Det ection and Enuneration of M croorgani sns The present invention concerns
a nethod for detecting and enunerating viable m croorgani sns of the species
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Legionella, especially Legionella pneumophila, are pathogens that can cause an
acute bacterial pneumonia, generally known as "legionnaires disease”", which is
often lethal for infected individuals.
15
Traditionally detection and enumeration of Legionella pneumophila are achieved
by cell culturing. This method may be achieved by measuring culturable
bacteria using plate count or measuring micro-colonies employing a filter
membrane method. These techniques evaluate viable bacteria by their ability to
20 form a colony or micro-colony. Unfortunately, such methods usually require
between 3 and 10 days in order to allow the colonies or micro-colonies to form.
Where water installations are still in operation there is an unacceptable risk of

human infection during this time.

25 Other methods for detecting total Legionella microorganisms include PCR
(Polymerase Chain Reaction) techniques. PCR employs DNA polymerase to
amplify a piece of DNA by in vitro enzymatic replication. During the progression
of the technique the DNA generated is used as a template for replication which
brings about a chain reaction in which the DNA template is exponentially

30 amplified. PCR enables a single or few copies of a piece of DNA to be

amplified by generating millions or more copies of the DNA piece. Typically



of the technique the DNA generated is used as a tenplate for replication
whi ch brings about a chain reaction in which the DNA tenplate is
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Another technique is fluorescent in situ hybridisation (FISH) in which an
oligonucleotidic probe labelled by a fluorescent substance penetrates into the
bacteria cells. Where the ribosomal nucleic acids (rRNA) have the correct

15 sequence to the probe known as the target, the probe will attach itself to its
target and will not be removed by any subsequent washing step. The bacteria
in which the probe is fixed will then emit a fluorescent signal. This fluorescent
signal may then be quantified by techniques such as flow cytometry, solid phase
cytometry, or epifluorescent microscopy. A typical FISH technique is described

20 by Dutil S et al J Appl Microbiol. 2006 May;100(5):955-63. However, using the
FISH technique alone the total number of viable Legionella pneumophila could
be detected but unfortunately the method could not exclusively identify only
those Legionella pneumophila bacteria able to divide and by consequence
make a colony.

25
A further method for enumerating viable Legionella pneumophila involves
ChemChrome V6 and is described by Delgado-Viscogliosi et al Appl Environ
Microbiol. 2005 Jul;71(7):4086-96. This method allows the quantification of
Legionella pneumophila as well as discrimination between viable and non-viable

30 bacteria. It combines specific detection of Legionella cells using antibodies and

a bacterial viability marker (ChemChrome V6) and employing epifluorescent



be detected but unfortunately the nmethod could not exclusively identify
only those Legionella pneunophila bacteria able to divide and by
consequenwe 20ke1R7col ony. A further nethod for enuneratricmgrricosr9o

Legi onel I a pneunophila i nvol ves ChenChrone V6 and is described by

Del gado- Vi scogliosi et al Appl Environ Mcrobiol. 2005 Jul;71 (7):4086-96.
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inriver water" pp 340-346, J. App. Mcrobiol. Vol 83, 1997 describes the

use of di rl'é@UeYﬂrémSIW@W%@@@HWG@W@”@@ﬂ‘f@uﬁ‘pem fic markers. Piqueres et al.
"A conbi nation of direct viable count and fluorescent in situ hybridisation
for estimating Helicobacter pylori cell viability" pp 345-349 Res.
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water" pp 340-346, J. App. Microbiol. Vol 83, 1997 describes the use of direct

viability count (DVC) using specific markers.

Piqueres et al. “A combination of direct viable count and fluorescent in situ

15 hybridisation for estimating Helicobacter pylori cell viability" pp 345-349 Res.
Macrobiol. Vol 157, 2006 Jjemba et al. “In situ enumeration and probing of
pyrene degrading soil bacteria" pp 287-298 FEMS Microbiol. Ecol. Vol. 55, 2006
both refer to DVC-FISH but for microorganisms unrelated to Legionella
pneumophila.

20
EP-A-1852512 describes a method for identification and enumeration of several
pathogenic microorganisms including Legionella pneumophila. The method
incorporates the direct viability count (DVC) and the fluorescence in situ
hybridisation (FISH) but also employs a helper probe in order to amplify the

25 signal. Helper probes are unlablled oligonucleotides that bind to regions
adjacent to that targeted by the specific labelled probe. This enhances in situ

accessibility and hence the probe conferred signal.

The method described in EP-A-1852512 is said to employ a DNA gyrase
30 inhibitor such as nalidixic acid, which stops cell division, increases the

intracellular rRNA content and the cellular length of sensitive cells. However, in
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According to the present invention we provide a method for detecting and
enumerating viable microorganisms in a sample suspected of containing said
microorganisms comprising:
(1) contacting said sample with a cell nutritive resource and a cellular
15  proliferation inhibitor,
(2) contacting said sample with at least one fluorescence labelled
oligonucleotidic probe able to specifically hybridise at least one portion of
ribosomal nucleic acids of said microorganisms,
(3) detecting and quantifying the fluorescent signal,
20 in which the microorganisms are of the species Legionella pneumophila and in
which the cellular proliferation inhibitor is selected from the group consisting of

ciprofloxacin and cephalexin.

Generally each of the steps are carried out sequentially in which step (2) is
25 performed on the sample so treated in step (1) and then step (3) is conducted

following step (2).

Step 1 of the inventive method is known as Direct Viable Count (DVC) which is
based on incubating a bacteria in the presence of an antibiotic or DNA gyrase
30 inhibitor which blocks the cellular division without deteriorating the cellular

metabolism. Therefore the living bacteria will tend to elongate but not divide



( 1) contacting said sanple with a cell nutritive resource and a cellul ar
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m croorgani sns are of the species Legignella pneunophila and in which the
cellular proliferation inhibitor is selected fromthe group consisting of
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10
We have found unexpectedly that ciprofloxacin and cephalexin are very
effective DNA gyrase inhibitors. Both of ciprofloxacin and cephalexin allow the
Legionella pneumophila cells to elongate in preparation for cell division but
actually block these elongated cells from dividing. By contrast nalidixic acid

15 does not provide sufficient elongation of the Legionella pneumophila cells to be
effective for the present method. Advantageously we find that the method of the
present invention enables Legionella pneumophila to be identified and
quantified reliably and within a timescale normally of less than 24 hours. This
provides significant improvements in water sanitary control.

20
The ciprofloxacin or cephalexin may be used in any effective amount. Typically
this would be in concentrations of up to 20 mg/L or higher within the medium
contained in the cell nutritive resource. Preferably the concentrations are
between 1 and 10 mg/L. Preferably the cellular proliferation inhibitor is

25 ciprofloxacin. We have found the greatest cellular elongation can be achieved
when the concentration of ciprofloxacin is between 2 and 6 mg/L after a duration

of 12 hours, especially between 3 and 5 mg/L.

The cell nutritive resource should contain any suitable growth medium
30 composition applicable to the DVC method and suitable for Legionella

pneumophila. A suitable medium composition may comprise a medium,
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descri bed duppldhgent suitable for the DVC method, for instance has described in standard
method T 90-431 (as given above). Nevertheless the concentration of each
antibiotic in general should be adapted for the particular liquid medium.
However, it would not necessarily be detrimental in cases where these other
15  microorganisms are not completely eliminated since step 2 will usually be

sufficiently specific to overcome the effect of interfering bacteria.

Although the growth supplement is not essential to allow growth of the
Legionella pneumophila bacteria, it can optimise its growth. Legionella

20  pneumophila is characterised by doubling in 120 min (under optimum
conditions). However, we have found that in some cases the viable Legionella
pneumophila bacteria which are able to form colonies may not necessarily form
colonies immediately and instead undergo a delay or lag phase before growth
commences. This lag phase can be between 8 to more than 20 hours in the

25 function of initial physiological state.

In a preferred form of the present invention the lag phase for Legionella

pneumophila can be reduced by including as the growth supplement and

antioxidant reagent into the cell nutritive resource. The antioxidant reagent may
30 act directly upon reactive oxygen species (ROS) or by other means such as

causing an effect on the metabolism of the microorganism, directly or indirectly,
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acids or their salts. A particularly preferred compound is glutamic acid or

glutamate salt.

In a still further preferred form of the invention the cell nutritive resource would
15 include glutamic acid or glutamate salt, especially the sodium salt. In general
the amount of glutamic acid or glutamate will be between 0.01 and 5% by

weight calculated as the sodium salt.

It is particularly preferred that the cell nutritive resource includes both pyruvic

20 acid or pyruvate (especially the sodium salt) together with glutamic acid or
glutamate (especially as the sodium salt). This combination of pyruvic acid or
pyruvate with glutamic acid or glutamate seems to induce a synergistic effect in
that it allows a higher estimation (and therefore more accurate estimation) of
culturable Legionella than either compound respectively used alone.

25 Furthermore we have found that this combination brings about a further
reduction of lag phase during development of the Legionella pneumophila, in
particular in a liquid medium. Such a reduction of lag phase in liquid medium
results in a reduction of the time required to obtain a visible colony on agar
plate.

30
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metabolism of Legionella to increase the effect of pyruvate and that this
interference with the metabolism of Legionella indirectly inhibits the formation of
and/or degrades intracellular ROS.

15 The method of the present invention can enable a shorter incubation period to
be employed, desirably no more than about 24 hours. Preferably this can be
reduced to 12 hours, especially when there is a low occurrence of bacterial

interference and/or high occurrence of Legionella pneumophila bacteria.

20 The sample may be collected from any suitable location. This may for instance
be a sample of water from recirculating water in a cooling system. However,
desirably the sample may be obtained from water in the form of an aerosol.
Typically the aerosol may be located in a cooling tower or air conditionner.
Desirably the water condensed from the aerosol before testing according to the

25 method of the present invention.

The mode of incubation can be as defined in literature describing the DVC
procedure. Such a method can include sample filtration and then filter
incubation on pads soaked with the medium. Preferably according to the

30 present invention the sample, or concentrated sample, is directly incubated with

the medium and then filtrated. In this way we can reduce the risk of losing
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desi r abl y thhearsaaquieeusaylutien® bf alcoleals for aldehgties whithtdre miscibleokitan aer osol .

Typi caly v the apsasol sy, e d RSRt S ddhy B 90 ok QBlonSle 2
paraformaldehyde, ethanol and/or methanol. Typically solutions of
formaldehyde or paraformaldehyde can be up to 10% by weight and preferably
between 1 and 5%. Usually the alcohols will be at least 50% by weight and
generally between 60 and 90% by weight. Preferably this treatment can be

15 achieved by sequential treatment with one or more of these solutions.
Preferably the treatment may comprise a solution of between 1 and 5%
formaldehyde or paraformaldehyde followed by two or three solutions of ethanol

or methanol of increasing strength between 50% and 90%.

20 The FISH procedure then employs a hybridisation procedure by employing a
hybridisation buffer containing at least one fluorescence labelled
oligonucleotidic probe comprising an oligonucleotide with attached fluorescent
marker in which the oligonucleotide is capable of targeting a specific sequence
within the cell. The oligonucleotidic probes penetrate the external membrane of

25 the cells and bind to the target sequence corresponding to the oligonucleotide.
Binding will be understood to mean the formation of hydrogen bonds between
complimentary nucleic acid pieces. In the FISH technique the oligonucleotidic
probes are complimentary and capable of binding to a certain region of the
ribosomal target sequence within the microorganism. Typically the probes

30 comprise between 15 and 30 bases in length as single-stranded



Desirably the water condensed fromthe aerosol before testing according to
the nmethod of the present invention. The nbde of incubation can be as

def i ned iwol2odenat2ur e descri bi ng the DVC procedure. Suclrca/preicoss2ean

i nclude sanple filtration and then filter incubation on pads soaked wth
the nedium Preferably according to the present invention the sanple, or
concentrated sanple, is directly incubayed with the nedium and then
filtrated. In this way we can reduce the risk of |osingbacteria during the

| ncubat i OryRORES RIS aBid DSk R 4R difabel fdé)géecﬁl‘r{f td gget're MH%Ipe@l’ﬁc for

I nstance oxygén transfer or agitation of the sanple.

i nvent i ve todhéoticroargagigih.oy a standard FI SH protocol. In the f| rst part of

the FISH procedure the cells may be fixed by treating the external nenbrane

or envel ope of the cell to nake it perneable to the oligonucleotidic

probes. Ge'ﬁt‘erellgdﬁutllebﬂdlwidrd)bé:)eh@.ﬂdjlidesmbljabewe'.p”egnffcinbd&gmsatby-\mN mes that are

aqueou§ sol utlon of a cohol s or. al dehydes V\[f]él ch are m sci | wat er at
|

25C. S t dBPRE] %Bﬁelaopn%fr'a%‘i’{y’ées“ﬁy |99quCiegidigiP hic apa@ ? | dehyde,
et hanol angdfdqat mMBlBadtismd ¥Pineaddekiesal dfidine p?feuhwﬁ%%twste

par af or mal dehyde can be up to 10% by wei ght and preferably between 1 and

5% Usual |e,mwlﬁ¢eca|FEfefﬂ5a§Iy\kh¢ prake wil hee%eéﬁcte@@myth@egrgh@ cerrmsiyagnefr al |y
bet ween 6G;gp @r%%% %wﬁ&ﬁ@ Ghrfh et aPlde e%wltﬁ ald %aB ?)f i eved by
t r ea one r erera

sequenti al or nore o ese solu ns bly the
treat ment @A Qm@ﬁ'rGGé:AeG S MTYLEGPNE Thabhe d8EQ Iaﬁ)nllsioa% ﬂescmaldeddiyyde or

par af or mal eh de fal I sol utiqns of et hanol met hanol
of indPead X&?tr% 1819 ﬁ%@ﬁ#ﬁ:@@&aﬁ@&gg%mg a é % Base sequence Of

ATCTG ACCGT CCCAG GTT, and LP2 probe (SEQ ID No 23) described by

Yamamoto et al 1993 having a 5' 3' base sequence of AGCTT TCATC CAAAG

ATA.

15 It may also be desirable to alternatively employ probes with sequences having
at least 70%, preferably at least 80% and more preferably at least 90% identity
with any of the three probes PNE 1 probe, LEGPNE 1 probe, or LP2 probe.

In order to overcome the risk of falsely identified microorganisms that are

20 naturally fluorescent, a preferred form of the invention employs two nucleotidic
probes. One probe targets all microorganisms from the Legionella genus and
the second probe is designed to hybridise specifically microorganisms of
Legionella pneumophila species. Each probe is labelled with different
fluorescent dyes. The microorganisms that are naturally fluorescent will be

25 fluorescent in only a specific wavelength or narrow band of wavelengths and
consequently using the two probes with different dyes that fluoresce at different
wavelengths allows naturally fluorescent microorganisms that are not

specifically Legionella pneumophila to be eliminated.

30 In this preferred form of the invention the first probe will hybridise

microorganisms belonging to the Legionella genus, which includes but is not



The FI SH procedure then enpl oys a hybridisation procedure by enploying a
hybri di sation buffer containing at | east one fluorescence | abelled

ol i gonuclwot2n@/e1robe conpri sing an ol i gonucl eoti de wi tPhTatP@ohsz299
fluorescent marker in which the oligonucleotide is capable of targeting a

specific sequence within the cell. The oligonucl eotidic probes penetrate
the external nenbrane of the cells and4pind to the target sequence
corresponding to the oligonucleotide. Binding will be understood to nmean

the formatineddb oyt ﬁéﬂl‘éWo@%ghggtﬂ’l@g%hé?@%’r‘daﬁ%”?.@{;%n@ﬂb%ﬁfs& aci d pi eces.

In the FI SH techni que the nucl eoti di c probes are conplimentary and
capabl e ofLaﬂlcmﬁllﬁqmearrwpdﬂéat ihﬁ firglgirohe ¢ain tChmptﬂrsa@smmottd@rtbet caequence

wi L n. 0oy GEAST AR 3o THAl Cal oheb herPoabeRLEIL LR e 16 and 30

bases in Iength as tran XYTi acid” pieces and are
di rected thegﬁoﬁqﬂecgefnue Typigily thegrsmr@bzecarf be ahp of e pmobeeee@amosm The

ol i gon cleotl robe shoul d Sir be a ri bos 16S
o obe 5 ST e BIOXPHATRIRIBRIT B bs’ B9 PERim IRl der fesaseatn Hanz

speci fi Ca'ét)élt Mot H CII0B) dRRI S5’ Bhsé B@q@eﬁ%‘ ST TIEETAQETEs Pregepphi | a
may be errpl 0 ed Preferably the probe will be selected fromthe group

consi sti ng® @NE—@%’%Q)ID@bGé§EQ A’ dyeseiibed etManz ebglg(Mpnhekals' 3' base
3?23??3&0{?9%8 | Eﬁe%ag%gﬁanggeﬂier C%%gc)?{s‘@ggé\ﬁ@j EBQQ EZ) 3' base
sequence dIegﬁWCII' GrEOCSE@UIAR Aescribed i Peskataobial/( GEQkEID dial. 28050 escr i bed
by Yamgot, et 2k 1993 Ml ngoPeiTch TR REMAGRET, (ASTLTalH TC CAMG

probe (SEQ ID n°10) described in Leskela et al. (Leskela et al. 2005) with a &' 3'

base sequence of CACTG TATGT CAAGG GTAGG, the Leg120v probe (SEQ

ID n°11) described in Buchbinder et al. (Bushbinder et al. 2002) with a 5' 3' base

sequence of AAGGC ATATT CCTAC GCG.

15

It may also be desirable to alternatively employ probes with sequences having

at least 70%, preferably at least 80% and more preferably at least 90% identity

with any of the three probes LEG705 probe, LEG226 probe, Legall11 probe,

Legall22 probe, and Leg120v probe.

20
The second probe can hybridise only the specific species of Legionella
pneumophila and can be any of the aforementioned nucleotidic probes with this
characteristic e.g. any of the three probes PNE 1 probe, LEGPNE 1 probe, or
LP2 probe.

25

Any of the fluorescent dyes known to be compatible with the appropriate
emission/excitation spectra of FITC (for instance Syto9, Alexa 488 etc) or Cy3

(for instance Rhodamine, Alexa 583 etc) can be used.

30 Step 3 involves quantifying relevant bacteria using a microscope. This can be

achieved manually or automatically, for instance using an epifluorescent



It may al so be desirable to alternatively enpl oy probes with sequences
having at |east 70% preferably at |east 80% and nore preferably at |east
90% i dentwoyowit2ii72any of the three probes PNE 1 probe, pEGRRR00D/0p32090e, oOr
LP2 probe. In order to overconme the risk of falsely identified

m croorgani snms that are naturally fluorescent, a preferred formof the

i nvention enploys two nucl eotidic probgs. One probe targets all

m croorgani sms fromthe Legionella genus and the second probe is designed

to hybridi rﬁ%r@s%%gg{ ffeaéﬂablyrfhero%%&iaﬂia%@%o%tih@a'f BAGLYA | RALEBY I kA, speci es.

Each probe is |abelled wth different fluorescent dyes. The nicroorgani sns
that are ratrdizatign fnddxed oo filtgrineed éhé Lee pbeierAscAne emligred witkanfi c

wavel engt F%qumq}%ée%\ej?%gggnpf wavel engt hs and consequently using the two

probes wt ren yes ‘that fluoresce at different wavel engths all ows
naturally fluorescent mcroorgani sns that are not specifically Legionella
pneunophila to be eljmnated.. Ip this efe d formof _the inyention the
Prret Bronsuiabia Seipsioniperos Brbied B BRLAGH 530y THe Ay | a
genus, Whi@riigsh paedidh, iGerRRinkd M p&SSidIe td-89: BREéMbear RRIBRYRARRy
Legi onel | a jordanis, Leglonella ani sa, Legionella pneunophila. Thi's first
probe can dysmPeddYARBEhesungs) toriateetandmat (Gbeled bastegat Hawe vl

sequence f i i t hin. i ) pically
the first Droyaen dan bTeRAhrd o8 M st PRRtorta B D ank Eonei 11 ng
of the LEGAQOS lipitaue p(@Eacd!It®uséontests labelied prodlenz et al. (Manz et al. 1995)
wth a|05' 3' base sequence of CTGGI GITCC TTCCG ATC, the LE&26 probe (SEQ
| D n8) “described in Manz et al. (Manz et al. 1995), with a 5 3' base

sequence acaHVPRA gAML prefdrred BEpecially according to the aforementioned
preferred aspect of the invention employing at least two probes, since this
technique permits the use of two different fluorescent signals in order to
eliminate naturally fluorescent microorganisms that are not Legionella

15  pneumophila.

The method according to present invention facilitates the accurate and rapid

quantitative determination for the existence of Legionella pneumophila. The

method is suitable for detecting Legionella pneumophila in samples derived
20 from any of the group selected from industrial cooling waters, drinking waters,

and natural waters.

The present invention also incorporates a kit for more rapidly detecting and
enumerating viable microorganisms of the species Legionella pneumophila in a
25 sample suspected of containing said microorganisms comprising:
(1) a cell nutritive resource,
(2) a cellular proliferation inhibitor,
(3) at least one fluorescence labelled oligonucleotidic probe able to
specifically hybridise at least one portion of ribosomal nucleic acids of said
30  microorganisms,

(4) a means for detecting and quantifying the fluorescent signal,



Legal | H probe (SEQ I D n9) described in Leskela et al. (Leskela et al. 2005)
with a 5 3" base sequence of CCTCC TCCCC ACTGA AAGIT, the Legall 22 probe
(SEQ | D Mi0Oro@erer2vbed in Leskela et al. (Leskela et al pc2@P2)oosizhoa 5 3’
base sequence of CACTG TATGI CAAGG GIAGG, the Legl20v probe (SEQ ID nl1 1)
described in Buchbinder et al. (Bushbinder et al. 2002) with a 5 3" base
sequence of AAGGC ATATT CCTAC GCG It Hgy al so be desirable to
alternatively enploy probes with sequences having at |east 70% preferably

at | east §RWrAHHEAURE BFSH@RLiYN FhibiRRH sd0deb 9@ tHe/grubRoABK:Rg t he
t hree probes LEG/05 probe, LEG226 probe, Legal | H probe; Legall 22 probe, and

Leg120v prajisiprofigracyeanthaepiaddncan hybri di se only the specific species of
Legi onel | a pneunophila and can be any of the aforenmentioned nucleotidic
probes with this characteristic e.g. any of the three probes PNE 1 probe,
LEGPNE 1 dnchsreferred o kibmayAsoynmisetthe fdllowitigsaetidnsd paaediomwn to be

conpatible with the appropriate em ssion/excitgtion spectra of FITC (for
nstande SARRPSIARS RBCLEBS VR ItgH Con SF ey L IEe RIBEHPIAS® Al exa 583
etc) can %mmi%rﬁiﬁ%tﬁe EXYERH Y BfenibiARE ioF BhB@rib o ¥idindeae rRaldahiEd; NG @
m croscope. This can be achieved manually or automatically, for 1nstance

usi ng an ephydrigisadionseiuiionr s dugienceraedescibeg abioyeduhisbtshorlddrimedant i ng of
bact o LSRRkt N8 Yol Bl bt ARi0d 4o 8RBt L gheec he
det ect i on dgheuidles madel updshdChe b&ivae uRE) nuatelc Sciafiofesdeage dye) foa TM
10 instance DAPI which could be dehydrated for long storage; an anti fading
mounting reagent. Preferably the kit may comprise filters. More preferably the
kit may additionally comprise a physiological buffer; ethanol solutions of
strength varying between 50 and 90%; and sterile water. The kit may also
contain Eppendorf, for instance 2 ml.
15
Kit may also contain any of the embodiments described in regard to the first

aspect of the invention.

The kit is suitable for use with the method of the present invention and enables

20 rapidly and reliable enumeration of Legionella pneumophila.

The following examples illustrate the invention.



(Vernicon AG Minich, Germany). It possible to use chenscan (solid
cytonetry devel oped by AESChenunex) to detect and count | abelled bacteria.
However, wbi2sospst2zem can be use only 1 set of emi ssion/ ekTiEPat090OF3209 I T Or
(488 nm and thus limt our protocol to use only one | abelled probe.
ScanVI T- Legionella TMis preferred especially according to the
af orenenti oned preferred aspect of theqgnvention enploying at |east two
probes, since this technique permts the use of two different fluorescent
signals irEgQfee 1o elimnate naturally fluorescent mcroorganisns that are
not Legi onefTa pneunophila. The method according to present invention
facilitates the accurate and rapid quantitative determ nation for the
exi stence pf i ’ i|.a i S SU I tecting
Cegi onel | & bAERRBEAPRainRPA REERGon b BatfrecRinliid b RE BelslartlEhec: ca
fromi ndysdimaad_:he:wiolz ﬂgs_p@t@hS,odeiﬂ&hiﬁl(lgnﬂ?@alyStheﬁmi su_a%?mﬂdén V@Bt)ds s. Thﬁ
present_ inventi.gn 0 or par at e it for nore rapidly detecting an
enuner &t 1 Hie0ii 3 e v BT ashy sl aRbiepaemieratus BGeo122 Srdahdphi | a i n
a sanpl e SHPTREYStPSuSRASRINMErBAnsRivdshd @ IHBE GrtisiBcHAMbABdN®, 040 1) a
cell nutritive resource, (H%% a cellular proliferatiion inhrbitor, (3) at
| east one X 9.UoPE3abARE ) MRBS &l 614 gonucl eoti dic probe able to specifically
hybri di se at | east one portion of ribosomal nucleic acids of said
m cr oor gani sms,

The both suspension are finally mixed in accord with table 1.

10
Table 1
% viable Cell ST [mi] S2 [ml]

100 0 2
50 1 1

10 1.8 0.2
1 1.98 0.02
0 2 0

Each mix is treated according to the experimental protocol below.
Results

15 The results are represented in figure 1. Figure 1 shows the correlation between
the standard method AFNOR (8 days) and the method of the present invention
requiring less than 24 hours. The results indicate a good correlation between
the two methods in terms of accuracy of identification of Legionella
pneumophila.

20

Experimental protocol




(4) a nmeans for detecting and quantifying the fluorescent signal,in which
the cellular proliferation inhibitor is selected fromthe group consisting
of ci profwoxa®/niand cephalexin. In a preferred form a lpCt/EPayIos3IPY i se t he
foll owi ng solutions: a nmedium conposition (as defined above) which can be
dehydrated for |long storage; a solution for fixing the external nmenbrane of
bacteria, for instance fornal dehyde; aqhybridisation solution, for instance
as descri bed above, which should be nade up shortly before use; a wash

sol ution, d4h I'eQ?V%ﬂﬁ@re&ﬁte%ﬁ%d&@@-ﬁﬂﬁ%arﬂ@ﬂ&m shpnbdrdisi-8Reeup shortly

bef ore use; nuc ei ¢ acid fluorescence or instance DAPI which could be
dehydr at eopdmarbmege smenbrgae (Milipgrei GfTa%il’ioﬁéo%lEﬂtar&g/ereagm twptieeer abl y
the kit r e Kt E onaIIy
conpri seng'y'trﬁimlc%%c’cdé'l&% ?nd Wén?{j %@ﬁ(&)‘%& +¥' e|trﬁ(}5ntsu%of %%F%ﬁ]Jar yi ng

bet ween 5Qontainif g% maolsdtitton AeTusdsewereldreakient1 miryated GHr @OGD ahfterEppendor f,
for %taqr e 2 m. Kit y al so .contai nﬂ\'/h Oo[rl't e enbodi nents described in
regard tRES FEMAING SAEBISUSPERFRN Was earliie RIQWS s suitable for use
with the nethod of the present invention and enables rapidly and reliable
enuner ation of Legionella pneunophila. The follow ng exanples illustrate

the inventi of. BOANYIOESUSHENSIEY Ieﬁ@noae@ﬁéamwm|Iraa§tﬁ§ﬂ>eh§qeo¢pr&@mmgna|
f
concentrat | O“t go*eoo%ﬂ%f%ﬁfn&ﬁ 'Ba‘r”keé @gfé ?r%?nsuﬁﬁ%jaetga' @%gsogﬁﬁjf’?‘ﬁvf) same

vol une. Onl suspensi on
f or mal dehyde at45a@bmtmag|ta$|mpeAﬁenmeuh§allbnt euﬂﬁer@)orfsomerﬁ(ﬂltmsrd thidweghoot h

suspenl%)i on are Ztg] g%me%er tO}H ﬁ?n ;gcljrre?sslzeb%h?g%%rycar na e megnGDrane
(Millipore, GTTP02500) and were fixed with solution C at ambient
temperature (20 to 22°C) for 30 min. Filters were rinsed two times with
phosphate buffered saline (pH 7.4) and air dried
2. 500 pl of suspensions were directly filtered through 25-mm-diameter, 0.2-

15 MmM-pore-size white polycarbonate membrane (Millipore, GTTP02500)
and were fixed with solution C at ambient temperature (20 to 22°C) for 30
min. Filters were rinsed two times with phosphate buffered saline (pH
7.4) and air dried

20 Filters were dehydrated by sequential washes in Solution D, Solution E and
Solution F (2 min each) and then dried by incubation 30 min at 37°C. Filters
were disposed on slide and 50 ul of Solution G was applied to the filter. A cover
slip was disposed on filter to avoid dehydration. Hybridization was performed for
2 hours at 46 + 1°C in a moisture chamber. Then the filters were washed three

25 times 5 ml of solution H preheated at 46°C and then rinsed two times with sterile
water. Filters were incubated 15 min with 1 ml of Solution | and rinse two times
with sterile water. After air dried, filters were finally mounted on a slide with 20
pl of solution J. Hybridized cells were visualized by epifluorescence microscopy
with an x100 immersion objective lens and 2 emission/excitation filters: a 510 to

30 550 nm excitation filter and a 590 nm barrier filter.



X g, 5 mn at 200C), in PBS pH 7.4. The both suspension are finally m xed
in accord with table 1. Table 1 Each mx is treated according to the

experi menvelzopraincol bel ow. Results The results are repcesPrdsdsi2oo figure
1. Figure 1 shows the correlation between the standard net hod AFNOR (8
days) and the nethod of the present invention requiring |ess than 24 hours.
The results indicate a good correl ati ongbetween the two nmethods in terns of
accuracy of identification of Legionella pneunophila. Experinental protoco
| Sanpl es (3dtigmre filtered through 25-mmdi aneter, 0.2-nm pore-size white
pol ycar bornate nenbrane (M I1|ipore, GITP02500). Filters were rinsed two
tinmes withrgdled of Sol ution A and were disposed in a sterile tube
(Eppendorf_2m ) containing 1 nm of solutign A  Tubes were shaken 1 mn at
30Hz (4C)|.SHY | filters r &Ry, each syspensi@NUBDKEPEORhed | i ke
foll ow 1—5QR0 f P 0 ase ] terrie tube
cont ai ni ng 5’8(0 0y P§$ps ?ultg?@éﬁro a'h@e e@pﬁv%re theﬁjwr%gdd %%éélg)@fhours at 37C
or 45C wifth agit a(F?Bﬁl) After incubation, suspen5| ons were fil tered t hr ough

25- m dl Irmt nl ] LILLLAN PUI \/ JI L\/ \l\lhl t\, I’\G! _y\.,ul lJUIIu ¥ anC \ VT I I I por e,
GTTP02500) afd we V@dfqn&ed with solution Clat anbi eﬁeet‘@%%?ature (20 to
22C) for 30 @ n. | Foink&88h B.79%N$S@nfavF -t mes w th phosphate buffered
saline (pH 7. 4) a?g?’éa)lr ried

D Ethanol 50%
E Ethanol 80%
F Ethanol 90%
G Hybridization Solution See Table 4
H Wash Solution See Table 5
I DAPI [0,5ug/ml] (Sigma, D- Nucleic Acid Fluorescent Dye
95421)
J Citifluor (Ted Pella, INC., 19476- | Anti-fading Mounting Reagent
A)
Medium 2X
5
Table 3
Compounds Concentration | CAS
Yeast Extract 20 g/L
Ferric Pyrophosphate 0.5¢g/L
L-Cysteine
(chlorydrate) 089l
Medium
o-ketoglutarate 2g/lL
Buffer
ACES/Potassium 2 g/L
Hydroxide




2 .

500 m of suspensions were directly filtered through 25-nmdi aneter,

0.2- mm pore-size white pol ycarbonate nenbrane (MI1ipore, GITP02500) and

wer e fixewlownddn2sbuti on C at anbient tenperature (20 t®c2a@poodo53289 m n.
Filters were rinsed two tinmes with phosphate buffered saline (pH 7.4) and

air dried Filters were dehydrated by sequenti al

washes in Sol ution D,

Solution E and Solution F (2 m n each)qand then dried by incubation 30 mn
at 37C. Filters were disposed on slide and 50 m of Solution G was applied
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All reactive were sterilized by filtration trough 0.2-um-pore-size nitrocellulose

membrane (Millipore, SLGS025 0S). For details of each set of reagent see

below.

Hybridization solution

Table

10

4

Compounds Concentration
formamide (Sigma, F-9037) 20%
NaCl (Sigma, S-9625) 09 M
SDS (Sigma, L-4522) 0.1%
Tris-HCI pH 7.2 (Sigma, T- 20 mM
2538)

membrane (Millipore, SLGS025 0S).

Probe used for FISH detection are: LEG705 (Eurogentec: 5'-
CTGGTGTTCCTTCCGATC-3’), specific of Legionellaceae and labelled with

15

All reactive were sterilized by filtration trough 0.2-um-pore-size nitrocellulose



Table 4 All reactive were sterilized by filtration trough 0.2-nm pore-size
nitrocell ul ose nenbrane (MI1lipore, SLGS025 OS). Probe used for FISH

det ecti orwenreoy/2EG705 ( Eurogentec: 5' - CTGGTGITCCTTCCGAPCTAPR009®pR299 fi Cc Of
Legi onel | aceae and | abel l ed wi thFI TC (Fl uorescei ne isothi ocyanate) and PNE1l
(Eurogentec: 5 - CTGGIGITCCTTCCGATC-3'), specific of Legionella pneunophila
genus and | abelled with Cy3. Probes weng added to hybridization solution at
final concentration of 1 ng/m . Wash solution Table 5 All reactive were
sterilizedrpy didreSidimisbiMbtganate? JMAOE £ (BibGehick! §cel | ul ose menbrane
(MI1lipore, SLGS025 OS). Exanple 2 The experinmental protocol of Exanple 1

i s appli edcteCGd GRpTETetIANG3]. $periinoff lagienglagmeumapsile ganvs anda gr een
fl uoresce - E1l second probe labelled with a red fluorescent dye.
Figure 2 g%%%%f@ﬁfcggses whi ch all ow Legi onel |l a pneunophila to be

di stinguished fromnaturally fluorescent bacteria. Referring to Figure 2 :
Case 1-Neither Green, neither red fluorescent bacterjum - cterium doesn't
ol ong 5t o HOGFHMENs BURERIB NI A CDSGBRBIA ANBHEIEHAIE ShEBDBb: Case
2-Only Geen fluorescent bacterium- the bacterium belongs to Legionella
genus OR i\gygBRLHILAbLY fluorescent;

Table 5
Compounds Concentration
NaCl (Sigma, S-9625) 215 mM
SDS (Sigma, L-4522) 0.1%
Tris-HCI pH 7.2 (Sigma, T- 20 mM
2538)

10
All reactive were sterilized by filtration trough 0.2-um-pore-size nitrocellulose
membrane (Millipore, SLGS025 0S).

Example 2
15  The experimental protocol of Example 1 is applied to a sample employing

leg705 first probe labelled with a green fluorescent dye and PNE1 second probe

labelled with a red fluorescent dye.

Figure 2 shows four cases which allow Legionella pneumophila to be

20 distinguished from naturally fluorescent bacteria. Referring to Figure 2:
Case 1-Neither Green, neither red fluorescent bacterium - bacterium doesn’t
belong to Legionella genus and to Legionella pneumophila species;

Case 2-Only Green fluorescent bacterium - the bacterium belongs to Legionella
25 genus OR is naturally fluorescent;

Case 3-Only Red bacterium - Despite red fluorescence, bacterium does not



Case 3-Only Red bacterium- Despite red fluorescence, bacterium does

not bel ong to Legi onel |l a pneunophila species because it is not green

f 1 uor escewd 200whi2t2us doesn't bel ong to Legi onel |l a genuspCThEPR0do@si2@9 i um i s
naturally red fluorescent; and Case 4-G een AND Red fl uorescent bacterium -
t he bacterium belongs to Legionella genus AND Legi onel |l a pneunophil a
species. Using this nmethod we can accungtely detect Legionella pneunophila
by limting the detection of naturally fluorescent bacteria which would

ot her wi se bRl ddIsh @Rl shduM Soraehetid bethgsd NEIndigpbEn fisorkiEsr_descr i bed
in Gimmet al”. (Gilmmet al., 1998). Specific sequence is : 5 -ATC TGA CCG
TCC CAG GEndthusldeesetpeiengitebegioselad genusddsisy baerium isvaatprally rafl. (Manz et
al ., 1995) i.f.i equence is : '-CITGGIGITCCTTCCGATC-S' Three dyes were
used in trﬂuso%%(séﬁ’aa%eosused as follows: The first dye is used to stain
nucleic acid of all mcro organisns. DAPI is used to stain bacteria in blue

under excitatjon. i ye is not coupled wth an oligonuc]eotidic

bt obe. STheas bend N Bed:feressapt eactanh -ohe BAREEHERAGNES t5 obe to al | ow
speci fi c delpsidiarhentiB @ND 1 BBioHERS phBishopRilLe s eri zed by two different
spectra of excitation/emssion. In the test FITC and Cy3 are used, which

are the nost conmmonly dyes used to FISH detection, but nmany dyes with
r espect i velsing His swaieod pecianacsueatealy detedilLegiaslie peelriiopilalby imiteghod f or

detecting tﬁg%ef)e%‘tﬁgﬁro?kgpﬂalw AR Es Bt baSEA r\'/\i/h%WwioUIdaotﬁMéeefalsely

indicate this bacteria.

10  The PNE1 probe is first described in Grimm et al. (Grimm et al., 1998). Specific
sequence is : 5-ATC TGA CCG TCC CAG GTT-3’

The Leg705 probe is first described in Manz et al. (Manz et al., 1995). Specific
sequence is : 5’-CTGGTGTTCCTTCCGATC-3

Three dyes were used in this test are used as follows:

15 The first dye is used to stain nucleic acid of all micro organisms. DAPI is used to
stain bacteria in blue under UV excitation. This dye is not coupled with an

oligonucleotidic probe.

The second two dyes are coupled with oligonucleotidic probe to allow specific

detection. These two dyes must be characterized by two different spectra of
20 excitation/emission. In the test FITC and Cy3 are used, which are the most

commonly dyes used to FISH detection, but many dyes with respectively the

same spectra are available.

25



suspected of containing said m croorganisns conprising: ( 1) contacting
said sanple with a cell nutritive resource and a cellular proliferation

i nhi bi t orwwo(8)9/eonracti ng said sanple with at | east onepCirmre@sosinee

| abel | ed ol i gonucl eotidic probe able to specifically hybridise at |east one
portion of ribosomal nucleic acids of said mcroorganisns, (3) detecting
and quantifying the fluorescent signalggin which the m croorgani sns are of
t he speci es Legionella pneunophila and in which the cellular proliferation

inhibitor is selected fromthe group consisting of ciprofloxacin and

cephal exi

n. 2.

A nmet hod according to claim11 in which the cel

nutritive

resourcetﬁaﬁégp 1) contains a grow h suppl enent which conprises an

ant i oxi dant

accordin

ta hlaim‘l

oL

preferably pyruvic acid (or salt thereof).
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Is contacted wwth at |east a first probe and a second probe in which the
first probe is able to specifically hybridise at | east one portion of

ri bosomalwouwodeize72aci ds of said m croorgani sms and t he sermpdoopnsizesi s abl e
to specifically hybridise at |east one different portion of ribosom

nucl eic acids of the m croorganisns. 7. A nethod according to any preceding
claimin which in step (2) said sanplezis contacted with at |east a first
probe and a second probe in which the firstprobe is able to specifically
hybri di se @gjshgast one portion of ribosomal nucleic acids all belonging to
Legi onel |l a genus and in which the second probe is able to specifically
hybri di se ‘at Alregtbod deredgiestingorncognurnerating vibraamiciaerganismeindssamplebel ongi ng

to Legion i Yol t ording to claim7 in
whi ch the%qsﬁgﬁgg%gma'srﬁ@ Pg@trﬁ@?o?%?n'ﬁ?ﬁg Clgaﬁgiﬂ%ﬁ‘?msi sting of the LEG705
probe; the LEGI2Bcotattig $die shepsd With progtiavutritive resguarce 22dpr edliejarand t he
Legl20y probe. 9. A nethod according to any preceding claimin which step
(3) is\éperHrBH'fﬁ‘é%'OQd@%rE‘é?ri’cal |y using an epifluorescent mcroscope. 10. A

met hod accor di Rg) Eéhtahgd¥H¢ 8Pl witRiaMeaBt ¥he fillorebeeri@Bb&lIdss derived from
any of the group selected fromindustrial cooling waters, drinking waters,

and nat ur &ligpaveeatidia probe able &e spegitcallypivarigisa et eest age aadiodiner at i ng
oo, SRR B R SREFEGLERGRE, Lo preumen 12, 10 2 samle
nutritive resoyBreetecting and quantifying the fluorescent signal, -

10  in which the microorganisms are of the species Legionella pneumophila and in
which the cellular proliferation inhibitor is selected from the group consisting of
ciprofloxacin and cephalexin.

2. A method according to claim 1 in which the cell nutritive resource of step 1)
contains a growth supplement which comprises an antioxidant, preferably

15  pyruvic acid (or salt thereof).

3. A method according to claim 1 or claim 2 in which the cell nutritive resource
of step 1) contains glutamic acid (or salt thereof).

4. A method according to any preceding claim in which the cell nutritive
resource of step 1) contains glutamic acid (or salt thereof) and pyruvic acid (or

20 salt thereof).

5. A method according to any preceding claim in which the oligonucleotidic
probe is selected from the group consisting of PNE 1 probe; LEGPNE 1 probe;
and LP2 probe.

6. A method according to any preceding claim in which in step (2) said sample

25 is contacted with at least a first probe and a second probe in which the first
probe is able to specifically hybridise at least one portion of ribosomal nucleic
acids of said microorganisms and the second probe is able to specifically
hybridise at least one different portion of ribosomal nucleic acids of the
microorganisms.

30 7. A method according to any preceding claim in which in step (2) said sample

is contacted with at least a first probe and a second probe in which the first



(2) a cellular proliferation inhibitor, (3) at |east one fluorescence
| abel | ed ol i gonucl eotidic probe able to specifically hybridise at | east one
porti on ovoru@oorl nucleic acids of said mcroorgani srer/Hpd)osasszeans for

detecting and quantifying the fluorescent signal, in which the cellular
proliferation inhibitor is selected fromthe group consisting of
ci profl oxacin and cephal exi n. 22

probe is able to specifically hybridise at least one portion of ribosomal nucleic
acids all belonging to Legionella genus and in which the second probe is able to
specifically hybridise at least one portion of the ribosomal nucleic acids all
belonging to Legionella pneumophila species.

5 8. A method according to claim 7 in which the first probe is selected from the
group consisting of the LEG705 probe; the LEG226 probe; the Legall11 probe;
the Legall22 probe; and the Leg120v probe.

9. A method according to any preceding claim in which step (3) is performed
automatically using an epifluorescent microscope.

10 10. A method according to any preceding claim in which the sample is derived
from any of the group selected from industrial cooling waters, drinking waters,
and natural waters.

11. Kit for more rapidly detecting and enumerating viable microorganisms of
the species Legionella pneumophila in a sample suspected of containing said

15  microorganisms comprising:

(1) a cell nutritive resource,

(2) a cellular proliferation inhibitor,

(3) at least one fluorescence labelled oligonucleotidic probe able to
specifically hybridise at least one portion of ribosomal nucleic acids of said

20  microorganisms,

(4) a means for detecting and quantifying the fluorescent signal,
in which the cellular proliferation inhibitor is selected from the group consisting

of ciprofloxacin and cephalexin.

25



