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Background Art

Testing samples for the presence of microorganisms, in particular

human pathogens, is an important part of monitoring samples including

10 biological samples, foods. drinks, the environment and water supplies. In
order to obtain immediate results, testing often involves the direct analysis
of samples for specific microorganisms. This can be labour intensive and
routine for the technician involved. In particular. there is an increasing
need to monitor water supplies to ensure they meet strict standards for

15 human consumption. This often involves the testing of large volumes of
water in order to detect relevant numbers of microbial contaminants which
is time consuming and expensive. Automated methods and apparatus are
being developed to assist in the large scale testing of samples for microbial
contamination. The methods presently in use are often insensitive and do

20 not allow the identification of specific microorganisms present in the
samples being tested.

Flow cytometric detection of specific microorganisms relies on
labelling the target organism with highly specific probes attached to
fluorochrome molecules. To enable accurate detection, two or more

25 different fluorescent labels need to be attached to the target organism (Vesey
et al.1994A). The types of probes available for these techniques are
monoclonal and polyclonal antibodies, lectins and oligonucleotides. The
range of fluorochromes that can be coupled to these probes is limited. For
example, many flow cytometers utilise a 488 nm laser to illuminate the

30 sample, and accordingly, the choice of flucrochromes is limited to those
which can be excited at 488 nm for those machines.

For a flow cytometer to distinguish one fluorochrome from another,
the fluorochromes must emit at different wavelengths. There are only three
types of fluorochromes presently available that excite at 488 nm and emit at

35 wavelengths different enough to be distinguished by flow cytometry: green
fluorochromes such as fluorescein isothiocyanate (FIT"); red fluorochromes
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10 microorganisms in a fluid sample utilising particles and fluorescent labelled

ligands reactive to microorganisms.
Disclosure of the Invention

Accordingly. the present invention consists in a method of detecting
the presence of microorganisms of a predetermined type in a sample

15 containing the microorganisms, the method comprising the steps of:

(a) treating the sample with at least one detectable particle, each
particle bearing a ligand reactive to the microorganisms of the
predetermined type, the sample being treated for a period of time sufficient
to allow the microorganisms of the predetermined type in the sample to bind

20 to the particle via the ligand;

(b} further treating the sample with at least one ligand labelled with a
fluorescent marker, the ligand being reactive to the microorganisms of the
predetermined type, the sample being treated for a period of time sufficient
to allow the at least one ligand to bind to the microorganisins of the

25 predetermined type; and
(c) analysing the sample so as to detect the presence of a particle
associated with one or more of the fluorescent markers, the ligands being so
selected that such an association is indicative of the presence of
microorganisms of the predetermined type in the sample.

30 In a preferred embodiment of the present invention the particleisa
fluorescent particle and more preferably a fluorescent latex bead. The beads
preferably have a nominal diameter from 10 nanometres to 0.1 millimetres.
‘The beads are preferably detectable by virtue of being fluorescently labelled.
More than one type of particle can be used with each type bearing a ligand

35 reactive to the same or different type of microorganism to be detected. It



WO 96/ 31777

D
h
3
oy

PCTHAUSGT00Te2~ 2
as phycoerythrin (PE) and tandem fl uorochrones. Unfortunately, the
fandem fl uorochrones are often not bright enough to be used in many

appl i cati orwoog@idrrefore, flow cytonetry is often |limted tpcriBseseisecti on
of two fluorochrones. In applications such as the detection of
specific 5 m croorgani sns in a range of sanple types, this poses a
problemif there are only a small nminber of sites available for
recogni tion on the mcroorgani sm The | evel of sensitivity that can

be achi eved W fipilldChdwaidr vl thedsdpb@F the inventidfito ARkt BRObEHA BT

t hese applications. ., The pr.esent inventors haye, devel oped
methods of det SRENSKSTobY charee, by Aganfe fifference qrifapyather witsble Pephe
particles and fl uor ebrefurthetmeferrtd embodinieng afithe preseitiineention the

m croorgani s mts -Fl]igand is selchtsd oy Hife SoubRonlBURE LY Ahtb % lectin and
i

Accordi ngly. resent .1 nyvention cohsists 1n a, net of detectjng
the presere of goRY e%%iéwgere&yaa gheang of the iispyeis aymeneclopal 15
cont ai ni ng t he antibodwr Wiinstie particle ieh fludrescopt paiticly, thefladmscemf

()  treating igo SR feid thefls 1b6 She A3 Ha86 UiMiL:En PR lefldin spASHR
particle bearing a I'igand reactive to Reé croofr gani sns o €
predet er m ned ttwatqfﬁbeﬂaﬁﬁseemwckr eated for a period of tine
sufficient In a still further preferred embodiment. the analysing of the treated

10 sample is by flow cytometry. the microorganisms being detected by the
presence of fluorescence of the labelled ligand or in combination with the
size of the particle, or more preferably. fluorescence of both the marker and
the particle. With regard to the detection of the size of the particle, this
includes either detecting the known size of the particle or detecting or

15 measuring for an increased size caused by the binding of microorganisms to
the particle.

In a still further preferred embodiment of the present invention, the
particle is labelled with several ligands reactive to the same or different
microorganisms. Furthermore, several different particles can also be used

20 having the same or different ligands bound thereto. For example, in step (b)
several different ligands reactive to the same or different microorganisms but
provided with different fluorescent markers are utilised to allow the possible
detection of more than one type of microorganism bound to the particle.

The method according to the present invention preferably uses one

25 or more fluorescent markers that are excited at 488 nm and emit at
wavelengths ranging from green to infra-red. It will be appreciated by one
skilled in the art that fluorescent markers that are excited at other
wavelengths are also snitable for the present invention.

The present invention is suitable for detecting multiple forms of the

30 same species of microorganism or detecting several different microorganisms
from the same sample. The microorganisms bound to the particle may be
further treated or analysed after being detected by the method of the present
invention.

The number of particles used in the present methods will depend on

35 the type of particle, the type of sample being tested, and the number and

type of microorganisms in the sample. It will be appreciated that the
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detected. It  gotectable particles is used in order to increase the possibility that the
microorganisms present in the sample will come into contact with the
particles and bind. The present invention has the advantage that the
10 number of microorganisms in a sample can also be estimated by adding a
known number of detectable particles to the sample and counting all of
those particles to determine the number that have bound microorganisms.
Furthermore. by adding a known number of particles to the sample it is also
possible to confirm that the sample was correctly analysed by enumerating
15 the number of particles detected.

In order that the nature of the present invention may be more clearly
understood, preferred forms thereof will be described with reference to the
following examples and drawings.

Brief Description of the Drawings

20 Figure 1 shows flow cytometry scatter plots representing
Cryptosporidium oocysts captured onto fluorescent beads and then bound
with a FITC-conjugated Cryptosporidium-specific antibody; and

Figure 2 shows flow cytometry scatter plots representing Adenovirus
captured onto fluorescent beads and then bound with FITC-conjugated

25 Adenovirus-specific antibody.
Modes for Carrying Out the Invention
MATERIALS AND METHODS
Coating beads with antibody
TransFluorSphere 488/685 latex beads were coated as recommended
30 by Molecular Probes (Eugene, USA) with antibody specific to the
microorganism of interest.

Antibody (2 mg) specific to either Cryptosporidium (Biox, Sydney),
Adenovirus (Silenus, Melbourne) or Salmonella typhimurium (Wellcome
Diagnostics) was dissolved in 1 ml of 50 mM Tris buffer (pH 8.4) and then

35 dialysed overnight at 4°C against 50 mM MES buffer {pH 6.0). The antibody
was then mixed with 5 ml of 0.2% (w/v) 1 pm latex beads (TransFluorSphere
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River water samples were concentrated by calcium flocculation
(Vesey et al. 1993). Portions {1 ml) of the concentrate were seeded with
approximately 1,000 oocysts. BSA was added to a concentration of 1% (w/v}
15 prior to the addition of 20 ul of the crypto-antibody-coated bead suspension.
Samples were then incubated at room temperature on a rotary mixer for 30
min.

Oocysts were then labelled with a second fluorochrome. Monoclonal
antibody, specific to Cryptosporidium oocysts walls, conjugated with
20 fluorescein isothiocyanate (Cellabs Pty Ltd, Sydney, Australia) was added
{0.5 ml) and the samples incubated at 37°C for 20 min.
Using beads to label Salmenella
Salmonella typhimurium was cultured on MacConkey agar, fixed in
5% (v/v}) formalin for 15 min and washed by centrifuging (13000g for 10 min)
25 and resuspending in PBS. An aliquot (100 ul) containing approximately 1 x
10° cells was mixed with 20 pl of bead suspension (coated with Salmonella
antibody) and then incubated on a rotary shaker for 30 min a room
temperature. Salmonella cells attached to beads were labelled with a second
fluorochrome by incubating with rabbit anti-Salmonella antibody (Wellcome
30 Diagnostics), washing by centrifuging at 13000g for 30 seconds,
resuspending in a goat anti-rabbit 7-amino-4-methylcoumarin-3-acetic acid
(AMCA) (Dako, Glustop, Denmark) conjugated antibody and incubating for
10 min at 37°C. Samples were examined using epifluorescence microscopy.
Samples were analysed immediately.
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Adenovirus attached to beads were labelled with a second fluorochrome by
incubating with the same Adenovirus antibody conjugated with FITC for 20
min at 37°C.
10 Sample analysis
Samples were analysed using a Becton Dickinson Facscan flow
cytometer. The discriminator was set on red fluorescence (FL4) at a level
slightly less than the fluorescence of the beads. A region (R1) on a scatter
plot of green fluorescence (FL1) verses side scatter {graph 1) was defined
15 which enclosed the FITC-labelled oocysts. This region was then used to gate
a scatter plot of red fluorescence verses side scatter (graph 2). A region was
defined on this second scatter plot which enclosed oocysts attached to
beads. The same process was also used for analysis of Adenovirus (Fig. 2).
Colour compensation was performed to separate the fluorescence of
20 the beads from the fluorescence of the labelled organism. Red fluorescence
was progressively subtracted from green fluorescence until a second
population appeared on the green fluorescence verses side scatter graph.
RESULTS
Cryptosporidium
25 Analysis of the Cryptosporidium sample by flow cytometry resulted
in a distinct population on graph 1 (Figure 1). This population represents all
beads and was enclosed within a region (R1). Gating a graph of side scatter
verses FITC on the region R1 produced the scatter graph 2 (Figure 1). Two
populations are observed on graph 2, a large population with a low green
30 signal (spill over from high level of red fluorescence from the beads) which
represent the beads and a smaller population with a high FITC signal which
represent beads attached to FITC-labelled oocysts.
Adenovirus
Viruses could be detected on the flow cytometer when using the
35 gating and colour compensation procedures that were used for
Cryptosporidium. A scatter plot representing a large population of beads
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food an beverages On way to enable simple and rapi flow cytometric
detection of low numbers of microorganisms is to use at least two different
coloured fluorochromes for attached to the microorganigms. These
fluorochromes are attached to the microorganism via highly specified

15 ligands such as antibodies. This has been achieved previously by
conjugating different coloured fluorochromes directly to antibodies (Vesey et
al.1994A).

The present inventors have shown that microorganisms can be
detected by flow cytometer by attaching fluorescent beads to the

20 microorganisms. The population representing oocysts attached to beads
displayed in graph 2 (Figure 1) is an identifiable population totally clear
from any unassociated coloured bead or interfering noise. The population
representing viruses attached to beads in Fig. 2 is also an identifiable
population.

25 The technique of using a fluorescent particle to tag a specific or
predetermined microorganism with a fluorescent label has several
advantages over using only a fluorochrome-conjugated antibody. Firstly,
only a single bead needs to be attached to the microorganism to achieve
detectable fluorescence. To achieve the same level detection using only a

30 fluorochrome conjugated antibody requires thousands of antibodies to be
attached to the microorganism. These thousands of antibodies cover and
mask available antigen sites. If only a single type of antigen is available on
the surface of a microorganism, then it is not always possible to label the
surface of the organism with a second antibody. The present inventors have

35 found that only one antigen is presented by Cryptosporidium and therefore
this organism is difficult to detect by previous methods.
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technique enables two colour fluorescence labelling of a microorganism with
5 a single antibody as shown by the present inventors.

A further advantage of the fluorescent bead labelling technigue is
that it enables the use of new fluorescence emission wavelengths. Until
recently the number of different colours that can be detected by a single
laser flow cytometer has been limited to two. These are a green

10 fluorochrome such as FITC and a red fluorochrome such as PE. A third
colour is now possible using tandem fluorochromes such as PE/Texas red
where the PE pumps the Texas red. These tandem fluorochromes however
are not bright enough for many applications. When attempting to detect
microorganisms the fluorescence signals need to be very bright. The

15 fluorescent beads enable the use of a third and even a fourth very bright
fluorescent signal. This is because beads with a range of different
fluorescent emissions are available. Beads with emissions as far into the
infra-red as 720 nm are available.

Examples of fluorescent beads and their production that are suitable

20 for use in the present invention can be found in US patent 5326692.

The use of fluorescent beads as a label improves flow cytometric
detection. This is because the beads can be used as the size or fluorescence
discriminator. The cytometer can be set so that it ignores all other particles
except for the beads. This overcomes coincidence problems due to the

25 sample containing more particles than the cytometer can examine. It also
means that a known number of particles need to be examined for all
samples.

The bead technology is highly applicable to the detection of bacteria.
It enables multiple bright fluorescence signals to be achieved on the surface

30 of a range of bacteria. The production of antibodies to large groups of
bacteria {eg all gram negative bacteria) and then coating beads with these
antibodies will allow the use of a single reagent for a range of
microorganisms or their sub-types.

The application where this bead technology will have the most

35 benefits will be the flow cytometric detection of very small particles such as
viruses. Coating beads with virus specific antibodies and reacting with
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15 Vesey, G., Hutton, P.E., Champion, A.C., Ashbolt, N.J., Williams,
K.L., Warton, A. and Veal, D.A. 1994B. Application of flow cytometric
methods for the routine detection of Cryptosporidium and Giardia in water.
Cytomstry, 16: 1-6.
Vesey, G., Slade, ].S., Byrne, M., Shepherd, K., and Fricker, C.R,,
20 1983. A new method for the concentration of Cryptosporidium oocysts from
water. J. Appl. Bact, 75.82-86.



10[err] cells was mxed with 20 [err]l of bead suspensio et—wi-th
Sal nonel | a ntb oghiy Shaet las BeemRéphacadbat-ed—er—a rot ar ﬁ’B &Tf%s BEEN
| abel l ed with a second

M‘I “m g a cells attached|to beBERL.AGEDe
ant i - Sal nomg s6gs1zmt | body ( conme 3

me by incubating Wih rabbit
Di agnosti cs), waBbi/ayedne1s2
centrifuging at 13000g for 30 seconds, resuspending in a goat
anti-rabbit 7-am no-4-methyl coumari n-3-ac %t ic acid (AMCA) ( Dako,
G ustop, Denmark) conjugated anti body and¥ ncubat i ng for 10 min at
37[err] C. Sanples were exam ned using epifluorescence m croscopy.

Sanpl es were ingsed i medi atel y. WO 96/ 31777
PCT/ AU96/ 00193

beads to | abel - Adendymethod of detecting the praspuce of micragraanising Bf%d in huma
epi thel i al celpredetenmined:tyge sy a sample conteining theaniorgonghrisosl the mdwtdhen

purified fromphprid messtg s eentrifuging (13000g for 2 mn) and
retaininggt he (gilper trea?i the samglg%irtﬂ aE fe relltst g\rl?esdetectable particle, each

particle bearmg a ligand reactive to the microorganisms of the

predetermined type, the sample being treated for a period of time sufficient

to allow the microorganisms of the predetermined type in the sample to bind

to the particle via the ligand;

10 {(b) further treating the sample with at least one ligand labelled with a
fluorescent marker, the ligand being reactive to the microorganisms of the
predetermined type, the sample being treated for a period of time sufficient
to allow the at least one ligand to bind to the microorganisms of the
predetermined type; and

15 (©) analysing the sample so as to detect the presence of a particle
associated with one or more of the fluorescent markers, the ligands being so
selected that such an association is indicative of the presence of
microorganisms of the predetermined type in the sample.

2. The method according to claim 1 wherein the particle is a

20 fluorescent particle.

3. The method according to claim 2 wherein the fluorescent particle is
a fluorescent latex bead.

4. The method according to claim 3 wherein the bead has a nominal
diameter from 10 nanometres to 0.1 millimetres.

25 5. The method according to any one of claims 1 to 4 wherein the
sample is treated with at least 10° detectable particles per millilitre sample.
6. The method according to claim 5 wherein the sample is treated with
between 10* and 10° detectable particles per millilitre sample.

7. The method according to any one of claims 1 to 6 wherein the

30 microorganisms are selected from the group consisting of bacteria, fungi and
viruses.

8. The method according to any one of claims 1 to 7 wherein the
ligands are selected from the group consisting of antibody, lectin and
oligonucleotide.

35 9. The method according to claim 8 wherein at least one of the ligands
is a monoclonal antibody.
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5 m xed with 20 [err]| of the bead suspension (coated w.th Adenovirus

antTooty) and t em—incdl HmB@mR ~shaker for; BISEHEERHAPBEEN T
t emper at ure. Adenovi rus m:m, ﬁ%s were | abgl | ed pepindp

second fl uorochrone by t he sane Adere
conj ugat ed WOSFITC for 20 m n at err]C. 10 BARpUS0IA| ySi S
Sanpl es were anal ysed using a Becton Di cki nson Facscan fl ow

cytonmeter. The discrimnator was set on rgq fluorescence (FL4) at a |evel
slightly less than the fluorescence of the“beads. A region (Rl) on a
scatter plot of green fluorescence (FL1) verses side scatter (graph

1) W?ﬁ def i ngdth m@hféihsdlsé&ieﬁxgttb%nﬁom df%k@hiseﬂtmm}én tﬂélbﬁe bEY 03
was en use 0 seeng ses si de
scatter (graph™® mWé’Pﬁﬁ“\@%ﬂs are exc;tggﬁ&ﬁgéngha?(ﬁ' gug%c‘g‘h‘ﬁ’ er plot
whi ch encl osedrmgmsfmnagleanltemﬁrmred beads. The same process was al so

used for anal yq#s Of M Héccfr&i to%)n one of claims 2 to 10 WAk the
canpensat i or rre

resc t he beads
fromthe f uor omag tIl@EIs cﬂ"@gﬁ‘?@ﬁ’\ ‘i’éé@’rﬂfe was
progressively ﬂliowsaenmlsﬁecumxgtoeﬁntbf ther fdearescent patndlea second

| at d h
ReSULTS " “PPE Pl R RGOl SRS G R e B por

sanpl e by fl owa&‘9 SH‘@tq?fQ{‘? E@Gﬁieﬂmple is by ﬂHWaFYd‘P’é’FT"Hct popul ati on on graph
1 (Figure 1). Bis pThemithehacepditgadiclaial 12 wherein the atlsroarghnisias avec| osed

L IO e St 1
popul ations ar G&sé?%"é'bo ithe dabglied jlgag I%@@W‘h’(’i"@rﬁhﬁnﬂ%‘gtb%w gr een

particle. or by fluorescence of both the ligand and the particle.
14. The method according to anv one of claims 1 to 13 wherein the
particle bears several ligands reactive to the same or different
15 microorganisms.
15. The method according to any one of claims 1 to 14 wherein step (b)
includes several different ligands, each different ligand being labelled with a
different fluorescent marker.
16.  The method according to any one of claims 1 to 14 wherein the
20 detectable particle bears several different ligands, each ligand reactive to a
different predetermined type of microorganism, step (b) includes several
different ligands, each different ligand being labelled with a different
fluorescent marker and being reactive to a different type of microorganism so
as to allow detection of more than one type of microorganism in the sample
25 by analysing for the presence of more than one different fluorescent-labelled
ligand associated with the particle.
17 The method according to any one of claims 1 to 16 wherein the
number of microorganisms of a predetermined type in the sample is
estimated by adding to the sample a known number of detectible particles
30 and analysing all the particles in the sample for association with one or more
of the fluorescent markers and estimating the number of microorganisms in
the sample from the number of detectible particles associated with the
fluorescent markers.
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30 signal (spill over fromhigh Ievel of red fluorescence fromthe

beads) which represent the beads—amd—a—sratl| er popul at+-en—w-th a
hi gh FI TC si gnal which represent beads attached to FITC-| abel | ed
oocysts. Adenovi rus Viruses could be detected on the
fl ow cytorrengs’aH«% using the 35 gating and col our conpRCEAUVI6ON192
procedures that were used for Cryptosporidium A scatter plot
representing a | arge popul ati on of beads WO 96/ 31777

PCT/ AU96/ 00192 1/2 7 With

| ow FI TC fl uorescence and a small popul ati on of beads with high FITC
fluorescence (Figure 2) was observed. This second popul ation represents
viruses attached to beads and | abelled with FITC. The negative control did
not{ contain any beads with a high FITC signal. 5 Sal nonel | a

Exam nati on of the beads using epifluorescence m croscopy reveal ed
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red fluorescing beads attached to blue (AMCA) fluorescing Sal nonell a ceIIs

'Hﬁ?ﬁkﬁ*ﬁﬁﬁ%ﬁ*{#—speC|f+e—e+-prede%e#ﬁrﬁed—ﬁ+e+eﬁ%gan|sns W-th How
cytonmetry has the potential to replace existing nmethodol ogies for the 10
detection of mcroorganisns in sanples ranging fromclinical fluids, water,
food and bewessagEs. On way to enable sinple and rapid fl orcEgUssopIf2i C
detection of | ow nunbers of mcroorganisns is to use at |east two different
col oured fluorochrones for attached to the m croorgani snms. These
fluorochronmes are attached to the mcroo2f@ani smvia highly specified 15

| i gands such as anti bodi es. This has been achi eved previously by
conjugating different coloured fluorochrones directly to anti bodi es (Vesey

et al . 1994A) . The present inventors have shown that

m croor gani sns can be detected by flow cytoneter by attaching
fl'uorescent beads to the 20 m croorgani snms. The popul ati on representing
oocysts attached to beads di splayed in graph 2 (Figure 1) is an
identifiable population totally clear from any unassoci at ed col oured
bead or interfering noise. The popul ation representing viruses
attached to beads in Fig. 2 is also an identifiable popul ation. 25

The technique of using a fluorescent particle to tag a specific or
pr edet er mi ned nicroorganisntmﬁth a fluorescent |abel has severa®

advant ages over ng only a fluorochromng-conjugatee anti body. Eirstly,
only a single be needs to be attached fo the ntcroorganlsnttb achi eve
det ect abl e quor ence. To athieve the $ane |evel édetection uping only a
30 f I uor ochr ong}-conj-ugat-edi-anti-Body... requ+¥es +-holisands.-of. ap®i bodi es to
be attach to t@? m cf oor gani sm : These thousands of an}i bodies
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. raty Q ¢
mask avail able antigen sites. If only a single tyggrolft aht?’g{anﬁig ?atvgai ?abl e

.on the surface of a microorganism then it REQPIYENayd pussidyze to
‘| abel the sur-fa edi smwi th a second anti body. Tﬁ"e 7

\ Cfed® fiadBten _
present inventors hav hat only one anti geR-i-s.
Crypt ospori di um and tﬁ“m““m“lm L t hi s10rgani sm i s|diH$ SHEET HAS BidNect
by previ ous net hods. [ 31777 REPLACED
8 :

PCT/ AU96/ 00192
| f the microBlajmsi smis labelled with an antibody coated fl uorescent

bead then there arg zgsmbma&@aﬁﬁ' b ?ésbhbeﬁﬁ&@sﬁﬁia‘%ir%‘ﬂieh’?uﬁk&éf@?e of
t he organi smf.or attachin n anti body conjuygated.to a_ fluorochrone.
Thi s PRETTERRISTN | ARreRBTEUREY 1YY UbP SSRIRE EORIRRING HE of o

M croor gani smivddobgarfisms, thesineghdl aotnphisiiyg tife gbpywfiby the present

| abel | i ng t ol quirerdne thésaple WiftiRacial duratRBL BHSRETAEMbaRERE . .

em ssi on waveacnfiubescent particle bearing adigaing rehetivel tothe micmorganisms of theurs

that can be g ReAinEY t9ps! 1Y Bmple being treated for a period of time sufficient to
allow the microorganisms of the predetermined type in the sample to bind to
the fluorescent particle via the ligand;

10 (b) further treating the sample with at least one ligand labelled with a
fluorescent marker having a different fluorescence spectrum to that of the
fluorescent particle, the ligand being reactive to the microorganisms of the
predetermined type, the sample being treated for a period of time sufficient to
allow the at least one ligand to bind to the microorganisms of the

15  predetermined type;

(c) analysing the sample by flow cytometry so as to detect the presence of
a fluorescent particle associated with one or more of the fluorescent markers,
the ligands being so selected that such an association is indicative of the
presence of microorganisms of the predetermined type in the sample; and

20 (d) estimating the number of microorganisms of the predetermined type in
the sample by measuring the intensity of the fluorescence of the one or more
fluorescent markers associated with the fluorescent particle.

2. The method according to claim 1 wherein the fluorescent particle is a
fluorescent latex bead.

25 3, The method according to claim 2 wherein the fluorescent latex bead
has a nominal diameter from 10 nanometres to 0.1 millimetres.

4. The method according to any one of claims 1 to 3 wherein the sample
is treated with at least 10° detectable fluorescent particles per millilitre
sample.

30 5. The method according to claim 4 wherein the sample is treated with
between 10* and 107 detectable fluorescent particles per millilitre sample.

6. The method according to any one of claims 1 to 5 wherein the
microorganisms are selected from the group consisting of protozoa, bacteria,
fungi and viruses.

3B 7. The method according to claim 6 wherein the microorganisms are
viruses.
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| aser flow cytometer has been limted to two. These are a grée 0
. fl uorochrone sucmh@ghealfiﬁ@aﬂ @Msd fl uor ochr one such: s PE.} A tibird

“colour is now pos [ dem fl uor ochromes such as P
where the PE purrp
are not bright en appl i catigqs. Wen attenptijng t oRgRtAS

These tandem f | uor ochr onkes lﬁ(ﬁWEEQT
m cr oorgani sns the fl uorescence signals need to be very bright- 2
fluorescent beads enable the use of a third and even a fourth very bright
f1 uorescent 8si gnalTheThethddsadverdingetoandsne\of tlaims dngey etheséihfthedigands
fl uorescent ' VA 4. O t he
niracrod adrgsqeLRRahR bl dofisistal ¢t ldhdaf IR Bgbdiclbide
beads and t®eir pAdeunethad agrerdingdoqlain 9 whemwin at hﬁSt gBe of the Hgapdeisent

I nvention C%Qngﬁoélgﬁgpahﬂb&% patent 5326692. The use of
fl uorescent- heads_as oves . f] ow c t onret detectio
This is Pecdse t eassﬁso%c%mwg&%sted: laim B gﬁ%ffé@flg%gséf@neéa } an
di scri m nat Qb}aﬁl"meq;mtﬂﬁg an be set so that it |gnores al |l other
particles

e s S i e PR SR

exan ne. |t (b) axe antibodieswhirch tduet wdthk toevsame aindigen fonpthet midresrgaadésint o be

exam ned for,al l
hi ghl y aqg)pl |1§ab| o TS T ane%)éectl%l o Batte °f°1a"m%f# ¥"h§%§ﬁie‘§g’¥r%ﬁﬂsﬁ ple
bright 19 uomeiedhaereseaitdpar @%@@%ﬁ%&ﬁﬂw emitatovavelengds a range
of bacteri amﬂ'$1g gf(gﬁlg%élptbﬁ{fr@.péd bodies to I arge groups of.

a

ant i bodies 1| aHAVIPHBY ARSoRiog Giong @it hlanms i 4 WhREanghe o
m croor gani miﬁzmtfrgﬁﬁﬁms aelddtygted by the presence of fluorescence of the labelled
ligand, by fluorescence of the labelled ligand in combination with the size of

15 the fluorescent particle, or by fluorescence of both the ligand and the
fluorescent particle.

14. The method according to any one of claims 1 to 13 wherein the
fluorescent particle bears several ligands reactive to the same or different
microorganisms.

20 15. The method according to any one of claims 1 to 14 wherein step (b}
includes several different ligands, each different ligand being labelled with a
different fluorescent marker having a different fluorescence spectrum to that of
the fluorescent particle and the other labelled ligands.

16, The method according to any one of claims 1 to 14 wherein the

25 detectable fluorescent particle bears several different ligands, each ligand
reactive to a different predetermined type of microorganism, step (b) includes
several different ligands, each different ligand being labelled with a different
fluorescent marker having a different fluorescence spectrum to that of the
fluorescent particle and the other labelled ligands and being reactive to a

30 different type of microorganism so as to allow detection of more than one type
of microorganism in the sample by analysing for the presence of more than one
different fluorescent-labelled ligand associated with the fluorescent particle.
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The application where this bead technology will have the nmost 35 =~~~ *
- benefits will be the flow cytonetric detection of very small particles such
as viruses. Coating beads with virus specific an [T?I?é] o .
reacting with WO 96/ 31777 SHEET HAS BEEN
PCT/ AU96/ 00192 REPLACED
sanpl es captures viruses onto the beads. 1‘lzhe virus is then |abelled with a
second fluorochronme enabling detection. This is the first, sinple virus

b appiee e IO S e et i o,
W I.a u U
variations ZNERRS GrpeIgAnifIs 995@%&6@14 {ywsm sﬁﬁnm%ea&e%mamin

the specifi by@ﬂd@ﬂ* mﬂiﬁsmggwkndmﬁmbgr bf detetctiblesfluoidscert %mmlbsof t he
ere
FEHYRW

I nvention as_RQroa d. The pr odinents are e,

be consi der 849814 3@&&8 gsqqqtlyggﬁglle r@ \a[o 1L 1 foésats??

Ref er encies one or more of the fluorescent markers and estimating the number of
microorganisms in the sample from the number of detectible fluorescent

particles associated with the fluorescent markers.
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Vesey, G, Narai, J., Ashbolt. N., WIlliams. K L| anBERACEMBNTISHERNS SC
Det ection of specific nicroorganisms in environmgoBaDesseptdrespaged ni. ol paged A2
cytometry, p.489-522. In Methods in Cell Biol ogy{Ftlo@ligtspret pageSecdndpaged ..o..
Editi on. Academic Press Inc., New York. 15 O Drawigg(s)y: pdged .. Hubt paged .-
P.E., Chanpion, A C.. Ashbolt, N J., WIIilfins, O Abdfedet . Vifdge@N:. tB. paged
Veal, D. A 1994B. Application of flow cytonetric rret hods for the

routi ne detectl of Cryptosporidiumand G ardi a IZ)A Ei{F QEET 3 OCT 1938
Oytometry, Vesey, G, SI4 E& i
Shepherd, K 1. and Em&h@d,ofﬁe&ctlr%othe rbs&i’ce ﬁlmewmhhgdhé@rumba of
;gnggnggat | Onm%mg{‘é/ t' 'adp'reugét%rnﬁnef type masample contaunngfgép pl. Bact.

CLAI MB: - mmrbo_rganésm,tﬂmdnefhaﬂe«anpmgigﬁe giepsefice and estimating the
uTber O L r® AR RaBcih SAE S TRl B

cont ai ni ng conpril é of :
each fluorescent parncle beanng a ligand reactive to the mlcroorgamsms of

the predetermined type, the sample being treated for a period of time
sufficient to allow the microorganisms of the predetermined type in the
sample to bind to the fluorescent particle via the ligand;

10 (b) further treating the sample with at least one ligand labelled with a
fluorescent marker having a different fluorescence spectrum to that of the
fluorescent particle, the ligand being reactive to the microorganisms of the
predetermined type, the sample being treated for a period of time sufficient
to allow the at least one ligand to bind to the microorganisms of the

15 predetermined type;

(c) analysing the sample by flow cytometry so as to detect the presence of
a fluorescent particle associated with one or more of the fluorescent markers,
the ligands being so selected that such an association is indicative of the
presence of microorganisms of the predetermined type in the sample; and

20 {d) estimating the number of microorganisms of the predetermined type in
the sample by measuring the intensity of the fluorescence of the one or more
fluorescent markers associated with the fluorescent particle;
wherein the ligands in steps (a) and (b} are antibodies which react with the
same antigen on the microorganism.

25 2. The method according to claim 1 wherein the fluorescent particle is a
fluorescent latex bead.

3.  The method according to claim 2 wherein the fluorescent latex bead
has a nominal diameter from 10 nanometres to 0.1 millimetres.
4. The method according to any one of claims 1 to 3 wherein the sample

30 is treated with at least 10° detectable fluorescent particles per millilitre
sample.

5.  The method according to claim 4 wherein the sample is treated with
between 10* and 10” detectable fluorescent particles per millilitre sample.
6. The method according to any one of claims 1 to 5 wherein the

35 microorganisims are selected from the group consisting of protozoa, bacteria,

fungi and viruses.
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5 (a) treating the sanple with at |east one detectable fluorescent
particle, each fluorescent particle bearing a ligand reactive to the
m croor gani sms of the predetermned type, . the sanple being treated
for a period of tinme sufficient to aIIOM/the m cr oor gani sns of the
predeterm ned type in the sanpl e tdibind to the fluorescent particle
via the |igand; 10 (b) further treating the sanple with at |east one

Ilandlabelldvvl . NAYI |

fl gor escence spect rﬂt}mﬂ}egl ?%a?cgrhﬁgm&s&g% é%:ég%}lgcgéelﬁ] ?”g%‘%ﬁ‘{cﬁ;%e

| i gand bei ng viewssssi ve to the microorgani snms of the pr edet er m ned
type, the Saf?'ee B Hw&l&&%@&rﬁ ﬂ:ﬁ%bﬁﬁoﬁﬂéﬂﬂm ﬁiii’fvﬂféréﬁi at least onéo

all ow the at t one and t 1n € m Croorgani sns
pr edet er mi necdPk ehgands 13&1{161)100 aRa X-he sanple by fl ow cyt orret ry SO

as to degect ¢he Wﬁﬁi@;@l@o@ﬁccordm%(t@aﬁi BRe %%ﬁiiﬁasp?td 8 Q%lfbrgﬁﬁﬂfd Bggstsm th
ers e |igands being so

f th | t
gg?eg[ ego'[ ﬁa?msﬂﬁﬁs lﬁ%&’i@i%ﬁ? ﬂ?ﬁ%"r@e ehtibed¥i ve of the presence of
mi cr oor gani sngd.of Tlttemeltb@tbhemordngitd ymye one of chirsnpted wheteitDthe ofe pr
estimating thg pélﬁggF‘eS%L{lE}Yﬁl[‘ s 9% e§gﬁ?c? Eih&g? In% 68! ?ﬁl@hi’%&\k%&%me or

the sanpl e by A Ur NtENSIty o uorescence

mor e fnamsngsﬁemgmnl&ermfrasgdcu ated with the fluorescent particle;
wher ei ngghe |{gancpd ﬁle%ﬁ@cpﬁc&ﬁhl ofié 8f AIHihiOf 0 WHerBid @Ret Wi th
t he sanme -antigen on th oor ani sm % P%
accor di ng t o TNGFORTEAIHEF 81, f"ﬁ’Et E‘W@nﬁﬁpf ﬂé‘PéeﬁC§n53 of the labelled

I Ihgo][ |e3 gregts Ceﬁ%zﬁid faediated with a?pamcIBhb We&@@@fd{lﬂhﬂ@lgﬁ! li%mrﬁaéwe{ rele 2
to 0.1 m I 11 ridpaEiaon Wb the siza gl MuBROR patkRlE of bl S ERaHRR e 1
to 3 wherein hdth tharhgwd and the fluorescent particle.
15 12. The method according to any one of claims 1 to 11 wherein the
fluorescent particle bears several ligands reactive to the same or different
microorganisms.
13.  The method according to any one of claims 1 to 12 wherein step (b)
includes several different ligands, each different ligand being labelled with a
20 different fluorescent marker having a different fluorescence spectrum to that
of the fluorescent particle and the other labelled ligands.
14. The method according to any one of claims 1 to 12 wherein the
detectable fluorescent particle bears several different ligands, each ligand
reactive to a different predetermined type of microorganism, step (b} includes
25 several different ligands, each different ligand being labelled with a different
fluorescent marker having a different fluorescence spectrum to that of the
fluorescent particle and the other labelled ligands and being reactive to a
different type of microorganism so as to allow detection of more than one
type of microorganism in the sample by analysing for the presence of more
30 than one different fluorescent-labelled ligand associated with the fluorescent
particle.
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30 is treated with at.least 10[err] detectable fluorescent particles per

millilitre sanpl e. 5. The met hod according to claim4
wherein the sanple is treated with bet ween 10[err] and 10[err]
detectabl e fluorescent particles per mllilitre sanple. 6. The

met hod according to any one of clains 1 t¥# 5 wherein the 35
m croorgani sns are selected fromthe group consisting of protozoa,

L0 b ot o BB et g 1 0B i L

8. The net hombkerefndiongongeniamys ohe poddetbunineditype it thhsagipleds | east one
of the Ii ganﬁ%m%t@d %Qﬁﬁ&%@ tl%rﬁa"ggxﬂlg% kn&mn nuinber Jﬂfa&@&ﬂ@%@&@%&%tbg to

any one of clarnms 1
are the samePari¢lgsapd analysing al) the @@QQ‘?@&P&&@P@M@Q %ﬂlaﬁiﬁ ¥8e of clains

1to 9 wher ehélsdc'ikﬁl&[‘ﬂn&{ one or mor8WTehé fHOreReal ndiREKR] a6tAmAAE tRE at
488 nm and emt .at vel engt hs
number o mxcroox%amsms in the sample from the number of detectible

fluorescent particles associated with the fluorescent markers.
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ranging fromgreen to infra-red. 10 11. The nethod according to pone
of—ctai-AB=t=to—10-Wher ei-An—the —f-e-ge-gant-sne ar e—det eck—ed—br%——
presence of fluorescence of the |abelled ligand associated w

particle, by fluorescence of the labelled ligand in coganati on with
the size of the fluorescent particle, or by fluorescence of 4:;;’-:{‘& both the
ligand and the PQYPr escent v inedscrohb rroperdPorcasipmoRet hod WMl ng to any
one of claims 1 to 11 wherein the nematiomlPygs, . oqceont particle bears several
| i gands INEERNATIONAL WJ%WNMW&IBWER“EPAWWMEAW (PCT) 13.
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Methods for detecting microorganisms in a sample by binding detectable particles and fluorescent labelied ligands reactive to the

m:ctoorganisms The present invention also includes the use of multiple fluorochromes for the detection of microorganisms and is adaptable
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12 15. The method according to any one of clains 1 to 14 wherein the
nunber of m croorganisas of a -predeterm ned—ype-in the sanwple—ts—esti mated
by adding to the sanple a known nunber of detectible fluorescent particles
*and anal ysing all the fluorescent particles in the sanple for association
with one or nore of the fluorescent markers and estimating the nunber of

m croorgani sns in the sanple fromthe nunber of detectible fluorescent
particles associated with the fluorescent narkers.
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