, with walls made of polytetrafluoroethylene
(PTFE), a compound also known by the trade name Teflon). The inside walls of the

chamber 12 may be coated with a super hydrophobic or anti-adhesion layer 86 (e.g.



The | ow pressure concentrator may further conprise a condenser 32 between
the concentrator chanber 12 and the vacuum punp 42 for condensi ng vapour
exiting tWO220WdeHdr at or chanber 12 into tubing 94 backPChS62009000434 There
is also provided three val ves 88, 89 and 90 connected with tubing for
controlling liquid and air flow. The first region 84 (the

"hi gh-tenperature” region) may be heat-conductive (for exanple, with walls
made of netal) and may be heated by a qsenperature controll ed heater 31. The
second region 85 (the "l owtenperature” region conprises a |ow
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2 (heat conductive region) of the chamber wall is hot, e.g. at ~ 70 °C, while the
20 low thermo-conductivity region 85 and the tubing 87 is kept at a lower temperature.
During the evaporation process, the liquid sample 68 does not enter the tubing 87
because of the air trapped in the region of the tubing 87 between the outlet and the
closed valves 88, 89 and also because of capillary forces.
As the liquid sample evaporates, the volume decreases until the sampie level 98 is
25  lower than the first region 82 (heat conductive region). The concentrated sample 69 is
now within the second region 85 (“low-temperature” region or low thermo-conductivity
region of the chamber), as illustrated in Figure 6(B). Within this “low-temperature”
region, the evaporation rate is drastically reduced and a final volume is reached. The
final volume is dependent on the size of the low thermo-conductivity region 85 and the
30 final volume may be adjusted by modifying the size of the low thermo-conductivity
region 85 during the construction of the concentrator chamber. The endpoint of the
concentration process (i.e. when the final volume is reached) may be detected opfically

or estimated based on time. On reaching the endpoint or the final volume of the



cl osed val ves 88, 89 and al so because of capillary forces. As the liquid
sanpl e evaporates, the volune decreases until the sanple level 98 is | ower
t han t he worsto/megition 82 (heat conductive region). The ecmsSeatmaveds sanpl e
69 is now within the second region 85 ("l owtenperature” region or |ow
t her no- conductivity region of the chanber), as illustrated in Figure 6(B).
Wthin this "iowtenperature"” region, the evaporation rate is drastically
reduced and a final volune is reached.4gThe final volune is dependent on the
size of the | ow therno-conductivity region 85 and the final volunme nmay be
adj usted by nodifying the size of the | ow therno-conductivity region 85
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modifying the size of the low thermo-conductivity region 85 or the size and/or curvature

of the tubing 87.

20 As before, the endpoint of the concentration process, i.e. when the final volume is
reached, may be detected optically or estimated based on time. On reaching the
endpoint or the final volume, the vacuum and heater are turned off. The valve 89 is
closed, while the valves 88 and 90 are opened. The liquid sample may be forced out by
air pressure entering through tubing opening 92 or by suction through tubing outlet 91.

25  In the embodiments illustrated in Figure 5-7, the concentrated sample 69 exiting from
the tubing 91 may be collected.

The low pressure concentrator may achieve a high concentrationﬁ ratio, with a
concentration from an initial volume of millilitres to a final volume of micro-litres, a
concentration of a thousand fold or even more. The hydrophobic or anti-adhesion

30 coating may assist with high sample recovery with virtually no loss of sample. in
addition, the low pressure concentrator may concentrate to the final volume at a high

speed, for example from 15 mil to 5 ul within 5 minutes. The final volume of the



endpoint or the final volune, the vacuum and heater are turned off. The
valve 89 is closed, while the valves 88 and 90 are opened. The liquid
sanpl e mawokeldinoed out by air pressure entering throughTiSGhécgoeseni ng 92
or by suction through tubing outlet 91. In the enbodinments illustrated in
Figure 5-7, the concentrated sanple 69 exiting fromthe tubing 9 1 may be
coll ected. The | ow pressure concentrator nmay achi eve a high concentration
ratio, with a concentration froman imz7#ial volune of mllilitres to a
final volunme of mcro-litres, a concentration of a thousand fold or even
nore. The hydrophobi c or anti-adhesion coating may assist with high sanple
recovery with virtually no |l oss of sanple. In addition the | ow pressure
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mixture of DNA sample and PCR master mix to enter into a mixer 7 for thorough
mixing. The sample and PCR mixiure then enters a detection cartridge 3 (Figure 3(K)).
The detection cartridge comprises at least an array of a piurality of assay chambers 34

20 connected via at least a first common channel, being a common inlet channel. The
assay chambers 34 of the detection cartridge may be used for separaie PCR reactions
with different primers or used for replicates for the same PCR reaction (for reliability
and/or consistency). Multiplex PCR reactions may also be conducted in the assay
chambers 34.

25  The detection cartridge may further comprises a second common channel connecting
the assay chambers, being a common outlet channel and with a dedicated inlet to each
assay chamber and has been described in SG 200902060-3. Exemplary embodiments
of such a detection cartridge are also illustrated in Figures 8 and 15.

Referring to Figure 15, the detection cartridge may comprise a first test array of a

30  plurality of assay chambers 34 for analysis of test sample connected to a common inlet
channel 99, a second negative control array of a plurality of assay chambers 122 for
negative controi (e.g. PCR with no DNA template) reactions connected to a common

inlet channel 117 and at least one positive control assay chamber 123 for a positive



with different prinmers or used for replicates for the same PCR reaction
(for reliability and/or consistency). Miltiplex PCR reactions may al so be
conduct edVPR0tMd0HEsay chanbers 34. The detection cart r iPEGSGAHP/0PSE her
conprises a second common channel connecting the assay chanbers, being a
common outl et channel and wth a dedicated inlet to each assay chanber and
has been described in SG 200902060-3. Exenpl ary enbodi nents of such a
detection cartridge are also illustratgd in Figures 8 and 15. Referring to
Figure 15, the detection cartridge nay conprise a first test array of a
plurality of assay chanbers 34 for analysis of test sanple connected to a
common inlet channel 99, a second negative control array of a plurality of
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| oadi ng oépﬂre;sﬂiatsanpl e and PCR nmaster mx (wthout prinmers) which flowinto
the The common inlet channel 99 of the test array is connected to inlet opening 100. Each
assay chamber of the test array may be connected to the common intet channel 99 via
separate individual inlet bridges 101. The inlet opening 100 may be used for the
20 loading of test sample and PCR master mix (without primers) which flow into the
common inlet channel 99 and eventually flow into each individual assay chamber. Each
test assay chamber 34 has its own dedicated inlet channel 106 with opening 107 where
different primers may be introduced into each assay chamber 34 and in this way, each
assay chamber 34 of the test array may be used for a different PCR reaction. Each
25  outlet bridge 102 is connected to the common outlet channel 103 via a passive exit
valve. Each passive exit valve 104 may prevent or reduce liquid from exiting into the
outlet channel 103 during loading of each of the assay chambers.
The negative control array has a similar arrangement and negative control (no DNA)
and PCR master mix (without primers) may be introduced via loading inlet opening
30 115, and then flowing through the common inlet channel 117 into each negative assay
chamber 122 via inlet bridge 118. Each negative assay chamber 122 may be used as a
negative control for different primers introduced into the chamber via its dedicated inlet

channel 121 and opening 120. In practice, the primers for the negative control PCR



common inlet channel 99 and eventually flow into each individual assay
chanber. Each test assay chanber 34 has its own dedicated inlet channel 106
wi th operWAgIIi0Hher e different prinmers may be introdu®€d/SGRIY/BHGH assay
chanber 34 and in this way, each assay chanber 34 of the test array may be
used for a different PCR reaction. Each outlet bridge 102 is connected to
the comon outl et channel 103 via a passive exit valve. Each passive exit
val ve 104 may prevent or reduce liquidfJromexiting into the outlet channel
103 during | oading of each of the assay chanmbers. The negative control
array has a simlar arrangenent and negative control (no DNA) and PCR
master mx (wthout prinmers) may be introduced via | oading inlet opening

115, and then flow ng throygh the co i hl et channel 7 into each
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conplete filling.of the n Lve say chanbers 34 and 122, the contents of
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renoval oA dutsiledsddschptioth dfinthehdstéatioh darttidde fraPOR Wi foar benelgsdribed witint r ol
inlet channel 11 hrough the respecti v te ports 105 ar 11 .
respecti ve ?‘ff.en Z‘é&%ﬁ Pé%ma%éycFF@PE‘H??“éf"ﬁFﬁg%&e‘Pe@PF@ﬁ 'ar@gﬁl@ggmf)dls PCR
w || now behetlesic riepedentatitn oefties eleteetioro colmpoaxeniptiadiyig enled dhaml(s) 99,
illustrated in, Fi . _Figure.8(A) ,is schemat,i.c._ represent atian of the
det ect | onogt}?ﬁﬁgﬂ%%‘léﬁg?’u%ﬁsﬁ % ?ﬁ'te\{al‘%eﬁ n e’(dglﬁg'c G i 'ﬁ{ P@?n ﬁ&%i@é*('@ﬁlos,
passi & ekiidgeys) 1 ahd Ldlet dedbetst HOP fabriested mnpal(@ineth@6ijoxané e{PiviSHge( s)
101 and outlet, brid s) 10 abricated o ol. i et hyl si |l oxane) ( )
subst r at eSubpate; e hanes <sBRibRAina rRLofine Mt 8o Rkl eky”
chanber s) viddnlgi lridgel3t10Mri¢ dged for dédering RGR ehiktare @éthourtegrinegrs PaRvashitair e
(w thout prinmers), or washing, buffer_into assay chanmper 4. Excess PCR
m xture o uv%émont&eb?ﬁs%r&ﬁ&\?eﬁegfe%% P@%m@aﬁyg S’S%EQ %J%ené{nagn%e end of
t he i nl et reniaved dtom Wheter@sisi 06 at ahy ead bOtherinlgt ghizemenTheyaesise alges 04 r om
flow into the putlet .channel. 103 durin adi ng. e desjgns of the
oot 19 1 B pLe eabbestt e PER b, I O PubaRh B ul ¥ Ratce
evapor at i Vee ldesignglof ihegnIBCBtiddets)mdl1 anyicdutiet briddets)ded aratistended &t redbesnel s
106 may be used. for | padi i mers into-the say .ch ers. e qutl et
channel 189 vadbss. BRRh o Herreyeied The SeRRERY 4iPRTERhgs A8 SR s aa.
i nl et bri dgesfol Dadmgrioters itio the assay chambers. The outlet channel 103 may be used
for removing the liquid from the assay chambers 34, inlet bridges 101 and outlet
20 bridges 102. In an exemplary embodiment, the assay chambers 34 may be 8 mm long
and ~ 8 mm long and ~ 2 mm wide, with a volume of ~ 12.8 pl.
Figure 8(B) is a schematic diagram of a cross-section of Figure 8(A) along the line A-A
and illustrates a fabricated PDMS array 109 including inlet channel 99, assay chamber
34, outlet channel 103, and passive exit valves 104 with a PDMS bottom layer 108 and
25 a PDMS top layer 110. In an embodiment, the thickness of the array 109 inciuding the
assay chamber 34, the inlet channel 99, outlet channel 103, inlet bridge 101, outlet
bridge 102 and the passive exit valve 104 may be ~ 0.8 mm high.
Dedicated inlet channels to each assay chamber are optional. For example, in an
embodiment where the assay chambers are used for replicates for the same PCR
30 reaction mixture, the same PCR master mix comprising primers may be introduced into
the assay chambers through the common inlet channel. Dedicated inlet channels to
each assay chamber may accordingly be omitted in the detection cartridge. Dedicated

inlet channels to each assay chamber are optional even if different PCR primers are



bridges 102. In an exenplary enbodi ment, the assay chanbers 34 may be 8 mm
long and ~ 8 mmlong and ~ 2 mMmwide, with a volume of ~ 12.8 ml . Figure
8(B) is awechmymbi4se di agram of a cross-section of Fi gur @C3(Sapomloongst he
line A-A and illustrates a fabricated PDVS array 109 including inlet
channel 99 assay chanber 34, outlet channel 103, and passive exit valves
104 with a PDVS bottom | ayer 108 and a PDMS top |ayer 110. In an

enbodi nent, the thickness of the arraygl09 including the assay chanber 34,
the inlet channel 99, outlet channel 103, inlet bridge 101, outlet bridge
102 and the passive exit valve 104 may be ~ 0.8 nmm high. Dedicated inlet
channel s to each assay chanber are optional. For exanple, in an enbodinent

wh th h f th t
it ar e, 40 D4ne B cesRal oHAPesuis PERBTBH R e b PRl R, Faeega | nt o
t he assayastsbanhmmsertdmnog@rbrmb‘eorcofmdehenﬂ:c&tcarllmdgeel Dedi cat ed inl et

h I tt t t t
cartri dgd CEATEE Ik TIHAE Bhatrerion g e P e dRh maroas ebRefdeal even
i f differfartberRiussedrey BDMP uiset with 4 HECKHIE§§ ef erlL8 ass ayayciirainte pepasedPCR

t b ti f th

o e o ol AR 4 0o B e RATREG (0D Bl egl a1
det ecti on2. aa)rnnay dw tveh Ud;emtmworbéucfajdédned paitsms SsaudininkidBasha €29, wbsdy a
ot s s TG B 36 B0 B0L 4 G0 L BB P S Y e
be used thrlqgeadazendm PD&E pMetteThe;lasemhaﬁbelgt ~rol.eW whilaamesolGithn seditray
and out 1 & PseS PebeBFT o R RSPl T RSOl et B P sV W i
a resd utinen be@eeiedg)ffdforﬂtﬁﬁb peryiesubsiatel AAPDNIBRbD JlayEhé1@ist than lbbhdecbfo t he
PDVS not t ff f h
DN, not b EReRRaahbs B SyRE s TRy B BRR eRlinel s8R ETT

heet u ndey @DMT lap@istaret d &smatbesryi Hélmateta\mmméeldePDI\/S
Faggr 5uzlr%g@@g,{é%})éﬁq:ﬂmgﬁéﬁgggﬁ;{qus % esrw:;jl%&g (gontdeg w th Ia bottom
| ayer of 0 ' Rers may b8 Atroduced ih gadh® %%agﬁ%}'nber
and subst chamiber Iayd@ubetdntrallykdr@ddmm agiryng pexesH eblore bbmhdg e tdpePDBbIS PDIVB
I ayeryg Fllgge(e 9 illustrates as an exanple the fluidic operation of |oading

prlrrers and” PCR ni xture and drai ni ng of the cartridge. PCR primers 111 may
be di spensigdrei Dtlbistréies @ssaty ezdrapiecthe 3Widic aperation af éshdingl pimelsaame PCRO6 as

i1 Tustrat r%gddrg ﬁid%ﬁin%(é? thepgg?tridge. PCR primers 111 may be dispensed into the
assay chamber 34 via dedicated inlet channel 106 as illusirated in Figure 9(A). PCR
mixture 112 comprising DNA template is loaded via inlet opening 100 into inlet channel
20 99 (Figure 9(B)). The PCR mixture 112 flows into the assay chamber 34 via the inlet
bridge 101 by capillary action and mixes with the primers 111 displacing air out through
outlet channel 103 (Figures 9(B) and (C)). After filling the assay chambers 34, the PCR
mixture 112 flows into outlet bridge 102 but the flow stops at passive valve 104 due to
a passive valve effect. As illustrated in Figure 9(D) and (E), excess PCR mixture 112 in
25  the inlet channel 99 may be removed via waste port 105, and this may help in isolating
the liguid inside one assay chamber from another assay chamber.
The filled assay chambers may then be subjected to PCR thermal cycling. The
apparatus includes a thermal cycler 33 for the PCR reaction (Figure 3(K)). The thermal
cycler 33 may be in contact with the detection cariridge 3. In one embodiment, the PCR
30 may be real-time PCR and the apparatus includes an illuminator 35 and a detector 36
for fluorescence signal detection of the real-time PCR (Figure 3(K)).
After completion of thermal cycling, the PCR mixture 112 is then allowed to flow out of
the assay chamber into the outlet channel as illustrated in Figure 9(F). The flow of the



m xture 112 conprising DNA tenplate is | oaded via inlet opening 100 into
inlet channel 99 (Figure 9(B)). The PCR m xture 112 flows into the assay
chanber 3&Wowow/tiba1i nl et bridge 101 by capillary acti onrPam$Gaice®gossst h t he
prinmers 111 displacing air out through outlet channel 103 (Figures 9(B) and
(©). After filling the assay chanbers 34, the PCR m xture 112 flows into
outlet bridge 102 but the flow stops at passive valve 104 due to a passive
val ve effect. As illustrated in Figure9(D) and (E), excess PCR m xture 112
in the inlet channel 99 may be renoved via waste port 105, and this may
help in isolating the liquid inside one assay chanber from another assay
chanber. The filled assay chanbers may then be subjected to PCR ther mal
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i nl et chacomédrhiptidOB. tha bilssesiben arsylifipatonaaaction. YWedbing solution 113 is loaded
into the inlet opening 100 and flows into the inlet channel 99 (Figure 11(B)). The
20 washing solution 113 then fiows into the assay chamber(s) 34 and mixes with the
contaminated primers 114 (Figure 11(C)), After filling the assay chamber(s) 34, the
washing solution enters the outlet bridge(s) 102 and stops flowing at passive exit
valve(s) 104 due to the passive valve effect. Excess washing solution 113 in inlet
channel 99 may be removed via the waste port 105 at one end of the inlet channel 99
25  (Figure 11(D)). In the next step, washing solution 113 is allowed to flow into the outlet
channel 103 (Figure 11(E)). Upon filling the outlet channel 103, the contents of the
detection cartridge is then allowed to drain out, including the mixture of washing
solution and primers from the assay chamber(s) 34. (Figure 11(F)). As already
described above, the draining or emptying of the inlet bridge(s) 101, assay chamber(s)
30 34, outlet bridge(s) 102 and outlet channels 103 may also be facilitated by capillary
action and geometry of the detection cartridge. During this draining step, the control
valves of the dedicated inlet channel(s) 106 are closed o prevent the primers from

being drained any further. After the draining of the washing solution from the detection



contam nation in the subsequent anplification reaction. Washing sol ution
113 is |loaded into the inlet opening 100 and flows into the inlet channel
99 (Fi gur¥OR1Y741The washi ng sol ution 113 then fl ows PRTGGRHE/08&ISHY
chanber(s) 34 and mxes with the contam nated priners 114 (Figure 11(QC)),
After filling the assay chanber(s) 34, the washing solution enters the
outlet bridge(s) 102 and stops flow ng at passive exit valve(s) 104 due to
t he passive valve effect. Excess washigpg solution 113 in inlet channel 99
may be renoved via the waste port 105 at one end of the inlet channel 99
(Figure 11(D)). In the next step, washing solution 113 is allowed to flow

into the outlet channel 103 (Figure 11(E)). Upon filling the outlet channel
103, th t i tri o I ral t,
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detection cartridge. Priners agal n pense 0 tThe assay

chanber ( 9reingt KI0Jag Anetbel rosne ¢f PRiReampliigatins. Figurd 06 shP@Rarphotagraptld? i s
then | oadgd flh@ﬁ@oﬁé}gtiémb@foaﬁilﬂgrﬁ@ﬂ? p?i?ne\f.,%l.\lﬂla%d @?Q%Q&ﬁ#ﬂﬁx fQrn@ngkher
round of PCR anplification. Frgure 14 shows a phofograph o
round of PCR. Those of skill in the art will recognise that the detection cartridge may be
used once or repeatedly. As an example, the outlet bridge and/or the second common
20  channel, the outlet channel, may be omitted if the detection cartridge is for single use.
Those of skill in the art will also recognise that other components of the integrated
apparatus may also be cleaned by allowing washing solution to flow through the entire
apparatus. The integrated apparatus may accordingly be used repeatedly.
Whilst the foregoing description has described exemplary embodiments, it will be
25  understood by those skilled in the technology concerned that many variations in details of
design, construction and/or operation may be made without departing from the present

invention.



the fluidic operation of |oading PCR primers, DNA and PCR master m x for
the next round of PCR Those of skill in the art wll recognise that the
det ecti orWO201Wi1H¢ nay be used once or repeatedly. As EBRTELAMII08045¢ he

outl et bridge and/or the second common channel, the outlet channel, may be
omtted if the detection cartridge is for single use. Those of skill in the
art will also recognise that other conponents of the integrated apparatus
may al so be cl eaned by allowi ng washizgy solution to flow through the entire
apparatus. The integrated apparatus nmay accordingly be used repeatedly.
Whi | st the foregoing description has described exenplary enbodi nents, it

w Il be understood by those skilled in the technol ogy concerned that nmany
variatio Fairjng' details of design, construction and/ or operation nay be nade
wi t hout ting fromthe present invention.An apparatus for detecting

or gani snt. f r oAnaagdanatds comgietesting osganisess froph@ flgd| SRR SoRbHRSHIRE (1) an
inlet for int i uid to the apparatus; (ii) a filtration system
for trapping f)oéhg\k&ﬁ‘gr%éﬁq%ﬁgf‘%di ng or_gani sns fromthe fluid including a
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common channel, j : | i it th¥ b ht: lagast one val ve
for controlli r?gpr?%tlfl dsﬁlggvm%cg%%ﬁq{ @@ggrb?r”ﬁ"ﬁé;'; _wherein gt | east

conmponent s (i )it @d¢teriign eartidpe faridgtesting Aiffgrant atgagismsxcommising i deast 89
according to ' ' ' Aok Vsl G€ |RIBIfirS€SorAtoh east a
second commn%(lr:r%g@le P%@ﬁﬁ%ﬁ%ﬁ??@q?ﬁg@ﬁ gc?hglgi tey 5f assay chranber s, being a
comm®d® out | et cohamateieinga cahmonppetrdrenselagtbrding to claim 1 or 2, wherein
each assay chg r ' il 88w thre6n SRdigpatfgs:i nl et channel
only to that g&?%{lg%#gﬁwg%ggiﬁgﬁ@g?@ﬁ% _The.apggr at,uﬁsb?accordi ng to any
one of the pradekingt ishsl epsponppels &) ip Gihare in fuiheBMUBIEaY®M conpri ses a

filter hol der ﬁ%%'a?étﬂ@a@cdﬁﬂ?ﬁ@agirﬁ Wl {RErefPIMB detedlign aRtiddcbrhpriset por es
of substantially the sane size. 5. The apparatus according to any one of
the preceding atilegstsa sesarkecoramepr FRanmg! connected to the plurality of assay
15 chambers, being a common outlet channel.
3. The apparatus according to claim 1 or 2, wherein each assay chamber further

comprises at least one dedicated inlet channel only to that particular assay

chamber.
4, The apparatus according to any one of the preceding claims, wherein the
20 filtration system comprises a filter holder comprising a membrane filter

comprising a plurality of pores of substantially the same size.
B, The apparatus according to any one of the preceding claims, further comprising
a three-port valve for controliing in a first position flow of fluid passing out from
the filtration system through a first common port of the three-port valve to a
25 second port of the three-port valve connected to an outlet and in a second
position flow of eluent passing through a third port of the three-port valve fo the
first common port through to the filiration system to release trapped particles.
6. The apparatus according to any one of the preceding claims wherein the
detection cartridge is for performing polymerase chain reaction (PCR).
30 7. The apparatus according to claim 6, further comprising a thermal cycler for
performing PCR.
8. The apparatus according to claim 6 or 7, wherein the common inlet channel is

for introducing PCR master mix and DNA template into the assay chambers.



a three-port valve for controlling in a first position flow of fluid
passing out fromthe filtration systemthrough a first common port of the

t hr ee- porWORAINHOMEd a second port of the three-port val PETOGRHEOIEF4It 0 an
outlet and in a second position flow of eluent passing through a third port
of the three-port valve to the first common port through to the filtration
systemto rel ease trapped particles. 6. The apparatus according to any one
of the preceding clainms wherein the deigection cartridge is for performng
pol ymerase chain reaction (PCR). 7. The apparatus according to claim 6,
further conprising a thermal cycler for performng PCR 8. The apparatus
according to claim6 or 7, wherein the common inlet channel is for
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15 13. The apparatus according to any one of claims 10 to 12, wherein the component
for a reaction to differentiate viable organisms comprises a fluidic cartridge
comprising:

(a) a substantially optically transparent reaction chamber configured to expose
to a light source a sample comprising cells and a phenanthridium compound

20 capable of preferentially penetrating dead or membrane-compromised cells
over viable and/or substantially intact cells to intercalate with at least one
nucleic acid molecule and covalently binding to the nucleic acid molecule on
exposure to a light source,

(b) at least one inlet in fluid communication with the reaction chamber; and

25 (c) at least one outlet in fluid communication with the reaction chamber;
and at least one light source, the reaction chamber being configured such that
in use it will receive light transmitted from the at least one light source.

14. The apparatus according to any one of claims 10 to 13, wherein the cell lysis
system comprises a heat lysis system or an ultrasonic lysis system.

30 15, The apparatus according to any one of claims 10 to 14, wherein the
concentrator comprises a low pressure concentrator.

16. A low pressure concentrator for concentrating a sample to a predetermined

volume, comprising: (i) a concentrator chamber comprising at ieast a first region



nucl eic acid nolecule and covalently binding to the nucleic acid nol ecul e
on exposure to a |light source, (b) at least one inlet in fluid

conmmuni caWPEALOMIPH1t he reacti on chanber; and (c) at | ea®CTHRRIWO0M4SE i n
fluid communi cation with the reaction chanber; and at |east one |ight
source, the reaction chanber being configured such that in use it wll
receive light transmtted fromthe at | east one |ight source. 14. The
apparatus according to any one of claigg 10 to 13, wherein the cell lysis
system conprises a heat lysis systemor an ultrasonic lysis system 15. The
apparatus according to any one of clains 10 to 14, wherein the concentrator
conprises a |l ow pressure concentrator. 16. A |low pressure concentrator for

concentrating to a,predeterm ned, volu onprising: .(j) a
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16; Wzéerei n thg Hﬁté?tolr'%'bqnéthe?i s positioned above the second region. 18. The
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concentrator c r.c rhpses an. inlet for introducing a sanple to be
concentrat ed aa%'rﬁ%?'egr?%gg *h&sef:%l]d E¥Y" of a concentrated sanple. 19. The
appar at ustéccofk ngw t pressiyre ostmcentratbriansording otol 8taimh 3 &ir M2, heh@ppatiat us i s
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(a) providing an apparatus comprising at least the following components:
15 (i) an inlet for infroducing the fluid into the apparatus;
(ii) a filtration system for trapping particles including organisms from the
fluid including a system configured to direct a flow of eluent to the
filtration system at a pressure sufficient to release trapped organisms
into the eluent; and
20 (iii) a detection cartridge for detecting different organisms comprising at
least an array of a plurality of assay chambers connected via at least a
first common channel, being a common iniet channel; and
(iv) at least one valve for controlling fluid flow through the apparatus;
wherein at least components (i) to (iii) are in fluid communication;
25 (b) introducing a fluid via the inlet into the apparatus;
(c) filtering the fluid through the filtration system to trap particles including
organisms from the fiuid and directing a flow of eluent through the filtration
system at a pressure sufficient to release trapped organisms into the eluent;
(d) allowing the eluent to flow via the common inlet channe!l into the assay
30 chambers of the cartridge; and
| (e) performing at least one reaction to detect at least one species of organism.
21.  The method according to claim 20; wherein steps (b) and (c) comprise providing

a three-port valve comprising a first common port connected to the filtration



| east an array of a plurality of assay chanbers connected via at |east a
first conmmon channel, being a conmon inlet channel; and (iv) at |east one
val ve forwoantwiabt4ing fluid flow through the apparat us; Pai@SGeI09/000454 east
conponents (i) to (iii) are in fluid comrunication; (b) introducing a fluid
via the inlet into the apparatus; (c) filtering the fluid through the
filtration systemto trap particles including organisns fromthe fluid and
directing a flow of eluent through thegdiltration systemat a pressure
sufficient to release trapped organisnms into the eluent; (d) allow ng the
eluent to flow via the conmon inlet channel into the assay chanbers of the
cartridge; and (e) performng at |east one reaction to detect at |east one

species of organism 2 1. The netho cordi ng .t | ai,m,20:  wherein steps
(b) and (c) co‘?’?ﬁhné'ea 5PE4PRY %9”%&8@&80?"[ OV%tv{ér g%enﬂ'r’ﬁs?mdgaa{?‘fr r%otrtscommn
port connect edcdmetibé td ah eiaht supis pesitioring éaothcbeppoTt vadonime firetl pdsitican

outlet for the flyid and,a third port copnected . to an ?I ue,(t sup“
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opened and t heintchihedipperaiuscthosesth tbdhafiltation bestéuard ¢ of Krenapperatut via
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20 or 2 1; whetrgppedstrggnigndy. conprises performng at |east one pol ynerase
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common inlet channel.
15 24. The method according to claim 22 or 23; wherein the PCR comprises real-time
PCR.
25. The method according to any one of claims 20 to 24; further comprising
performing between step (c) and (d) at least one of the following steps:
(c)(i) performing a reaction to differentiate viable organisms;
20 (c)(ii) performing a cell lysis reaction;
(c)iii) performing a further filtration to substantially remove particles larger than
DNA;
(c)(iv) performing a further filtration to substantially remove residual substances;
and
25 (c)(v) concentrating the eluent prior to detecting the organisms.
26. The method according to claim 25; comprising performing all of the steps (c)i)
to (c)(v).
27. The method according to claim 25 or 26; wherein step c(ii) comprises allowing
the eluent comprising organisms to enter via an inlet into a substantially
30 optically transparent reaction chamber in the presence of a phenanthridium
compound capable of preferentially penetrating dead or membrane-
compromised cell over intact viable and/or substantially intact cells; exposing

the reaction chamber to a light transmitted from a light source to covalently bind



(c)() performng a cell lysis reaction; (c)(iii) performng a further
filtration to substantially renove particles larger than DNA, (c)(ivV)

per form YOI Her filtration to substantially renovePEESGAYURI000454
substances; and (c)(v) concentrating the eluent prior to detecting the
organi sms. 26. The nethod according to claim25; conprising performng all
of the steps (c)(i) to (Q(V). 27. The nethod according to claim?25 or 26;
wherein step c(ii) conprises allow ng 2he el uent conprising organisns to
enter via an inlet into a substantially optically transparent reaction
chanber in the presence of a phenanthridi um conpound capabl e of
preferentially penetrating dead or nenbraneconpronm sed cell over intact ~
vi abl e and/ or b j [ el.l sg _expEsi pg.Lh act i ber to
a |light transmtﬁtg t Egéﬁ%ﬂdg%i%%@ﬁiuggjrée 1{'18 ?@f\%\alc@nﬁey%glg%d%eﬁghgawb
phenant hri di unserrpired celis anrealiing thet dleend éa dxibiroméndhreasticodpEndrarsied cel | s
and allowi ng the gldent to exit fromthe reaction chanber via an outlet.
28. A nmethod of concentrating a liquid to a predeterm ned vol une

conprisi P (ah nstlnd efiaegcentiading priguisiie @ predstenminett wiumespmpssing: (i) a
concentrator c ; IS LISt ' it ove at
| east @a second@?ggb? @ﬁ@%@wa?bf%égkohﬁégﬁ%boﬁlcébpﬁ %‘)'Pé @gégg?&qﬁﬁédr% ﬁ?@? glr)egi on
confi gured in epseprisindo least a firsiirpeicntpesiongdyalizavetat daast heesembregianearidon,

(i ). a heat er d0kakiestd Bgﬂ%h‘gr f\/b?éﬁr i r@@g (dolnh% rBd YR ULAMPHR: o
configured in use to provide a pressure |owe f Han l’frmspherl C pressure to
t he concent r atiemperaiwischighgrithandbe isegonc eedion, gii) a dgiaten fof heatingcthechist r at or
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second region. (b) heating the first region of the concentrator chamber at a pressure lower than
atmospheric pressure to concentrate the sample to a final surface level below
the heated first region; wherein the evaporation of the sample is substantially

reduced within the unheated second region.
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