1 Detection and Enuneration of M croorgani sns The present invention
concerns r detecting and enunerating viable mcro ani sms
of the sptaa‘é’ggég}ﬁggi[zgnel | a pneu?mphl la in a sanple. The BT Wéﬂ@%ﬁﬁ”

al so includes a kit suitable for use in such a nethod. This nethod
‘and kit enable viable mcroorganisns ta}ebe quantified nore rapidly.
Legi onel | a bacteria are ubi quitous in wet or noist environments such
as soil and bltats They can al so be found in
war m and o€ gor+Ag towers of air

condi tioni ng systens and vvat er hum d| fiers. Leg/one/la, especially

Leg/ one/l a pneu i.la, are at hogens that can cause an acute
bacteri al pﬁ'&ﬁfﬁﬁ&g InygHan o1 %P%g\mﬁt%%d for dgfesinmpndenyneatiagviabighi ch

is often | ehidpdorgaHi srh@f)ﬁﬁb%‘éeb@g'L‘éQBHéf!aSpneWno-Bh@QIrFa Q:E'rﬁglley T‘F'\%t ection

and enuneration of Leg/one/ pneunophi |'a_are achi eved

cul turi . 'mr&mﬁ@ﬁ@dacl%@ﬁ wt geilabls /g upg imeebar mﬁtjmémTﬂwaguh@d and
bacteria ugi | 15 pHEh RS enpl oyi ng a
filter nenbrlta%eaer;ﬁlﬁ%g Thg?éa‘”t echnldq sa‘mel%c{)rggtfge'%@!oz)ﬁl e bacteria by
their ability to 20 forma colony or mcro-colony. Unfortunately,
such net ho s t ow
t he col oni g:e or ?‘%E?%t%ﬁ% L%@g?&kdﬁ@? Bt %g%geﬁﬁﬁeﬂks%ﬁ g,ts:%g%bhar e
still in opwnanpime agustie habitata. thay:cerpaablbe fourgkinofartruamchcaldh fvatdri on

i cr oor aniarialatent boohilElouHES PGP o A Sl o Roter BERRIRiES.

PCR enpl oys DNA pol ynerase to anplify a piece of DNA by in vitro

Ere o oS5 eV B AR RR B b A8
abo:Jt f a gheacutertwﬂ:@abpnemwﬂnapd;ertelr@!cym%wheﬁpI@Iicfmnlaﬁe§mpeziw?'llvg)ﬁlliih}e 38
anplifie 0 ew copies of a piece o to be
anplified eaé%tﬁ?lﬁjg Becltﬁci 'Pﬁ%ﬂ E?r nore copi es of the DNA piece.

Typi caldlsy 2 such a method is described by Diederen et al., J Md

M cr obi ol ;, 56 . 94-101. wever a drawback of PCR is
that the sar‘f’fﬁ‘i9 e‘éﬁﬁ?eccag'aBﬂéépHmSEﬂtVH\?ngggPWfﬁ ppeugORtiRAre aAtiaYetor s

and ther ef ctrya:ed@ummngccrn@ rA&tRBE mayieoN it el Wy thédstirihy Sul@ablbt S
Fur t her nor the technique relies upon a prior DNA purification step

whi ch can rh2siera ysnarRia C@Hnmmw&qﬁmswacr@cﬁ%uﬁfewpplawngaﬂter

under est i MahéAPraPk nﬁélﬁod—e‘ﬂﬁéé%,etél:%lﬁht%séﬁuatg Qaﬁ@%c@ﬁa%thélp%lﬁw to
di sadvant ages are overcone real -time PCR whic guantitative.

HoweverZ0 t '™ 8 ERIGNY 96 MARTESIoNyi éirif@f@maiﬂiy @@mmh%\usaalhere@em s and
non-vi abl e f@kdeh 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 Legionefla microorganisms inciude PCR
(Polymerase Chain Reaction) techniques. PCR employs DNA polymerase io
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



Anot her technique is fluorescent in situ hybridisation (FISH) in

whi ch an oligonucl eotidic probe |abelled by a fluorescent substance
penet r at esWYOHERHE bacteria cells. Wiere the ri bosonal PGRERROOSEE ds
(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 renoved by
any subsequent washing step. The bact efia in which the probe is fixed
wi |l then emt a fluorescent signal. This fluorescent signal may then
be quanti f i BERMEEEHM ﬁ%ﬁ&é‘bg‘aéﬁ Digderem ot aly vdfied Mjcrokigh 2 7p#ﬁ1"5§6
cytonetry, (m”ag,;ﬁbmor escent mcroscopy. A typical FISH technique is
described 20by Dutil S et al J App! Mcrobiol. 2006 Muy;

100(5): 955-63. However, using the FISH techni que al one the total
nunber of

nUTDe O AL e bR GBS e NTB LRI RE Rl S pton,
Legi onefd a rpa@tmmphbit@rsmdtﬂeere@:radb ot eorgisteérdly pamddeguarditetivguesidts.
make a col gfyy t i I Il a
pneunophi | a 1 nvéﬁveé Hétgﬁﬂ?@ en%% é ?’@8{;@@% l‘E@ﬁé{tl?@bétgp %ﬁ%h%gﬁ

Del gado- Vi gesgt lndms atDNA with ihe Emaeqoenthdl anddyesimatRMQS theul egionella

71(7):4086-9 t hg L OwWs uantification pf Legio a
pneunophi | & r%%e eaqwg%rﬁltlpﬁ-s&q %%Cﬁaﬁtgpaggf? e gﬁaeai-gw_e{)‘i}(;%l e
30bact eri a.whith lscmianhlesveapﬂowéva' thettectnique efnnbedistimeldhebetwbés usi ng
anti bo |es a q 'E‘ rial. l\)/Il abllllty mar ker ( ChenChrone V6) and
enpl oyi g e|6€i' ?ﬁ% N-VigolgiCEl%scopy for the enumeration. However,
al t hough this technique distingui shes between viable and non-vi abl e

cells it is, n ble . to separately identify those colony-formn
bact or i a. BRCIIRRIGNS B AP0roReeH S EERISaEP T SHOTORRIPB AN Of

Legi onel | a dﬁ@@nummhluloaprba@ta@eu@d Eﬁhﬂub@sdéh’c's@@stﬁﬁ@e pafirhasiath e the
m cro col o%&met hod (Scan- V wever this nmethod requires around

72 hours. fesiagell %tl Whef%ﬁ'@dth"@ﬁ”“&h’&!—"‘éﬂﬁ rRefa (iR draveithmreresit
non- culqisur afzkBeddd thitAd BERRI kMg taE t.#g@thﬁ{e' &Bb@w@péttacﬁ %émg;p itde

survival of recipient cells in river wat pp 3
M cr obi ol . Rxget axd willgw? bgsempyestly @wes%@qwntdvaséw at@rabTme b@cterdm nt

(DVQ) usi ngn $pReithe %rd@ |§‘ﬁf<§d will SR aeﬁuo"f‘éscgﬂtb%grﬁb TR s%nt

direct viable count and fluorescent Iin situ sati on
esti mat i ng 93 e@dehe gymﬂf ﬁd@eutechﬁcmslsu@lyas ﬁpwutsmmt@, Rdsi phase

Va bi ol 7
pr g[)ionlgoof gﬁr en§' 8r g@g'g?r%h(%mﬂllgr% tpg'ri a&p%gf%?gngg@{'%%?cr oebi ol .
Ecol . fB’EDthG% abétt\ﬁpf Mf%@bIQIOZWEy $90(150195568 iHosvaver, gaingshs
| at d t I
unrel ot 20 kgl ATl SpRRATBRI Bpe 0 R AB5RD ARG B
m croor gam@rﬂetecﬂecﬂ bdi jotiewiteln dd meinod wonldhidt axcl[ﬁ@eelyrﬁielmoﬁ only
| ncor por at §8dNE MG LnbliABbhia Mk bid RVEriad2dal y conséjqoure%%g ence in

situ
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 Legionelfa cells using antibodies and
a bacterial viability marker (ChemChrome V8) and employing epifluorescent



hybri di sati on (FISH) but al so enploys a hel per probe in order to
anplify the 25signal. Hel per probes are unlablled oligonucl eotides

t hat bi nd YVQZP'E@%H&% adj acent to that targeted by the SYfd&ERPQ/053299

| abel | ed probe. This enhances in situ accessibility and hence the
probe conferred signal. The net hod described in EP-A-1852512 is
said to enpl oy a DNA gyrase 30i nhi bi toP such as nalidixic acid, which
stops cell djvision, increases the intracellular rRNA content and the
cel lul ar | SRTISCERY sils pruBeralipn.s Howgygry although thig teghakitece nal i di xi ¢

aci d i s notdigtirigelshab b¥taichesdd|y 8n@PNonSbRSEIE ME Rbt e iPsepepsibignel | a
pneunophil a. Furthernore, this docunent does not nention probléns of

i naccur at e 1HaHY ose SRloNAeMiR: baetei?- due to the presence of
naturally fluorescent microorganisnms. 5 It would be desirable to
provide a nmethod for reliably quantifying viable Legionella

pneunophi | aledpigtiteonly meihedaighich permiedetention efdiagicmeppreuragiidey t han
known t echni T e a SRR i this
mor e aceur Aty e UL K ads s bech 9Lt th I o ESAR; felRatStafvin’ 3
met hod f or Hewexsritiig natbdieguieesaiongd VR2diolies. mi cr oor gani sns in a

sanpl e suspected of containing said m croorgani sns conpri sing:

(1) contacting said sanple with a cell nutritive resource and a

cel | ul ar 15maohiet ek aDetactiombnd ehomeration of viabl2)but aot-galturalgesai d sanpl e

with at,4e ne fluor nce, .l abel | ed oligonucl eoti di obe. abl e
Yo spectd F QRinogORyb S PEESERA R 2R ok B ROV AT o Hetsiiel sBI R PE) <
aci ds of saivaier?ip;plrmmljsﬂpp. Microbiol. Vol 83, S\%T Mcﬁh hbéém@@@d)f direct
quantifying.th uqr nt. signal, 20 in ich the m croorgani sns
are of thqu%bé'?v@@"ﬁéﬁ@ﬁgﬁmgsgﬁ@ ¢BBHE™S and in which the cellul ar
proliferation inhibitor is selected fromthe group consisting of

ci profl oxaci.n and cephal exj n. . neral ]y each of the steps _are

caPr i ed out 'Q‘é‘acfﬁéﬁf?’alﬁ‘ 90'7‘%%'”%%9‘%&6@!)\"@%? GORNHINAFRIOFRRCRBHINGHYt he

sanpl e 150 trry@aaieﬂtidnwosbgmriétﬂr%; Réldobhaer @I@Pcél@iaﬂ;iﬁcy'?ﬂﬂ@&&@@@ Res.
0

the inventive nethod is known as Direct

foll owi ng ste 2). Ste , , ,
Vi abl e Cour{‘t“a%)rBé’/‘QIr Vighi & 2090 gisaize @7l HesibeRnumeeraliosherdrionngreft he
presence ofpyadhedddriding s6il BAtEN* (BYIASLISPEMY WickWiol SV 95 kpokhe
cellular division w thout deteriorating the cellular metabolism
Ther ef ore thedh refen tad\Hak i b4t far microergdnismsaunselgteddo bagionsla di vi de
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



5 and so can be distinguished fromthe dead bacteria which do not
change in size. It is therefore possible to identify living bacteria
by m croscBR221B7 to carrying out the DVC step it meRCTHEP20045328D| e
to concentrate the sanple and to pre-treat it for instance by acid
and/ or heat treatnent according to the standard 5 nethod 190431 (I SSN
0335-3931), edited and distributed by fthe French Associ ation of

Normal i zation (AFNOR) 11, Avenue Francis de Pressense-93571 St Denis
La Pl ai ne cduaehice maligixiceacidis nag analably effastive Rditpadasaiingibitasior

ci prof | oxacj &y; } : i ;

i nhi bi tor s.L%é?%qg@gibﬁbgﬂdgx@{:@gyﬁéﬁ’ cégp a gﬁ@ﬁ% g%{\t/rrtﬁﬁglofegi onel |l a
pneunophi | aPreklems af dnascurmd ceumeragipe fiat an epcursiuede the presersgiect but
actual ly bl h from di viding. By contrast

nal i di xi ¢ a@g@%ﬁgﬁggéég@gﬁ%@g@ggﬂg@m ficient elongation of the

Legi onHeb pneunophila cells to be effective for the present nethod.

Advant ageo fi r . L nvention
enabl co-Logr buatie ddbitabRR) ol fiatibeiur totFal EREM A TR oc
reliably anicegidrteiia pnautnoplei&oapaeblect ierhlingg cdlohies & @ bampl24ndreuasidlyThi s
provi des significant i nprovenents,in. wat sani.tary control ., .20 The
ci prof oxactﬂﬂn Bpo‘ﬁ%%ﬁ?gﬁ@%iaﬁ ﬁ?ﬁc@ nuggvcinufc{]bedﬂvfeé'pé%é? P@ae\é&@dﬁnﬂom
Typi cal | y tddcsrareiyl d be in concentrations of up to 20 ng/L or higher
Wi t hin ,Hue medi um contained in the cell nutritive resource.
Preferably the concentrations are between 1 and 10 ng/L. Preferably
the cel | ul akcderdhd tethatgresent Mvehtidrole pfovdhca AietiddnspgstBetindéarftave
found the greatest cellular elongation can be achi eved when the
concent r at | SHTFAUIGYBRIP UFOPIIANS MR FeANRIe AHePestasyficoafaining gaid

duration ofmirdigaHisms esPeasiag:! y between 3 and 5 ng/L. The cell
nutritive resource should contain an%/ sui tabl e grow h nedi um 30
5

conposi ti on appl(feniasctipg sedsampte with Re@ll anlitive Fesonree ansta eellasnel | a

pneunopty | ayroiffe bk #HiitorEdi UM conposi tion may conprise a nedium 6
sel ective supplenent, cellular proliferation inhibitor (ciprofloxacin

or cephal exi n), (APNEENE Kaid sapIntareitp at lepst oradiupiesseoee @osliache
m ni mum nut dyaky j I :

pnounophi | o BphEteS R BB abf. 5 shuicH h bridice B bEH PRYorn o,
| i t erat ur e,ridogpmahrycigie ecide ebsal mjcroorganisms, andar d net hod

prescription T 98y i : i and charcoal . The

sel ective suppl Z%e#é?t@a%{]tge%%ﬁteﬁgﬁg\r@%ﬂlﬁ\énrggér%grsgggf’I imt the

devel optentin afhiciOthe mierobeganisgnandrerad theysracirsel. egidnella hogéweoptila and in

antibiotic t. i e for the DVC. nethed,

AL B1 oL B A A RUATAR SHbLEB A B S0 BGERL Y
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 wiil tend to elongate but not divide



met hod T 90-431 (as given above). Neverthel ess the concentration of
each antibiotic in general should be adapted for the particul ar
liqui d medV@a¥3heYer, it woul d not necessarily be det}GHERPRISIH?
cases where these other 15m croorganisns are not conpletely
elimnated since step 2 will usually be sufficiently specific to
overcone the effect of interfering bacPeria. Al though the growth
suppl enent is not essential to allo rom h of the Leg/one/la
pneunophi | a2¥h%Q €31 B disi'n%?f‘e@ﬁqu%#?egqatdsb%t%ﬁt\ﬁhmmg@|”Qh@|'!qr'@e2'0

pneunophi | agiis @wa@r&e'p%ggbmo %mw nw@ Bhclet(d By m;&égaeﬁye PR&H tP‘; m

conditions). However, have found In sone cases t vi ab

Legi onel | a Cﬁﬂi@m&mﬁl’fm%[)yé?o‘it@@ it@w@%%%ﬁb[edllcén@@tﬁadﬁ ecsimaie ead tey

not necess YA el ay
o 15g. phadersAL RIS SRR 67 abgRRbloPh ot AMh IR ERI IR UBnBafl
to nore § hamemdﬁ'oaﬁéﬂ (I SER03B5F303d )i agiited fand rdlsttrll:a,lteqahymed?regmfcal
state. In a : t v for
Ceql onel 1 2 Shsaoh B NoRAlor G NREF £ ave B BB 40 Pres St
suppl enent Siderant & Pldidafedexdgeme.i nto the cell nutritive resource.
The anti oxi dant reagent may 30 act directly upon reactive oxygen
species (ROS) or by other neans such as causing an effect on the

nmet abol i sm of the m croorganism directly or indirectly, 7 which
brings out a reduction in ROS. Suitabl e antioxidant reagents

i ncl ude' cat al ase, ascorbic acid, sodium netabi sul phite, dinethyl

sul f oxi de, W@Fh%vé30L31d-urtehb@@térﬂl;/(Dﬂidt@fpir@ﬂo&éhd)an@@épﬁéﬂékiﬁ%’t@v@’yc
Preferably onhg‘%\ rea,ggg |s(§_§) ruvate Preferred doses of

anti oxi dant® ERENBPIY St Fothgt ciRrefiexach) andserphaisain dlow tad
1.5 g/L, es&@%@llib)bnéﬁmt;lﬁﬁlalceﬂ]éltoe[Eh@até(ﬁJq bré@ﬁ?étubh'f&r&:e‘ﬂ@ﬁﬁ%iéﬂ@umy

i nclude at |east one conpound that indirectly inhibits the formtion

of and/ or o%r@w%@éowaeqﬁe%{emai%d e pgen QW&‘"%@B/(‘}QO@?St ngdifiic@sitbound
may brifyg afpeudtind smﬁ@%dfm@{t%wgaﬁ%me 'L@bl%héﬁé bﬁ&nvwma tc@[?s tbQe

met abol i sm of the_ m croorgani sm gglyl cal such n%?un wi |

i ncl ude ami#fteches s the pfleﬁ@ntrm%tapﬂ Anﬁﬁﬁﬁﬂhi%mw&rﬁnﬁ téh%ﬂ}eéwddéfrﬂﬁﬁ)und
s gl utam Graghd iflenibNbAMESL S @bﬁeua rffhe@m%bhlé tof gr%ffeera% erred form

of the invention the cell nutritive ource vvou 51 nclude glutamc
acid or gl utuamtitied eiakly ae@lmfblraa fipesgade @@r@ﬁajlmoiéﬁss than geheural Thise

amount. of - ghistBe SofbahShphhRRRIE vidi saifaljoHeen 0, 01 and 5% by

wei ght cal cu ated Ium salt rtlcurarly preferred
that tH cell nutritive resource |ncI udes both pyruvic 20acid or

pyruvat e (e.ﬁ%e& H/y rhgr %lég?nsr% Pg%@frﬁzﬁ}r é’#ec%eg%ﬂa? hcl‘gﬁ%aﬁjy or

gl utamat e (espe as sodi u YETES
pyruvi c aCItU]SMOLMbGV‘&CCBWOWthIt!@SLﬁfaImt@ 28 cngll or highet witret éhesmediant o

i nd h | hi_gh i i

(And s hor ot BRIt i ng EbiF Stk feRlpp. PRt e BpdiiFr-Fatt BRI °a

t han e|therbama$mnnaddmesp@/ct Pmémblwe@lcalmmeproiaéraffom tn(Ijm:ﬁtb*Drse vv]? have
reducti on, o

found t t th| conbi a on_brings about a, further

race d AP aloAh R eEE oty 8 gtaRest oI atior 4o bR SRARVPE o ar

in a quUI mmsmnmntuanbedpﬂmbmimfs Beage®ha e dicmbiLchifict a EREH A
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,



results in a reduction of the tinme required to obtain a visible
colony on agar plate. 8 Desirably the anobunt of pyruvate and

gl ut amat e WAI2009%@¢1%83% st ated previously. It is particul RCKERPEET20Ed
that the ratio of glutamate to pyruvate will be in the range between
1:1 and 50:1, especially between 5:1 and 20:1 and nore especially
between 7:1 and 15:1. 5 Qutamate is n6t known to be an anti oxi dant.

However, it s appear that indirectly glutamate coul d reduce the
endogenous $§gledlive stpplevEnRog ulatpie ielayion mhikeier thiprofieraginowtdepbalexinki r

consequence, | es (oxidation). 10Wthout being limted
e IR S i ac i

to theory, the glutami c acid changes the netabolism
of Legionella to increase the effect of pyruvate and that this

interferen 0 of L /one/I.a ndirectly. inhibits
the for mat: 7 BPOLTFVRLE SR BRI rHleR BRI F S ot potof
t heI pr eaﬁentLegmrmﬂa |pnaumaph:mnabrlney aeﬁn?lsg?brllé i a@?e@cmbieddw tte be
enpl oyed, ref er can
ber r etluced T8/ BoHEu SRS feberaedd Hirusidnantd Betod Prsmrice At of
bacteri al i(@aseiearadoce) witttbuoagd it aeesvar.ence of Legionel | a
pneunophi |l a bacteria. 20 The sanple may be collected from any
suitable location. This may for instance be a sanple of water from

recircul at i Tie y@éativeisOp@lement isBel YSIB1EY iMroMRY &5 limit e+ d@v@d{)rﬁé?*@of
sanpl e may be obtal ned fromwater in the formof an aerosol

Typi cal 13" tAETEERGERATOREPNIBRISE JE'&tcbAicE T antkieia Mgy PeRaY kgewaj r

condi ti onnegyp B%Sén"c gmaué he tr\/@bef: rﬁ@tne@ %?ﬂsiah@%&@@e?&fb@é% sﬂaﬁa&ﬁe
testlng accordln the 25 nmethod o resent 1 nvention. node

of i ncubat |raﬂth@agf Y43k (agdiyareabave) |N@\earﬁte thl%@@nqebtra@ortcpfeeagvc

d t h
Pl Per | neuiplone T Salid S st patcuhd ol findfm nen
accor di ng tioweier3bwpddant neeassatly o defrimentalin @asezarwwndmﬁer@th@d
sanple.1g S Hicfdbdnierhd ﬁ?ﬁ&%@@@ﬂé@%ﬁﬁdﬁéﬁ @&ggtzhﬁpaguélls{rb%t ed. In

this way we can errs l'osi n act ria dori
i ncubat i on ffsiardly Saﬁdﬂ(pkwed@mtheeﬁrffecbmfdnbrfenm Dacteniay i ncubatl on,
for instance oxygen transfer or agitation of the sanple. Step 2 of
the inventive nmethod can enploy a standard FI SH protocol .

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
pneumophifa 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 Legioneifa
pneumophifa can be reduced by including as the growth supplement and
antioxidant reagent into the cell nutritive resource. The antioxidant reagent may
30 actdirectly upon reactive oxygen species (ROS) or by other means such as
causing an effect on the metabolism of the microorganism, directly or indirectly,



51n the first part of the FISH procedure the cells may be fixed by
treating the external nenbrane or envel ope of the cell to nmake it
per meabl e WO 2000426127 gonucl eoti di ¢ probes. General |y t hi RCHER2D0%9§3299
achi eved by using fixing solutions that are aqueous sol uti ons of

al cohol s or al dehydes which are mscible with 10 water at 25C.

Sui tabl e al cohols or al dehydes i ncl ude?f or mal dehyde,

par af or mal dehyde, et hanol and/or nethanol. Typically sol utions of

f or mal dehydehioh bpagsakauial rddustios it &85 eSuifpbleoartpxdant waiggnts irniede

5056 by et it v SenararTy seuit R b ecaity e Bha 6%

this treat ntb'mdim‘amiorpie atil) aothppnedtesic.Jagiesattly ahticxidsat reEagentist h one or
NS RN T N MU e Ot

fol | owed bybdiweew0.5 dndet 5l wispedisllyodroatddugdl. or net hanol of

i ncreasi ng strength between 50% and 90% 20 The FI SH procedure then
enpl oys a hybridisation procedure by enpl oying a hybridisation buffer
cont ai ni ng e dr,elalaaxtrimerl eédaq:gé a&gen;]m@dd @tbﬁéét@?ﬁ@bh@@ﬂh@lr%@tridgéﬁiypr obe
conprising an, ol jgonucl eotide with attache uorescent. marker in

whi oh t he dPNBEn L BETFIRE o enelp aERades R R S ROSp SEPAFS @bence
wi thin the &g bomgbendnigenHg bBsit redGceRroReEs oMROSIHyahRbhey ®ith elenal
menbrane of 25 the cells and bind tg the target sequence. )

cor r espthdi Mgtapalish el Wﬁiﬁem&wmdéyp@%ﬁ%g cRmPPURES Wil degludesyingo
mean the fofdid 6raReiPEallty K pEERUIBAY BrefiedESRp&RRINS Pfﬁﬁé}h@ra)éiof&‘?' elc
acid pieces. In the FISH technique the oligonucl eofidic probes are
conpl i nent a¥lytagade ealbabl e of binding to a certain region of the

ri bosomal target sequence within the mcroorganism Typically the

probes 30 conprise between 15 and 30 bases in |length as

si ngl e- st r dndedtill furthed dosdefred Enacoidhe inveniiprphe cek newidverasodioeerewd t o
a specifd c ; Lan; ik } i T

o1 1 Bonu edrTAPeoLEERE SRR gl Sy Dol AR AR Bty el
165 5probe tbe anwginbeieglttamimacidop biutamatamill bé bgweeol (ot ankd 6%pdrwobes

whi ch speciwﬁé@g%%cﬁéﬁr%?%t@ %ﬂgﬁgﬁm sns of the species Legionella

pneunophi | a e erably the probe will be selected
fromthe group consisting of PNE 1 probe described by Ginmmet al

orobe. (Seo | B RGBT EERH BRI dhe Ul aro P Ishige S Rt oic et
al 2002thavaddjorpyslvale (dspeeiathe thecsuekuno balA eI ACGEET glCEEASaGdbr and

L2 DO R b SR PR o TR i o Sl 7,
to al ternatpyv@laye e4thlghitarpicalrbonglitanzessestet inavdd g s perbiefS bfetd i
preferably tﬁgt iJc eell o?n:'[s a8 Rig?]grngstlrr%oarﬁ%n Erme t re?et%cl)t){e rr%reI aec%artateg gso/‘gni‘taqc%?ls IoF y

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



with any of the three probes PNE 1 probe, LEGPNE 1 probe, or LP2
probe. In order to overcone the risk of falsely identified

m cr oor ganwormsKinemR7 are 20naturally fluorescent, a prefBIVEIIMO5320Df
the invention enploys two nucl eotidic probes. One probe targets all
m croorgani sns fromthe Legionella genus and the second probe is
designed to hybridise specifically m cBoorganisns of Legionella
pneunophi |l a speci es. Each probe is |labelled with different

fl uor escentDeiyrably theamouat m‘qrygam’te;arsd glmwmateew!hhe us atdigd previousigc ént

will be 25 .fluorescent arr wband
of vavel ende REGHE L irtedronal yRueRRg! ohnts Eraide i RN B¥er an:
dyes that frangs bsweeat!: tibhd enﬂmsmmy@emerm Al bnmonaémrmbrey
fluorescent mcr &og&am s Cja%%?re not specifically Legionella
pneunophi | #PEB WEPRA L I'n this preferred formof the
inventiaen the first probe vvr |1 hybridise mcroorgani sns belonging to

the Legi oneIIa enys, which includes byt is not 11 limted to
Legi onel | a PYRgHIashaR, knewa.%géranérjﬂerlaa% Howewyi 6ﬁ@PP§ararH?§edrecﬂy

Legi onel | a ggrzRoEdidredliae $hed éﬁﬁgeﬁb@@ﬁro@@&r&%fﬂf@@ﬂaﬁ:rrél?ﬁbr%&d de
that can bind wth a target ribosomal sequence from an

bacteri a w dUing arousth Qs denANSEALRIES O”TS}?ﬁr@@Ne?U'?ﬁéO)W&t@ﬂ -probe can
be any of the probes selected 5 fromthe group consisting of the
LEGr705 %robe (SEQ ID n7) described in Manz et a/. (Manz et a/. 1995)
with a IVithetd Seinadiniiegdo dleatt didnoant dwtirgaanmcacidbangehe pr obe

(SEQ 1 D n8) th.a 5 3
base sequenrgée]l%g@{%édgtﬁ%%@%@g %Wgﬁ%ﬁ%{%aﬁ%%gr%eﬁf SEQ ID
n9) descri betgrference skiblthe met@pllgmazf keg@neﬂa adired@ihitits the formeatidh o8’
base seque f t he Legall22 probe (SEQ ID
n10) descr:%%d&deggos%%e é&gﬁ'ﬁ eskela et aL 2005) with a5 3
base sequence of CACTG TATGI CAAGG GTAGG, the Legl20v probe (SEQ ID
) o e R o BBRLOE o o e b ©
desirabl e tme ahpleyeratde\smmy aophary therodiesit 24 hbuse Rrefecaisy tréy targbat

| east 70% re a at | east. 80% a nore prefera s 90%
| donti ty. i BHCGE 0P ks, cRPEe B R el G Rt P ot S 5 EBbe.
Legallll pn@ﬂ@ﬁerelneeaﬂnalm highzeurrémaé &a@yzﬁmr@p@@,&noﬁm baeefad probe

can hybridise only the specific species of Legionella pneunophila and
can be any of the aforenentioned nucl eotidic probes with this

char act®y i StHeCs®nle )beocfollbbl@dlfr’@frﬁ@'r)pélﬂiébﬁa IBRdtioh. Ihah@ay kdrGRmdk
probe, or LP2 obe m#ferﬁrqt e flugrescent dyes known to be

conpati bl e RR 3 rf’ﬁ'@ oA myfecirgwating waes inea pg@lrngnsygtggthgw%\ferH TC
(for instanfRisy e sfh é@né&s@e Sﬁtﬁ%egrfroﬁ’@a{efrﬁfthbwa% edam ne,

Al exa 583 etc) can be used ep 3 involves quantifying rel evant
bact eri a ushiRgaly Fhec&%g%%ﬁ@y ﬁfh|i0§at§ﬁﬂﬂ p&oaling teveromainernditipnper.

aut omat i calhasirabQthe WBtR ORI tHeRidrbs bBRFE Wsting 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



12 mecr oscope Preferably the detection and counting of bacteria

| abel | ed hybridi zation and fixed on a filter ed the use
of m crosc%b)ezra%g% %E)ed with an epifl uorescence system BCT, 2@’”3‘5’6‘ P99
detection devices include ChenScan RDI and ScanVlI T- Legionella T™M
(Vernicon AG Minich, Germany). It posgi ble to use chenscan (solid
cytonetry devel oped by AESChenmunex) to“detect and count | abelled
bacteri a. ver, this system can be use onl

o ssi on exCATSIE (g tBe BIECpALES Ao ATLHOLOF PRIE 0RBroRUi o
use only onacliiieh| iretpls oxydenIeaE¥ér br agraicnghesdMbles preferred
especially according to the aforenentioned preferred aspect of the
invention enploying at |east two probes, since this technique permts
the use of &g xbrithemnehtive rHchSé%§rﬁ'brrﬁ3|lcﬂf@§t%nﬂé‘rdqfl§ﬁrprét@c&l' imnate
natural ly fluorescent mcroorgani sns that are not Leg/one/la 15
pneunopht | a. The method according to present invention facilitates

the accuratis tRifirst Bat Gf fﬁﬂé‘"ﬁSHt otRirdIffeteld Hf’ag'b%r\’x%erb gﬁ%tl et ence

of Leg/one/la pneum)B method 1's sult et e I ng
Legi onel | a pfroabpam éarierpr@éwp@% ofitheiogd i make itperraegbleto thee group

sel ect ed 11 gbhassld Alonboctd Maliahg in pdLLALLA0VEIEE findaulahs'

wat er s. resent’ | nven |'so 1 ncor pora
rapidly dettbatarﬁgaqaﬁwmumtmnatqf atgohidlalor eldﬁhndesomrgahnamrmsoifola wigh

3pec esi-ecl, AP -BNIBBAI Ao & AderALP | FBYIgRRIEH,E, cont 21 i ng

said m croorgani sns co ive
resource, (@rafarmeltlbiuﬂc&r emaoblldreﬁartmeihathT)kplctaﬂy solutions of (3) at
| east one f uor

I o]
spect 11 cal 19 TGAPRGRIE cafbimdfefue Y8R 000 phyBRRLA Gerdrhy
acidds of s%’hellwééh hman]tcﬂ;mﬂs .gHbiEyshe alcohclnls will bé él)leastm%lsyﬁlﬁv@rghfliamclgacti ng
an uanti ng,t he uo na e cellul ar
pr ol ?f er at |%er[|1 Parlllﬁlhﬁf"{’%ﬁn (gé]@étsné’ Ef'g%tn{: 'Eeg%raglry\l\ﬂ'ﬁ%@a eNLCAR Peof
ci prof | 13xacdchigved byepbadrei meathﬁ;nawplﬁ ehewbr abré of iede KbllitidrRy conpri se
the foll ovmggé% sol U&I ons: a medium 5 conposition (.as r?I(;szl ned, above)

whi ch can ekl he Eeptmgpt ma}ﬁﬁo@PB?ea@éO]“ao%BFQﬁW"Sﬁ &9 ng t he
ext ernal neBhhABshyek d@@@hﬂ'ém@amér@ae FoIRWRAL tiv@rdm%réé l@.m@ﬁansaof ethanol

hybri di sati on sol ution, for instance as descri bed above, which should
be nade up @’Hmtma@plgémfe@sgge%treagw&qﬁwgw 897ecnd $4%- i nst ance as
descri bed above, which should be nmade up shortly before use; nucleic
acid fluorescence dye, for 10 instance DAPI which coul d be dehydrated
for | oy stiedSH riAcedire theadmplovma hyridisationgeoredur b emaloYidiche ki t

Conpr 1 56, & Bhm e BBt ob RubleseTRe LAY P ongt
varyi ng betaligenudeptigicprobscompasiag en ioligonwstestide With akbeheaeiucagssent
contai n EpRRAREF hrwiid theibBMGFectidllis 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 oligonucleoctide.
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



15 Kit may al so contain any of the enbodi ments described in regard to

the first ct of the invention. The kit is suitable for use
with the n@?’%@”&%zghe present invention and enabl es ZOPQ%%‘TZW%W%%
reliable enuneration of Legionella pneunophila. The foll ow ng
exanples illustrate the invention. 14 Exanple 1 A Legionella
pneunophi | a suspension at final concenfPation of 106 bacteria/m is
di spatched in 2 .suspensiqgns, of sane volunme, Only the first, K suspension
(s 5 oS iSRS 00 ie0rs Ao R A CtRH qooac tioeh o R AE ur o
(20 to 22 Gp the@midBomafismlhe both suspension are then washed three
times by centrifugation (6,000 x g, 5 mn at 20C), in PBS pH 7.4. The
both suspension are finally mxed in accord with table 1. 10 Table 1

% vi abl e Cefte Sigohtibotfc pbidbk shBQdQedirally be a specific ribosomal ARN 16S
5 probe of Legionella pneumophila. Any oligonucleotidic probes which specificaliy
target microorganisms of the species Legionella pneumophila may be
employed. Preferably the probe will be selected from the group consisting of
PNE 1 probe described by Grimm et al 1998 with a 5' 3' base sequence of ATC
TGA CCG TCC CAG GTT, LEGPNE 1 probe (SEQ ID No 22) described by
10  Grimm et al 1998 and Declerck et al 2003 having a 5' 3' base sequence of

ATCTG ACCGT CCCAG GTT, and LP2 probe (SEQ ID No 23) described by
Yamamoto et al 1993 having a &' 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 pneumophifa species. Each probe is labelled with different
fluorescent dyes. The microorganisms that are naturally flucrescent 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 flucrescent microorganisms that are not
specifically Legionella pneumophifa 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



1101.80.211.980.02020 Each mx is treated according to the

experi nment al ﬁ?rot ocol below Results 15 The results are represented
in figure YO®PY3 871 shows the correlation between thePCYERINA§29

met hod AFNCOR (8 days) and the method of the present invention
‘requiring less than 24 hours. The results indicate a good correlation
between the two nethods in terns of acaﬂjracy of identification of
Legi onel |l a pneunophi |l a. 20 Experinental protocol 15 Sanples (Vi)

vere filter8ytaHPdcgrerese (rolragheeet coenelaerpase-agigeiqmniss.
pol ycar bonaﬁt%]g']éﬂlﬁgbﬁﬁ@g??b%rld. IR frst ﬁg@@gﬁgghprigé hBEROWES Bial béhsgd

two tines wt Solution A and were disposed in a steril

t ube ( Eppertied pith gaipraes ibesamal gequancedions any el 1A bActeriapébingee shaken
di Spat hed TolieaieRus yplal s SERPLAD Sl ARG g R gRbietRS
asepti cdl | yrom the @ﬁoéDiCDéSiﬁﬁl‘meOfdgﬁLEGﬁDﬁgrm_S@Q 6% n'y0 desdrivedn Mrobes
oo on SSNER 0L TS o 080 (B B LTct 6o
0. 2- pm por eAEC Ztbe WHGZ2 6o iye: (5H10 HANES )rresbrikatsn Manz et al. (Manz et al.
1995), with a 5' 3' base sequence of TCGGA CGCAG GCTAA TCT, the
Legall11 probe (SEQ ID n°9) described in Leskela et al. (Leskela et al. 2005)
10 with a §' 3' base sequence of CCTCC TCCCC ACTGA AAGT, the Legall22
probe (SEQ ID n®10) described in Leskela ef al. (Leskela et al. 2005) with a 5' 3'
base sequence of CACTG TATGT CAAGG GTAGG, the Leg120v probe (SEQ
ID n®11) described in Buchbinder et al. (Bushbinder ef 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
pneumophifa 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



(MI11lipore, GITP02500) and were fixed with solution C at anbi ent

tenperature (20 to 22C) for 30 mn. Filters were rinsed two tines
with phospﬁgtzgo%]ﬁ??éred saline (pH 7.4) and air dried XCHERF05HP

suspensions were directly filtered through 25-mdi aneter, 0. 2-

15pm pore-si ze white pol ycarbonate rrengéane (MI1lipore, GITP02500)
and were fixed with solution C at anbi efAt tenperature (20 to 22C) for
30 mn. Filters wer times with ﬁ_)hostphate buf f ered sal i ne

(pH 7. 4) anra'Cé?%Coa?fPerré%egs ?|ff§%$%fe%@ﬁeaf@é’rwa i glPasieredaprlndioy inwls hes

in Sol uti onyBridatish hedfikeddifla BB HdedNhE ubS of titr&R6Pe edliBpsd fith @hi ed
by incubation 30 mn at 37C. Filters were di sposed on slide and 50 pl

of Sol uti orPREURERSCERRE F¥deTo the filter. A cover slip was di sposed on
filter to avoid dehydration. Hybridization was performed for 2 hours
at 46 1Cin a noisture chanber. Then the filters were washed three

25 timed 5 Hitable dedeeiionaievigep indteda CaerabcarsRDharH BhenVITi hegionaligd M
times with giafil i Fé J ' it of
Sol ut i on 1 ey ARPYERIopy LRy bRty Wi thembegh oot cyonethy
filters werdevelopaf by ARiphanunex) o ddtectangi connlebelleddfactasiautiooaver,
Hybri di zed I ' ' ' I ' ith
an x100 i m%@rgs%ygtﬁwﬁ%%e%‘% ;ﬁg‘%bbléﬁgsegégg@%’r?ﬁ%ﬁ%éé' g)%@{@f{agﬁ’ﬁ’ d\tlamr S. a
510 to 3053busliméxai pmtdaohicf udetanly amellabeli@Dpmbebarrier filter. WO
2009/ 121727PCT/ EP2009/ 053299 16 Sol utions Table 2 Sol ution Details
Gener al scription A Posphate Buffer Saline pH 7.4 (PBS)

Physi ol ogi cadan®ilifflegiddieNée dMuispreferred especially 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 Legionelfla

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,



See Table 3 C Fornal dehyde [3.7% (Sigma, F1635) D Ethanol 50% E
Et hanol 80% F Et hanol 90% G Hybridization Solution See Table 4 H
Wash Sol ut WO08&@1R4phl e 5 1 DAPI [0, 5pg/ mL] ( Si gna, D- PCT/EP2009/053299

10

15

20

13

in which the cellular proliferation inhibitor is selected from the group consisting
of ciprofloxacin and cephalexin.

In a preferred form a kit may comprise the following solutions: a medium
composition (as defined above) which can be dehydrated for long storage; a
solution for fixing the external membrane of bacteria, for instance formaldehyde;
a hybridisation solution, for instance as described above, which should be made
up shortly before use; a wash solution, for instance as described above, which
should be made up shortly before use; nucleic acid fluorescence dye, for
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 20%; and sterile water. The kit may also
contain Eppendorf, for instance 2 ml.

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
rapidly and reliable enumeration of Legionella pneurmophila.

The following examples illustrate the invention.



95421) Nucleic Acid Fluorescent Dye J Citifluor (Ted Pella,
19476- A) Anti-fadi ng Mounting Reagent
Concent r at VOFCAZIREdi um Yeast Extract 20 g/L

0.5 g/L

10

15

20

I NC. ,

Medi um 2X Table 3 Conpounds
Ferri c B339 e

14

Example 1

A Legionella pneumophila suspension at final concentration of 10° bacteria/ml is
dispatched in 2 suspensions of same volume. Only the first suspension (S1) is
fixed with 3.7 % (v/vl) formaldehyde at ambient temperature (20 to 22 °C) for 30
min. The both suspension are then washed three times by centrifugation (6,000
X g, 5 min at 20°C), in PBS pH 7.4.

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

Table 1
% viable Cell S1[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

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.

Experimental protocol




L-Cysteine (chlorydrate) 0.8 g/L a-ketoglutarate 2 g/L Buf f er
ACES/ Pot as i.um xide 2 g/L WD 2009/ 121727PCT/ EP2009/ 053299 17
Sel ecti ve 8[328? Z’%&ﬁ? @ ycine 6 ng/L PCT/EP2009/053299

15

Samples (V1) were filtered through 25-mm-diameter, 0.2-um-pore-size white
polycarbonate membrane (Millipore, GTTP02500). Filters were rinsed two times
with 10 ml of Solution A and were disposed in a sterile tube (Eppendorf 2ml)
containing 1 ml of solution A. Tubes were shaken 1 min at 30Hz (4°C). After

5 filters removing, each suspension was dispatched like follow:

1. 500 plof suspension is disposed aseptically in a sterile tube containing
500 yl of solution B. Tubes were then incubated 24 hours at 37°C or
45°C with agitation. After incubation, suspensions were filtered through
10 25-mm-diameter, 0.2-uym-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
2. 500 pl of suspensions were directly filtered through 25-mm-diameter, 0.2-
15 um-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
i 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.



Vanconycine 2 pg/L  Polynyxine 160 U /L Cycl ohexim de 160 pg/L
Cell Divisj ?)n Blrllltcz)lc_ilg_lng Antibiotic G profloxacin 8 ng/L 85721- 33-1

G owth Su pr PCT/EP2009/053299
16
Solutions
Table 2
Solution Details General Description
A Posphate Buffer Saline pH 7.4 Physiological buffer
(PBS)
B Medium See Table 3
C Formaldehyde [3.7%] (Sigma, F-
1635)
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 0.5g/lL
L-Cysteine
(chlorydrate) ool
Medium
o-ketoglutarate 2 g/l
Buffer
ACES/Potassium 2 gL
Hydroxide




Pyruvate 2 g/L Al reactive were sterilized by filtration trough

0. 2-pm pore-size nitrocellul ose nenbrane (MI1ipore, SLGS025 OS). For
details of WOHW2LR7of reagent see bel ow. 5 Hybri di zat i ST EBMPEH
Tabl e 4 Conpounds Concentration formam de (Sigma, F-9037) 20% NaCl
(Sigma, S-9625) 0.9 M SDS (Sigma, L-4522) 0.1 % Tris-HCl pH 7.2
(Sigma, T- 2538) 20 mM 10AlI| reactivelfere sterilized by filtration

trough 0.2-pmp -size nitrocellulose nenhirane (MIlipore Sl GS025
oS Glycine 6 mg/L
) .
Selective | Vancomycine 2 pg/L
Supplement | Polymyxine 160 UI/L
Cycloheximide 160 pg/L
Cell
Division . ] 85721-
Ciprofloxacin 8 mg/L
Blocking 3341
Antibiotic
Growth
Pyruvate 2g/lL
Supplement

All reactive were sterilized by filtration trough 0.2-um-pore-size nitrocellulose
membrane (Millipore, SLGS025 08). For details of each set of reagent see
below.

Hybridization solution

Table 4
Compounds Concentration
formamide (Sigma, F-2037) 20%
NaCl (Sigma, $-9625) 0.9M
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-pym-pore-size nitrocellulose
membrane (Millipore, SLGS025 08).

Probe used for FISH detection are: LEG705 (Eurogentec: 5'-
CTGGTGTTCCTTCCGATC-3"), specific of Legionellaceae and labelled with
15



Probe used for FISH detection are: LEG/05 (Eurogentec: 5'-
CTGGTGITCCT , specific of Legionellaceae and | abelled with
18 FI TC (FY";[? 5%9&5"2& i sot hi ocyanate) and PNE1 (EurogerﬁcgéEP2?>°9’°°3299
CTGGTGITCCTTCCGATC- 3" ), specific of Legionefia pneunophila genus and
| abel l ed with Cy3. 5Probes were added gg hybridi zati on sol ution at
final concentration of 1 ng/pl. Wash sofution Table 5 Conpounds

Concentrati S-9625) 215 mM SDS (Sigma, L-4522) 0.1 %
Tris-HC p I-[QSI}CQE f‘%ﬁr?ﬁﬁ‘e'l'emb@%”a %Pﬂ‘@ﬁh{ﬁuré@%@@@e— wer e
sterilized oycGTAT™WEPICtGATEH ) %@m @ﬂ!e?rc&ﬁeﬂ&gﬁé&rﬁ&&ﬁfe'g‘éh%ﬁnd
menbrane (M| 1ipore, SLGS025 CS). anpl e 15 The experinental
pr ot ocol of a@!@ﬁ‘ﬁ}'@’@ ¥3-s applied to a sanple enploying 1eg705 first
probe labelled with a green fluorescent dye and PNEL1L second probe

| abel led with a red fluorescent dye. Figure 2 shows four cases which
al | ow Le’b/ d?f@pp%wgmg@ﬁﬁqgﬁpﬂybﬂ@z@@n solution at final concentration of 1 ng/pl.

Wash solution

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-pm-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 {.egionella 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



20di sti ngui shed fromnnaturally fluorescent bacteria. Referring to
Figure 2: gaﬁﬁﬁﬁ-hﬁlther G een, neither red fluorescent_ bacteri

bact eri um YO 14| ong to Leg/one//a genus and to Ledﬁawaﬁwymﬂ”m’
pneunophi | a speci es; Case 2-Only Green fluorescent bacterium -
t he bacterium bel ongs to Leg/one/la 25 ﬁnus OR is naturally
fluorescent; 19 belong to Legionella g eunophi | a speci es because it
is not green fluorescent and thus doesn't belong to, Legignella genus.

Thi s bact er?{MNd © LEgQnele pyeyBarhi soreiss ﬁ@ausgd S 50pgEEN NURIESEF T AND

Red fl uor esgeinthubaséart Bewng toll@ghmel£ents. TRIsYMErium k2alwaR kd genus
AND Legi one@é}(r eurmBhl | a species. Using this nmethod we can

accurately Nt 8§Ponel | a pneunophila by linting the detection of
naturally fluorescent bacteria which would otherw se falsely indicate
this bacterla 10 The PNE1l probe is first described in Gimmet at
(Ginmé deaseggen éb'@c'??-(s) Buaesfisahbectpdum - the baaterimabelomstC CAC

GIT-3' The &@gj i z et at (Manz et at,
1995) . Speci c@ggﬁgﬁféN?sLéd}%II%?M%# TC-3' Three dyes
were used in this test are used as follows: 15The first dye is used
to stain nuésieg thisgiethosfweaban asarajelyrdgiedt LagionelsRdnausnaphéal by tmiingi n
bacteria i 0 W th an
of i gonuel earrr elBiBiataRY BLBLiAR padih 2 WAkR J B Blnghi PP 1oy

ol i gonucl eondidate tipis bbetetia. al | ow specific detection. These two dyes
nmust be characterized by two different spectra of 20

st colort I Gy6S Prtisls TS eb&iinalid Brh of il ey L R e |

r espect i velsequbecesian®’ -Arﬁecm/am@T@mAatGET-s' 20 Tabl e 6 Dyes used A
Excitation [nm A Em ssion [nnj

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



Dyes Avai

Dylight 4
Clainms 1.

abl e DAPI

0 Aan

m croorgani snms in a sanple suspected of containing said

m croor gani sns conpri si ng:
nutritive resource and a cellular prol
nutritive resource contains a growth suppl enment which

preferably pyruvic acid (or salt thereof),

t he cell

conprises an anti oxi dant,

(2) contac
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portion of
sai d sanpl

probe in wWihgp The TTF¥SEgprove 1S dEe
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350 461 FITC 494 521 Al exa 488, Hylite 488,

570 Rhodam ne, Al exa 555, Hylite )
or detecting and enunerating viabI3[5‘53‘[,"1'1152039‘“}:’5’2%9

(1) contac?bng said sanmple with a cel

eration inhibitor, in which

| east one fluorescence | abell ed

t aid sanple wth at
dt%%?g probe able to specifically hybridise at
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of

in

~ribosomal—npucl e g e
DYeS ¢35t acl edgitationdom] dAFmigsion frypl pPyBs AatRbe sdcond

| east one

whi ch

to specificalrty hybrigi se at
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di fferent Jportion of §ibosonmal nuclieic acids of hgg,ﬂ%%hgﬂﬁgenlsns,
Cy3 550 570 Rhodamine,

Alexa 555, Hylite
555, ...




(3) detecting and quantifying the fluorescent signal, in which the

m croorgani sns are of the species Legionella pneunophila and in which
the cellularproliferation inhibitor is selected fromthe group

consi sting of ciprofloxacin and cephalexin. 2. A method according to
claim1 in which the cell nutritive resource of step 1) contains
glutamc acid (or salt thereof). 3. A nethod according to claim1 or
claim2 in which the cell nutritive resource of step 1) contains
glutam c a&dnd (or salt thereof) and pyruvic acid (or salt thereof).

4. A met hod accordl ng to an receding claimin which the

ol i gonucl eOtga"@L:é’ r[;)p t}:g 4 @17 gnireg Estb'éﬂ'”‘ﬂg%ﬁ‘i“st’Wéa"ﬁ'ﬁﬂfﬁﬁf‘e?:%??g?"@? FAGSE probe
wth a 5 base 'seguence of ATC TGA CCG TCC CAG GIT;, probe having a
53 base Sequaﬂ&ﬂaoﬁ}fg safl BoBEwinCGElitrfaGeshze &l 4 cellu@piitdREidd D Roitdd d\whithGhe @1 5 3
base sequence ngitive/Sivite w@mmmoﬁwmmwch d§mpns®s ametidvioal Geeoy wivagedi® any
precedi ng cl alsfﬁ”terPPf’V\,hl ch | n sai d Ie is cont act ed wit h at
east a first GAREANERS tcm%m o e e i L i

abl e to speci fffaldds ta@m ob .méime% 6 QL1 cfibiy hybl

nucl ei ¢ aci ds & pbmoba‘hlﬁbﬁhghl ﬂ.@leu{z@idsloﬁgli ﬁlﬂ@l’gﬁn@msgﬁﬂﬁaéSeoatElﬁi'obbBam @J&lflcﬁlltﬂ
second probe ihgridebit Bastow diqreioprfon € dobsbryal Magelo pddekit Samicatigshi@ast one portion
of the ri bosorffeepperdaiapiiviagiiedgresggn] siatsign WH’Q’PE rogrognis[nEatF/oT Enedien Leglonella
pneunophi | a sgE] ﬁ'%iﬁ]”%"w“'fdlthﬁ‘t?'t”ﬁ@’d"fe%"&'ori‘bm srf@wf%’”&tpeéi"‘t‘?f@s'sf”ﬁ°f€}ﬁ‘f’f'°é‘"’r°l'”t he
first probe is sélected fromthe group consisting of probe with a 5'
3' base sequeRBa adddingd &kl ifwhich@ecell nlfkEd RSt stdp ) odaBins\ Wittt add (& sait RereoPaS €
sequence of TCGGA CGCAG GCTAA TCT: probe with a 5° 3' base seauence
of CCTCC TCCECEhHETrEng BALT! or eimAdevhigi theiqel qutive regurcejgfter’) weizig el adsflor CACTG
TATGT CAAGG “BFRea I8t B B8 "{rfh a 5° 3' base sequence of AAGEC
ATATT CCTAtC A%d acZordmﬁo ﬁﬂe&@% clatgﬁmcmthe"o%onhcgonmbe% :ﬁ‘e@t&ﬁl&nﬂ& rgljpgo'nsmin!; n

whi ch step (oBobd vith P8 by BREhceatKTO MEH dCE abd dAG AP ffle R¥hg €PN bf HQLeRCeNt

M croscope. ABCTGACGHHECEMAG GEICDUNItH hadyg 4 03 @sviteqipnce ¢ @GITNTPAT cahamATA) Whi ch t he
sanple is derived fromany of the group sel ected fromindustrial

cool i ng wat é;ﬁth"da‘i”‘irdﬁkti" flelghiz i %‘ ﬁ,%{ﬁ Effd &TPihleRree vt oaRp PO oy e

r ap| di y de t second prob d L faﬁéﬂ@z: Eﬂti‘zﬁahel é?k?g&fa sea ast one ortson of nbos?mata ﬁ:lmc

Qqu é'é. g “?ndl at le
speci es Leg|ponetfinamamuﬁm;pttudaﬁbebd@m@o Lsaamipaeuwﬁmatse contal ni ng
sai d mcroorganisms conprising: (1) a cell nutritive resource, which
contai ns & Wﬁww F'@W@h‘t’h'ctv%ﬂfewm @@Bth%ﬂf?umifﬂmf F@aenftﬂhai?’ 3

pr ef er abl y ﬁ?ﬁr&e Ay 16?0 E—acf} g(ﬂ'ﬁﬁ 3 baS I gﬁa ase se(o;ugc?:
prol i f erat i QRciatRtatl SGGTA d Tb § &ﬁbg&%& ebti di c

probes able to specifical ly" ybrl d| se at east one portion o

ri bosomal muclesbdaccadigtemqiecdiag cdimif vEEIORS GO He®MB] aulBiednqalyiuSny BrdepifuorbsedntS t
probe and a mieeconed probe in Wnichthefirst probe able to

speci fi caIIyA onda i.se at bosomal nucl ei ¢

| ea i |
aci ds of sai, &En felsh iy dm%}ﬁﬂﬂﬁé ﬁeg,??fﬁéf dﬁ'i"“’ﬂﬁ%‘ 20 e ¢y setected from

speci ficall y se at ast one rent portion of ribosonal
nucl ei ¢ aai dafootoretdaey d¥dify @aleQRagAtiggVBble nicfbproamsni¥BIa8 Spedic® Lagibhaiz Bfelnoph@ N d
quanti fyi ng strive sfstevmrsg@Rind seigmigradnismicpmpudne:ch t he cel | ul ar

proliferation jnhibitor is selected fromthe group consisting of

ci orof | oxaci n (Bﬁ II UB/ ?1?1 vﬁnch contains & growth supplement which comprises an antioxidant, preferably
P pYruvic ac:[d Fsa ereors

(2) a cellular proliferation inhibitor,

{3) fluorescence labelled oligonuclectidic probes able to specifically hybridise at least one portion of ribosomal
nucleic acids of said microorganisms, comprising a first probe and a second probe in which the first probe able
to specifically hybridise at least ane portion of ribosomal nucleic acids of said microorganisms and the second
probe able to specifically hybridise at least one different portion of ribosomal nucleic acids of the 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,



