1 Detection and Enuneration of M croorgani sns The present invention
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al so includes a kit suitable for use in such a nethod. This nethod
and kit enable viable mcroorganisns to be quantified nore rapidly.
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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 micre-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



2 such a nethod is described by Diederen et al., J Med M crobiol.
2007 Jan; 56 (Pt 1):94-101. However a drawback of PCR is that the
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therefore do not consistently provide quantitative results.
Furthernore, the technique relies upon a prior DNA purification step
which can result in loss of DNA with tBe consequenti al
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al one the total nunber of viable Legionella pneunophila could be

det ect €@ butiakiaeels andra-yiablgseet hod coul d not exclusively identify
only those Legionella pneunophila bacteria able to divide and by
consequence nake a colony. 25 A further nmethod for enunerating viable
Legi onel | a Arierdpehnicue iafiopressertive aithidmeisagora (FdSH3 irdehich iabed by
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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 technigue 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 Legionelfa cells using antibodies and
a bacterial viability marker (ChemChrome V6) and employing epifluorescent
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enumerates injured bacteria.

EP 1329515 relates to a method of testing for the presence of microorganisms

in a gaseous environment comprising hydrogen peroxide by bringing the

gaseous environment into contact with an agar growth medium comprising a
15 salt of pyruvic acid and allowing the development of colonies of the

microorganisms.

Techniques which involve the growth of colonies on a growth medium, such as
a nutrient agar plate, are generally considered to be more accurate.

20 Consequently the plate count method remains the preferred choice of method
for obtaining the total viable count. This generally means applying a sample
suspected of containing the microorganism onto a plate containing a solid
nutrient source or growth medium. Such a technigue is generally referred to as
plating. By total viable count we mean the total number of bacteria capable of

25 vielding a population discernible by the observer. Typically this will mean a
visible colony on the surface of a growth medium such as nutrient agar plate.

However, microorganisms such as Legionefla pneumophifa in the environment
may be subject to one or more stresses which prevent the microorganism from
30 growing and multiplying in its environmental situation. Such stressed

microorganisms would not divide at all or form a visible colony under normal



20 Consequently the plate count nethod remains the preferred choice
of nmethod for obtaining the total viable count. This generally means
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its pathogenicity.
Since the 1970s it has been reported that scavengers of reactive oxygen
species (ROS) should be used to limit the effect of oxidative stress during the
15  plating process. This was reported by Speck et al, repair and enumeration of
injured coliforms by a plating procedure, Appl Microbiol 29, 549-50 (1975);
Martin et al Catalase: its effect on microbial enumeration. Appl Environ Microbiol
32, 7314 (1976); Brewer et al Beneficial effects of catalase or pyruvate in a
most-probable-number technique for the detection of Staphylococcus aureus.
20  Appl Environ Microbiol 34, 797-800 (1977); McDonald et al, Enhanced recovery
of injured Escherichia coli by compounds that degrade hydrogen peroxide or
block its formation. App! Environ Microbiol 45, 360-5 (1983); Marthi et al)
Resuscitation effects of catalase on airborne bacteria. Appl Environ Microbiol
57, 2775-6 (1991), Busch and Donnelly Development of a repair-enrichment
25  broth for resuscitation of heat-injured Listeria monocytogenes and Listeria
innocua. Appl Environ Microbiol 58, 14-20 (1992); and Dukan et al, Oxidative
stress defense and deterioration of growth-arrested Escherichia coli cells. J Biol
Chem 274, 26027-32 (1999).
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using these materials in the nediumused for standard enuneration of
this mcroorganism However the use of keto acids and reduced oxygen
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20 and allow accurate enumeration. This is especially so when using a specific
growth medium for Legionella pneumophila, such as buffered charcoal yeast
extract (BCYE) agar medium. In fact, there is no data available concerning the
optimisation of a standard medium useful for the accurate enumeration of
Legionella pneumophila.
25
Thus an objective of the present invention is to find a method for accurately
enumerating Legionella pneumophila. This is especially so in regard to its

standard method using the plating technique.
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efficiently reB
10 tabolism to reduce the oxidative stress of the microorganism.

By oxidative stress we mean an imbalance between the concentration of ROS
(endogene production or exogene adduction) and the ability of the
microorganisms to readily detoxify the reactive intermediates or efficiently repair
15 the resulting damage. Such disruption of the normal metabolic processes of the
microorganism can cause toxic effects due to the formation of free radicals and
oxidising agents, such as peroxides, which may lead to damage to the
components of the microorganisms cells, for instance DNA, proteins or lipids.

20  Causing an effect on the metabolism of the microorganism means bringing
about changes to natural internal chemical processes within the microorganism
cell.

Reference to endogenously means changes are brought about within the

25 microorganism cell to reduce oxidative stress. This could for instance be
changes to the metabolic processes within the microorganism. it may also
include removal of ROS within the microorganism cell.

Desirably the repair compound may be or include at least one compound that
30 inhibits the formation of and/or degrades ROS. In general this would be
achieved by modification of the metabolism.
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Unexpectedly we have also found that the inventive method can bring about a
reduction of interfering microorganisms i.e. those microorganisms other than the
Legionella pneumophila.

20 The method of the present invention desirably involves contacting stressed
Legionella pneumophila microorganism cells with at least one compound that
inhibits the formation of and/or reduces and/or removes ROS and this tends to
induce repair of the stressed cells.

25 The Legionelia pneumophifa microorganism may be brought directly in contact
with the repair compound upon collection of the sample. Thus the container into
which the sample of water, believed to contain the microorganism, is collected
may already contain the repair compound. Alternatively once a sample of water
containing the Legionelfa pneumophila has been collected it may be diluted with

30  dilution water containing repair compound for analysis purpose. In a further
alternative the sample, optionally having been diluted, may be brought into
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20 selective agar growth medium plate.

In an alternative preferred form step (1) comprises contacting said sample with
a growth medium, preferably a non-selective growth medium containing said
repair compound, and then bringing this into contact with a repair medium also

25  containing said repair compound. Preferably the repair medium is a non-
selective repair medium, more preferably a solid, and particularly preferably a
selective agar growth medium. When the repair medium is a solid this is would
be termed a solid repair method. Typically the solid repair method will involve
contacting the sample with a non-selective growth medium containing of the

30 repair compound. Subsequently this can be brought into contact with a selective
growth medium containing the repair compound. In this form the selective
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preferably a solid, and particularly pgeferably a selective agar
grow h nmedium When the repair nediumis a solid this is would be

termed a sdhp@dieappand Metddathboudy Br ahpyuridsewhRhipfevepRathe foreidtied, Wi | |
i nvol ve contacting the sarlr.‘%llg i t{}ﬁ% non- sel ective 8r owt h nmedi um
cont ai ni ng 'GRUEFEOTIEMPEBI ggp\ﬁ" fusg AsEetpUBiRL NG NPRisglegtive Hedium.
brought i ntDesieblyaht nohiskicatieh@alh HRdAnPBAM b BHMBLHRIAhBAMNgolhE
repair conpound. In this formthe selective 9 ingredients and the

conpound orMediHFbuIHIEPMAR this fesmdhe sedptenen ks plaiedsinto prypeEselgptive

remves g headgdBing thdd a 8EURR REH BRI M Qi RoAGR AP T BuAEEE UM

Desirably the non-sel ective growth nmedi um can be a non-sel ective agar
growt h medi GAMPASHKs At prevent %ﬁs‘omtm regusemprl remeyas e RO&ti avetaid
any ”0”'Se'&ﬁ&&N@n&-@&%ti@%%ah%%ﬁn%%L&ﬁ.ti ve agar growth medi um
cont ai ni ng the conpound or cConpounds that prevent the formation,
reduces or renoves the ROS is overlaid onto the non-sel ective agar

growt h nedi |H@fuftﬁeraa|fe&’ﬁétf@8\5r\2rﬁl {Tgrér@dillé’u fhal, B/ tpﬁ?d %%Bél&cﬁ@’aqrﬁ\gtht he

applied to a selective gro r eady cont
r epai r bnpoedidm Which aieayl eotainethgrrepaihcorepount. rBuchlzessiectiok grawthe

daacr Pbea preanouey bb st ebatior SR RalR PR hE el Bnty o

col | ect ed feoamredwatiters desctitberl frevioudlp. of an aerosol. Typically the
aerosol may be located in a cooling tower or air conditionner.
Desirably the water condensed fromthe aerosol before testing
accordi ng tla afogherifeathtiot férhethersaseid mapberdoll@died fromamatat inahd adrinv e

preferr formstep (1)..c i ses contacting, said sanpl e from aerosol
N th o @1 B PR TN e A5 o301 BRAbE ISrRRITe OB IS §T BT
non- sel ect i sopditiopaért DEGHhbINREGARr abPddHbeadicth theRfirésot BePRLREInaNd
then bringing this |Hto conc}ac with a growm h nmedi um al so contal ni ng
sai d repai re%8 igdhe method of the present invention. In an alternative preferred

form step (1) comprises contacting said sample from aerosol with a dilution

water containing a repair medium, preferably a non-selective repair medium

20  containing said repair compound, and then bringing this into contact with a

growth medium also containing said repair compound.

In all of the aforementicned forms of the invention the growth medium should be

suitable for growth of Legionella pneumophila. Suitable growth medium types
25 are documented in the literature and are well known to the skilled person.

Normally the growth medium should contain activated carbon and cysteine.

It is preferred that the selective growth medium is a selective agar growth

medium and more preferably is a buffered charcoal yeast extract (BCYE) agar
30  growth medium. The BCYE growth medium would become selective by the

addition of antibiotic supplement. A highly desirable BCYE growth medium with



In all of the aforenentioned fornms of the invention the growth nmedi um
shoul d be suitable for growh of Legionella pneunophila. Suitable
growt h medwormdoyipers 25ar e docunented in the |iterature RIWERI®/0PEDE
known to the skilled person. Normally the growth nedi um shoul d
contain activated carbon and cysteine. It is preferred that the
selective growh nediumis a sel ectivet1agar grow h nmedi um and nore
preferably is a buffered charcoal yeast extract (BCYE) agar 30 growth
nedi um ThEarBGMEc@H IQWMh a0V (Giydink, hemoomysing gedlymgxify Bf he addi tion
of anti bi ot A highly desirable BCYE gromh nmediumw th
10 anti bi ot¢¥9"?ﬁ'§%’i§ as GVPC (d ycine, Vanconycine, Polynyxine B,
Cycl oheximde). The plating nethod is docunented in the literature
and is well knovvn that the 5skilled person. Typically the nmethod wl|

i nvol ve appll PIgting @gkiediis gogmenied in ta fsralsreandusili koews thefdhe gel
that has b%@@leelp%% "I"ypﬁeal?ﬂl'fd mQt'h%BW|ITHV§IV€EF%191%gtaeddﬁqwaof'ﬂ%sre' di sh

met hod or | ati'ng neth The ai m of lating is to
spread an a‘-}ﬁ %T@'@FPI%@E‘&Q@[ tb@fhﬁﬁhﬁéﬂé’ﬂa@ds@é eér@jdlgh dblstai ng
the m orOOTGAR ﬁaatF“étFE% IdiAGA BF bbodiis 0d0Th oftn BPlethgapell UM
in a 10Petr d ass s or aper can be used

spread the m@tu'tgesitnmprga@peraqut tvnlcahe1 %drofma@aresuspmtecd ofgonéaitingg,
nost of th | Qr?w%%ﬂa h
bacteria rg[%nﬂéjogﬁsjatﬁwz ar su£3 e%@ S@g‘% ?Idﬂr.]ba{:"t 241n‘%’tﬂlg rﬁ%"ﬁ‘f‘?ﬁﬂ‘ ragr owt h
i n the ¥lor rRejfi dgshi. dﬁdaesbem%e:brm ssrepeh eambeuseditd spread fhiedbacteriabat i on

w1 occur s%fspgnéigﬁrBﬁ et é‘da‘? pli)a‘?é.t Aﬁgﬂ. ép‘?gaéi%, rﬁgs% of the liquid is absorbed by
the agar and a thin layer with bacteria remains on the agar surface. By
incubation, bacterial growth in the form of colonies developed on the agar
surface. The incubation will occur at a temperature best suited for the
15  microorganism, which is well documented in the literature and known to the
skilled person. Typically the temperature will be between 30°C and 50°C, for
instance around 37°C.

The repair compound should be added in an amount effective to reduce
20 oxidative stress of the microorganism. Preferably this will be an amount

effective to reduce or substantially remove ROS in the microorganism cell.

In one preferred form of the invention the repair compound includes at least
thioglycolic acid or its salts thereof. Desirably the thioglycolic acid is in the form

25 of thioglycolate and usually in the form of the sodium salt. The thioglycolic acid
or salts scavenge exogenously ROS. Preferably the amount of thioglycolic acid
or salts of present in a medium at a concentration of between 0.01 and 1% by
weight (calculated as thioglycolate).

30 Inanother preferred form of the invention the repair compound includes at least
one compound selected from the group consisting of catalase, ascorbic acid (or



15m croorganism which is well docunented in the literature and known
to the skilled person. Typically the tenperature will be between 30C
and 50C, fwo wwekance around 37C The repair conpotwWeRbusstode
added in an anount effective to reduce 20oxi dative stress of the

m croorganism Preferably this will be an anmount effective to reduce
or substantially renove ROS in the mcnoorganismcell. In one
preferred formof the invention the repair conpound includes at | east

t hi 39' ycol i saltahé@of)y mg‘ga%@ﬁi?ﬁodsfmicﬁ@frsaméé@pld}fr?th édrpr%gid]?col i cf
acidis in or of thi e an ua n the formo
the sodi um ﬂf@é '”E'ﬂﬁ"B@ng%gg@?@i‘b@féé'H r%%’%%ﬂ“\@ﬁé@'@rﬂ%sly
ROS. Pref ergii tiedes. ames@tombollintisQehviGRlbeen d&ird threéiﬁJetcﬁ r@nfno@é REMN
in a nediumat a concentration of between 0.01 and 1%

(cal cul at edVA8N BRFYGICASH] bYyruvig acigdare Uﬁ%ﬁ%fﬂf e Pfﬁéﬁ?rébfg’é?tﬁﬁﬁﬁ%ﬁbﬁls
acid (org S%Edlhh%t%oé&meﬁi&ﬁ%tnwlbe&bﬂe‘ﬁwm dRd § eght calculated as the

3, 3. -thiodi propionic_acid (or salt thereof pyruvic acid

(or salt t I'Feﬂdétﬁﬂﬁa” TRMSO @m@mh!nsum@ EiaWncﬁé%ﬁqumﬂi‘de@@O@écﬂjn@e or
remove ROS.q ﬁélﬁﬁf Qﬁoccaﬁ&lgge %%s%ﬁlgg)'rééeﬁ%fja %r%eHﬁEﬁo& NeNe P%]%S

preferably pres in a Tumat a ncentration o tween

and 1% by v@‘|090ﬁ1 f@aﬂ thltarweights Rynevicacliluenpsaiatly sGMBO dysuvatesfier abl y
used at a éﬂ%rb%?reget ween 0.01 and 0. 1% by wei ght and cat al ase
IS desirab y pres a concentration in the range of 0.001 to 0.1%
by wei gix. Pyruvic acid, especiall y sodi um pyr uvate, is particularly

preferred. d f f phvention t air

preterred. b bR SE R R0 Doy b HRAAL b olgh o BEH

salt) and aMIIIcemstls@bethohloglyeolgzrawp(osehle)calﬁbhtﬂémnabairﬁ@ou;ﬁscor bi c

acid (or sal eof net abi s Iph t t.her eof
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sal t thereq‘bb satithe mor) dintethyl isdiphokids abMId)es eomw)odlprﬁonuembldqu@n of
15 (or salt thereof) and pyruvic acid (cr salt thereof). The combination of

thioglycolate and sodium pyruvate is especially preferred.

In the case where the repair compound may be or include at least one
compound that indirectly inhibits the formation of and/or degrades the ROS,

20 said compound may bring about reduced levels of ROS by interfering with the
metabolism of the microorganism. Typically such compounds will include amino
acids or their salts. A particularly preferred compound is glutamic acid or

glutamate sait.

25 In a still further preferred form of the invention the repair compound would
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.

30 ltis particularly preferred that the repair compound will include both pyruvic acid
or pyruvate (especially the sodium salt) together with glutamic acid or glutamate



t hi ogl ycol ate and sodi um pyruvate is especially preferred. In the
case where the repair conpound may be or include at |east one
conpound WRPAYT6ect |y | nhibits the formation of andFEFEHER/AHES
the RGOS, 20 said conpound may bring about reduced |evels of ROS by
interfering with the netabolismof the mcroorganism Typically such
conpounds will include amino acids or their salts. A particularly
preferred conmpound is glutamc acid or glutamate salt. 25In a still
f ur]t hgr plr ééspeciadly hotm eidigsalthvits pembinaéion efairivie 8 ol R UYE! d

i ncl ude gl ut. cl d..or l t ' : ' salt.
| n- gener a1 WD GrBE foigpr ShiriBBen? © ndBEPER AL b B SIEVIEICE
0. Olhand g%lbyswﬂfiigj‘mr estihelitraaed therefone mooel aceuratglastimeomedpeci al | y
as the sodiu

: sal t) . .Thi.s..conbj | i ' pyruvate
W th ol ut i BuEBedegiong R LeE kol BGeEy el ey T V2L P
in that si t)Fairt]lcweMoSora wa lgdner foasd tratthiooorbbindtigrhienrgsabeuhafwtheccur at e
estimation cul turabl e Leg/one/la than_.either. g
respecti yelr98‘ﬂf_§'88 ogté&{gw_asg dﬁﬂ?g Hﬂ%@er\}\éﬁ ﬁﬁ,@e%ffﬁ’g% EQI?IOP fifegIn
gorrb: nat i Orpabt][dul%ﬁ%"l ﬁlquti n@elcfuum ISeich magdedtionrof Gy prege frintped cediuny
evel opnent of the i onel | a pneunophila, in particular in a liquid

medi um Sudﬁs%tsr'%édﬁgg%'ﬁn@if t}]eatg'”?)l;ﬁf’é’ﬁe?jltp pbtgi %‘”ﬁ@ﬁ AIPRLAY g a
rleduct ion gfiatthe time required to obtain a visible colony on agar
pl at e.

Desirably the amount of pyruvate and glutamate will be as stated previously. It

is particularly preferred 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 more

especially between 7:1 and 15:1.

15
Glutamate is not known to be an antioxidant. However, it s appear that indirectly
glutamate could reduce the endogenous production of ROS naturally formed

during growth or their consequences on macromolecules (oxidation).

20  Without being limited to theary, it thought that the glutamic acid changes the
metabolism of Legionelia to increase the effect of pyruvate and that this
interference with the metabolism of Legionella indirectly inhibits the formation of
and/or degrades intraceliular ROS.

25 It may also be desirable to include a keto acid and/or a reduced oxygen
scavenging enzyme with the repair medium and/or growth medium. A keto acid
and/or a reduced oxygen scavenging enzyme are not considered a repair
compound according to the present invention. Nevertheless, it may be
beneficial to include one or both of these compounds with any of the

30 aforementioned repair compounds or combinations thereof.



10 Desirably the anpbunt of pyruvate and glutamate will be as stated
previously. It is particularly preferred that the ratio of glutamate
to pyruvatwowpi2ziieei n t he range between 1:1 and 50: 1, mEIperei@los32s
between 5:1 and 20:1 and nore especially between 7:1 and 15:1. 15

G utamate is not known to be an antioxi dant. However, it s appear
that indirectly glutamate coul d reduce18he endogenous production of
ROS naturally formed during growh or their consequences on

macr onol ec ubetsci{roxardbduamtijyingib¥Wiabtainidiesrggnitingiche thetoarrtduemut by any

t hought that, th | utapic aci d changes. the . nmetabolism of Leg/one/la
Lot hor easdr b RafrtleRRbfugl: Shp BN SRR T Behe L PR

t he net abol dosimting theagsiols eblonidsnafithiesiirfacei of fhidgrosith hedfuat, math as  of
and/ or degrat%es intrgcel lular ROS. 25 It may al so be desirable to

i ncl ude a KEEHEIE ARG or a reduced oxygen scavengi ng enzyne with
the repa r nedium and/or growth nmedium A keto acid and/or a reduced
oxygen scavengi ng enzyne, are not consi dered a reRair conpound

accordi ng tg'&MEMNSASFECINd Preseh INVRRIRSY ippbiatasstine pecyrgle grantitative

beneficial deedlifAtitBEoOMnE Xistditietbf@bgloRBfAUmRPHE F iMHchnavnef the
30 af orenentioned repair conpounds of conbinations thereof. 13

Det ecti ng dneHbatiantimeynaybe senificamiyereqiest orpamethed isavitabe earri ed

out by any j i ; i i re.
Typi oal by Ttects, (EORARIS BESER e ) SHAPTRRHRL feimiah of HerBLYIR: e
of t he § oveeteaiediiromindusgial ggolingtwaters degydng whters .and natural waters.

The present invention also incorporates a kit for more accurately detecting and
enumerating viable microorganisms of the species Legionella pneumophila in a
sample suspected of containing said microorganisms comprising:
15 (1) at least one repair compound,
(2) a growth medium,
{3) a means for incubation
(4) a means for detecting and quantifying the microorganisms,
in which the repair compound directly or indirectly causes an effect on the

20 metabolism to reduce oxidative stress of the microorganism.

in which the microorganisms are of the species Legionella pneumophifa, and in
which the repair compound directly or indirectly causes an effect on the
metabolism to reduce the oxidative stress of the microorganism.

25
The 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
30 more accurate enumeration of Legionella pneumophila.



5 The nethod according to present invention facilitates the accurate
guantitative determ nation for the existence of Legionella

pneunophi I'&O 2FwR21eé nore t he incubation tinme may be si grGTER2A09M053295
reduced. The method is suitable for detecting Legionella pneunophila
in sanples derived fromany of the group 10sel ected from i ndustri al
cooling waters, drinking waters, and nd#ural waters. The present

i nvention also incorporates a kit for nore accurately detecting and
enuner at i ngrh4 fabbwingiecamptegahistate ik inveatispeci es Legi onel | a
pneunophila in a sanple suspected of containing said m croorgani sns
conprising: 15(1) at |east one repair conpound, (2) a
gromh nmedium (3) a neans for incubation (4) a nmeans for
detecting and quantifying the m croorganisns, in which the repair
conpound directly or indirectly causes an effect on the 20 netabolism
to reduce oxidative stress of the m croorganism in which the

m croorgani sns are of the species Legionella pneunophila, and in

whi ch the repair conpound directly or indirectly causes an effect on
the netabolismto reduce the oxidative stress of the m croorgani sm
25 The kit may al so contain any of the enbodi nents described in
regard to the first aspect of the invention. The kit is suitable
for use with the nethod of the present invention and enables 30 nore
accurate enuneration of Legionella pneunophila. 14



The follow ng exanples illustrate the invention. 15 Exanple 1 A
suspensi on of Legionella pneunophila was added to 5 flasks contai ni ng
50 ml of 3$¥eriwa2dfosphate buffer (PBS) at final conceXRCHEPRYNIHRIS108
bacteria/m . A biocide solution was added to obtain final
concentrations in the range 10 to 30 5ng/L. One flask was perforned
in parallel and served as control mﬁthggt bi oci de. The bi oci de used
Is a THPS (tetrakis(hydroxynethyl)phosphoni um sulfate). After

honogeni zatBxamplealll suspensi ons were incubated at 371C, in the dark

and wi th agy i L B Q6 ' I '
BB (5. 000 S Uops gon B LEdtofe By BUAEAT kB B R} FeuStgRatiRgSor "
di | ution i ofdtente Engphatel huffeo(PRS) attioaldontenirationef dankadenalil.dhn i s

pl ated on BCYE, agar.. pl at e . I ' %.0.

Dyruvat e, B dcenid BpEadiiel R i h MG ERolt o8 dieti o 00
enuner atsi ommgt. Ové flaslawhe paSortregl inpatdilel Hrbssrogrhad eorsfd eithbitdidaids.
treat nent CYE medi ym ( res) . .and BCYE ' I 0. 1% Rpyruvat e
(di anonds) %FBFEO ‘F"é%‘ﬁ#'@ aoﬁg"?ﬁéteﬁ%’@g I'ggrqxgmfagﬁfﬁhﬁggﬁaﬁ@msﬁﬁfé% ing of
the m croorganism The results show that in the presence of pyruvate
a much higher m croor&gni sm count is achi eved

ere the,~ .
m cr oor ganiAfifE NeMPosnIaELR £l FIEPEARIORD MR ANEPalsdLR %‘iﬂt"t frein the dark
M Cr oor ganiZfEwith agitation for 60 min. Biocide is eliminated by 2 washes in PBS (5,000 x

10 g, 10 min) before bacterial counting. Serial dilution is done and 2 aliquot of 100
ul from the same dilution is plated on BCYE agar plate and BCYE
supplemented with 0.1% of pyruvate.

The results are shown in figure 1. Figure 1 shows the enumeration of culturable

15  Legionella Pneumophila after biocide treatment on BCYE medium (squares)
and BCYE medium plus 0.1% pyruvate (diamonds). The presence of the
biocide is to introduce stressing of the microorganism. The results show that in
the presence of pyruvate a much higher microorganism count is achieved where
the microorganisms are stressed. In the absence of biocide the microorganisms

20 are unstressed. In this case it can be seen that the presence and absence of
pyruvate give the same result. This demonstrates that the presence of the
pyruvate stressed microorganisms of Legionella pneumophila are repaired and
and thus a more accurate reading is provided.

25 Example 2:

A suspension of Legionella pneumophila was added to 1 flask containing 50 ml

of sterile phosphate buffer (PBS) at final concentration of 10® bacteria/ml. A

biocide solution was added to obtain final concentration of 15 mg/L. The biocide
30 used is a THPS (tetrakis(hydroxymethyl)phosphonium sulfate).



20 are unstressed. In this case it can be seen that the presence and
absence of pyruvate give the same result. This denonstrates that the
presence ovoRéle/1pyeiuvat e stressed m croorgani sns of LedCaA@R0a/033295
pneunophila are repaired and and thus a nore accurate reading is
provi ded. 25 Exanple 2: A suspension of Leg/one/la pneunophila was
added to 1 flask containing 50 mM of st@&rile phosphate buffer (PBS)
at final concentration of 108 bacteria/m . A biocide solution was
added to otﬁf'@irhombgamizatmmemm'sioomasfinmﬁ)a@ at 37EeC bndhe dark3amdused

is a THPS k I t:
honogeni za atgdér(p‘)mrﬁ %WWE?C%E)é&%ﬁﬁBg t%@%ﬁeﬁ\'ﬁ%}#g @q@%ﬁg
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figure 2. Fir@dhewr irSisuns 2t Piguredt sifovaetneaatio bemzen r@ﬁwbéﬂbfuﬂ@hitﬁe
Leg/ one/l a obtai ned on standard nedi um &BCYE% and nunb
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pyruvate in the standard nedi um (B | eads to an increase of

cul turd® e thlégaa&ﬁﬂén(ﬁ’seru@@éc%@rarpta@rd 'bl ocide treatment (nunber of
cul turabl e Leg/one/la on "BCYE + Pyruvate" is 45 tinmes higher than
nunber of culturable 15 Legionella standard nedi um . Addition of

gl ut ani ¢ adhdilitnof@yruvatehie te ataadard medium (BCYE) leads fo an increase of

culturable Legionella detected after biocide treatment (number of culturable

Legionella on "BCYE + Pyruvate” is 45 times higher than number of culturable

15  Legionella standard medium). Addition of glutamic acid alone in the standard
medium (BCYE) leads to a decrease of culturable Legionella detected after
biocide treatment (x 0.2). Surprisingly, addition of pyruvate and glutamic acid
lead to an increase of culturable Legionelfa, with a larger number than that
observed with compounds alone. This demonstrates that the presence of the

20 pyruvate stressed microorganisms of Legionella pneumophila are more repaired
with addition of glutamic acid and thus a more accurate reading is provided.

Example 3:

25 A suspension of Legionella pneumophila was added to 1 flask containing 1 L of
sterile phosphate buffer (PBS) at final concentration of 3 x 10? bacteria/ L. After
concentration by filtration, 2 aliquot of 100 ul from the same suspension is
plated on GVPC agar plate (GVPC), GVPC supplemented with 0.1% of
pyruvate and 1% of glutamic acid (GVPC+X). Numbers of colony were counted

30 at0, 3, 5and 10 days after incubation at 37°C. The results are shown in Figure
3. At 3 days of incubation, no colony was visible on GVPC medium when 300



medi um (BCYE) | eads to a decrease of culturable Legionefia detected
after biocide treatnent (x 0.2). Surprisingly, addition of pyruvate
and gl ut artwo 2e1di7ead to an i ncrease of cul turabl e Ledi@AS2004/0538P h
a |larger nunber than that observed with conpounds al one. This
denonstrates that the presence of the 20 pyruvate stressed

m croorgani sns of Leg/one/la pneunophi a are nore repaired with
addition of glutamc acid and thus a nore accurate reading is

provi ded. Eoimisecduld 26 ey prusicnzied fonl @Y POhelidepetadwpddilia. Wasd

O LS e R

GVPC agar biato. (PO VPG ol amented. vtk 0. 196 of oyt duote and
To6 of g1 ut SvPeeRtanied HoEiRocoT it BY oF el el e s R B
3, 5 ang 1Q:risaebitoprstamudaRg at 37C. The results are shown in

Figure 3. At 3 days of incubation, no colony was visible on GVPC
medi um when 300 17

Example 4:

An environmental sample containing culturable Legionella was concentrate by

10 filtration. From concentrate, 2 aliquot of 100 pl from the same suspension is
plated on GVPC agar plate (GVPC), GVPC supplemented with 0.1% of
pyruvate and 1% of glutamic acid (GVPC+X). Numbers of colony were counted
5 days after incubation at 37°C. In this case, no Legionella colonies could be
enumerated on standard medium (GVPC), where 17 colonies of Not-Legionella

15 colonies could be enumerated. By contrast, at least 10 Legionella colonies
could be enumerated on Supplemented medium (GVPC+X), where only 2
colonies of Not-Legionella colonies. This is shown in Figure 4.

Example 5

20 A suspension of Legionella pneumophila was added to 1 flask containing 50 m!
of sterile phosphate buffer (PBS) at final concentration of 10° bacteria/ml. A
biocide solution was added to obtain final concentration of 15 mg/l. The biocide
used is a THPS (tetrakis(hydroxymethyl)phosphonium sulfate).

25  After homogenization, suspension was incubated at 37+1°C, in the dark and
with agitation for 60 min. Biocide is eliminated by 2 washes in PBS (5,000 x g:
10 min) before bacterial counting. Serial dilution is done either in PBS or PBS
supplemented with 0.5% of pyruvate. From each dilution buffer {with or without
pyruvate addition), 2 aliquot of 100 pi from the same dilution is plated on BCYE

30 agar plate, BCYE supplemented with 0.1% of pyruvate. The results are shown
in Figure 5. Figure 5 shows the number of culturable Legionella pneumophila



col oni es could be already enunmerated on GVPC suppl enmented nedi um At
5 and 10 days of incubation, 100 col onies could be enunerated on GVPC
wher e 300 W@RBHIZS26coul d be enunerated on GVPC suppl en®kTER2M¢073T
By using suppl enented nedium col onies could be detected at |east 2
days before that 5 enunerated on standard GYPC. Exanple 4: An

envi ronnental sanple containing culturtble Leg/one/la was concentrate
by 10 filtration. Fromconcentrate, 2 aliquot of 100 pl fromthe sane

suspensi on obtaumch@iedtaodarGW@la@dBCMEa\ﬁBd nowbey of @@@b&@bw@m@m ed
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where 17 col onies of Not-Legionella 15 col onies could be enunerat ed.
By contrast, at |east 10 Legionella colonies could be enunerated on

Suppl emgnt e ATRAUYBLEEVEE; ditiontufipgruvateyin hestaodaresnediuNdBOY Eylazde! | a

colonies. This.is sho jgure 4. of
Leg/ one/ | a \pABIMOHHY %mcwhgragl%quqtﬁﬂi ppﬁ%&ply%n%g?%?tﬁéﬁ%gﬂ% 8@
steril e phogshhaés, RHEA PBS(&B,S)arealisé‘dltﬁalllute@OmoherpﬂsmgIS/ acﬁﬂuon of
bacteria/m . A biocjde sol ytion S . added to ohtajn r]_
concent r at iRYFVGEe 'I‘Eihﬁﬁwt'oweﬂe\é\@?&%a VLS ﬁ'#!!lf’%ble egionella
(tetraki s hy@umeyrr aé%bb@h@ﬁr&f&mmldnmmveﬁﬁu%m bn standard
honpbgeni zation, suspension was incubated at in the

r
0t R ag0r armeUmGPBENANeS WiloeY UUStPS TR KReE GoBy e aReE NS O pas
(5,000 x g néhdid opetrbadeddi. |ppbli@Bphit.
done elthe;héﬁy%h% dﬁ%g%%%ggﬁgFgﬁgﬁ?éﬁﬂgnt% 0. 5% of pyru&gte rom
each dilution buffer (with or without pyruvate addition), 2 aliquot
of 100 pl fromthe sane dilution is plated on BCYE 30 agar plate,
BCYE suppl enented with 0.1% of pyruvate. The results are shown in
Figure 5. Figure 5 shows the nunber of culturable Legionlla

pneunophi l a 18 obtai ned on standard nmedi um (BCYE) and nunber of

cul turabl e Legi onell a pneunophi |l a obtai ned on standard nedi um

suppl enented with pyruvate after dilution in PBS (scratched bar) or
PBS + Pyruvate (dark bar).



5 As already observed, addition of pyruvate in the standard nmedi um
(BCYE) |eads to an increase of culturable Legionella pneunophila
detected after biocide treatnent, when PBS only are used to dilute
solution. Surprisingly, addition of pyruvate in the dilution buffer

| eads to an increase of culturable Leg/one/la pneunophila detected on
standard medi um (BCYE), but al so on standard 10 nedi um suppl enent ed
W th pyruvate. This denonstrates that i8he presence of the pyruvate in
dilution buffer allow a nore repaired of stressed L. pneunophila. 15
19 CLAI Ms: CHAIMSA nethod for detecting and &unerating viabl e

m croorgani sns in a sanple suspected of containing said

mi Cr 00r gani £ Mmethod for .;gg(.e:%m%g(ﬁ %&&%@k@%&%ﬂ%ﬁéﬂ%%@%ﬁ%a 85,@%! d

sanple nit repair conpoun ] gr owmt um

| ncubat i ng YWeepebalEraming s snigrpaanincks (3) Detecting and
gquantifying said, viabl e m croorganisns, In which the m croorgani sns
are of the specidsCreg %PW- m$of spiysamplamitb pt fepa arepai r

conmpound di i,ndi,rectly causes _an elfect on the netabolismto
reduce the %ﬁ%ﬁé‘%‘?@‘%’”@ﬁg’gs&ssc%ﬁ‘ﬁg&%ﬁ%c?f rganism 2. A nethod
according to cl a i, 0. Whi _ L F41C ound Is a conpound t hat
inhibits the foﬁbnﬂ”%%&gyi’ﬁ%?gpﬁﬁg’%%?&%. 3. A nethod according

to claiml or 2 ppwecall StPfudrdd @R Heas nfi@hdBsditag, sol d sanple

with a repair medium preferably a non-selective repair nedium
cont ai ni ng isaihtthribpatigrosrganispe andofahs spdviss feeRgefgmidiinsopihii, angent act

W 2 oW P R PL A8 kol Y R bl o QY e PR b e
metabolism to reduce the oxidative stress of the microorganiam,

2. A mathod according to claim 1 in which the repalr compound is a compound
that inhibits the formation of andlor degradas ROS,

3. A mathod according 1o cigim 1 or 2 in which step (1) comprises contacting sald
sample with a repair madiom, preferably a non-seleclive repair medium,
containing saki repair compound and than bringing this into confact with a crowth
medium, preferably a gelective growth medium.

4. A mathod according o ¢laim 3 Inwhich the repair medium is a liguid,
prafarably a broth.

5. A method according 1o any one of the preceding claims in which step (1)
comprises contacting sald sample vith a greavth medium, preferably a non-
selective growth medium, and then bringing this into contact with & repsir medium
cordaining said repair compaund,

8. A method according to any one of the preceding claims in which the repsir
meclum is 9 selective repalr medium, preferabdy a solid, snd maore preferably a
selective agar growih medium.

7. A method according to any ona of the praceding claims In which step (1)
compriges contacting said sample with a grosvth medium containing sald repalr
comaong.



4. A met hod according to claim3 In whid-i the repair mediumls a
liquid, preferably a broth. 5. A nethod according 10 any one of the
preceding clainms in which step (1) conprises contacting said sanple
with a gromh nmedium preferably a nonsel ective growth nedium and
then bringing thks into contact with a repair medi um containing said
repair conpound. 6. A nethod according to any one of the preceding
clains in which the repair nediumls a gelective repair nedi um
preferably a sabot and nore preferably a select:ft agar growth

medi um 7. & Ahetdted meociindi hgrivanany trengeodditgdaiprsdn edighghe badwts i n

vi hich stop . rd Ses ntacting. said £ W a growth medi um
cont ai ni ng séﬁ%mﬁ)@ﬁ% ‘?ﬁ?’%ﬁ% 'aﬁ_ Wﬁ‘%ﬂ e%ml\ml){éfvé%%% P@gﬁ%@t’* any
one of the pmeddi.ng clainms In which the growmh nediumis a buffered
charcoal yeast extract (BOVE) or GVPC agar growmh nmedium 9. A

met hod accor 8iAgetiedanzontingod anvengof tediragpdigdiimstic hMishebakepsir
conpound co I t hi . i | 1o i Il hereof), 10. A
met hod acco;%%ﬂr}gﬁ?]{)it %h% @AMH%;@E@&%&&&%%% in which the

e comapotach R 88y thERT ono BPURAIBARIL SR PRI et

group consisting of ascorbi ¢ acid (or salt t erfel ), netabis ur ous
acid (or sal ¥oTFREFESEMPrgehet Ingst coricpRbLLeksglanmd from the group consisting

3, 3tthi odi prgpis@niths &G4 e A PHdrod ﬂ&nzﬁéﬁé&ui{a!ﬂﬁ%ﬁé;%%}d gag%ag?ﬂét%efg AR Fy

(or salt thereof), 11. A nethod Tacc_orph n? t

precedi ng cl S¥onkie (RHER), Brsthiedipropipogrreic@Mi) (ossaltinwgyl end prrusisi d
(or salt theggetdr ARGdNEMIVic acid (or salt Thereof). 12. A method
according to any one of the preceding clainms in |crepair conpound
conprises gl ] i I [.eqf t. i.ng to
any one of tJﬁé%gg%gia%éﬁ%@?ﬁb%%&ﬁﬁ?@@%@ﬁe@&% n@%ﬂ%ﬁﬁﬁ%&e@
conpri ses gl caraprundacmprites thiahcoliih aciddh) silntenpy et gyasicciblor salk t

t her eof). thereof),

12. A methed according te any one of the preceding clalms in which the rapair
compound comprises glulamic acid {or sali thereof),

13, A method according to any one of the preceding claims in which the repaic
compound comprises glutamic acid (or sait theroof) and pyruvic acld {or sait
theraof).

14, A methed according to any ong of the preceding clalms in which the repalr
mmedium andior growth medium includes a kelo acid andfor a reduced oxygan
SCAVENQING BREVITE.

15. A Kit when used in the mathod of any one of the precading claims {o
accurately detedt and snumarats viable micrcorganisms of the species Legioneila
pheumophfia in a sample suspecied of containing ssid microorganisma said kit,
COmprising:

{1) at lpast one repair compotnd,

{2) a growth medium,

{3 a means for incubation

{4) a8 means for detecting and quantifying the microorganisms,



14, A method according to any one of the preceding clains in which
the repair rnedki man di emgrowh nmedi umincludes a keto acid and/or
a reduced oxygen scavengi ng enzyne. 15. A kit when used in the nethod
of any one of the preceding clains to accurately detect and enunerate
vi abl e m croorganisns of the species Lggionelta pneunioptilla In a
sanpl e suspected of containing said mcroorganisns said kit,
conprising: (1) at |east one repair conpound, (2) a growth nedi um

(3) a neimsmfuhrzhemmtgmméhmommwhm Ldglorelis ppeamophiis mhnidfiyi ng
the rncro r anisnis, in which the m croorgani snsof . the species

Legi onei F WG FERRK camparRd difeqiin erHndirretiy Sgases 8B sffsdRr Bereelabpligp
i ndi rect ?dr %kﬁéﬁv@fﬁégé me&tgﬂﬁ%g‘ggﬁ smto reduce oxidative

stress o m Cr oor gani



