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Description

[0001] The present invention concerns a method for
detecting and enumerating viable microorganisms of the
species Legionella pneumophila in a sample. The inven-
tion also includes a kit suitable for use in such a method.
This method and kit enable viable microorganisms to be
quantified more rapidly.

[0002] Legionella bacteria are ubiquitous in wet or
moist environments such as soil and non-marine aquatic
habitats. They can also be found in warm and cold water
installations, cooling towers of air conditioning systems
and water humidifiers.

[0003] Legionella, especially Legionella pneumophila,
are pathogens that can cause an acute bacterial pneu-
monia, generally known as "legionnaires disease", which
is often lethal for infected individuals.

[0004] Traditionally detection and enumeration of Le-
gionella pneumophila are achieved by cell culturing. This
method may be achieved by measuring culturable bac-
teria using plate count or measuring micro-colonies em-
ploying a filter membrane method. These techniques
evaluate viable bacteria by their ability to form a colony
or micro-colony. Unfortunately, such methods usually re-
quire 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.

[0005] Other methods for detecting total Legionella mi-
croorganisms include PCR (Polymerase Chain Reac-
tion) techniques. PCR employs DNA polymerase to am-
plify a piece of DNA by in vitro enzymatic replication.
During the progression of the technique the DNA gener-
ated is used as a template for replication which brings
about a chain reaction in which the DNA template is ex-
ponentially 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 such a method
is described by Diederen et al., J Med Microbiol. 2007
Jan; 56 (Pt 1):94-101.

[0006] Howeveradrawback of PCRisthatthe samples
tend to contain polymerisation reaction inhibitors and
therefore do not consistently provide quantitative results.
Furthermore, the technique relies upon a prior DNA pu-
rification step which can result in loss of DNA with the
consequential underestimation of the Legionella present.
To some extent these disadvantages are overcome by
real-time PCR which is quantitative. However, the tech-
nique cannot distinguish between viable cells and non-
viable cells.

[0007] Another technique is fluorescent in situ hybrid-
isation (FISH) in which an oligonucleotidic probe labelled
by a fluorescent substance penetrates into the bacteria
cells. Where the ribosomal nucleic acids (rRNA) have
the correct 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
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signal. This fluorescent signal may then be quantified by
techniques such as flow cytometry, solid phase cytome-
try, or epifluorescent microscopy. A typical FISH tech-
nique is described 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 col-
ony.

[0008] A further method for enumerating viable Le-
gionella 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 bacteria. It
combines specific detection of Legionella cells using an-
tibodies and a bacterial viability marker (ChemChrome
V6) and employing epifluorescent microscopy for the
enumeration. However, although this technique distin-
guishes between viable and non-viable cells it is not able
to separately identify those colony-forming bacteria.
[0009] US 20070218522 describes methods and com-
positions for detecting and quantifying viable Legionella
and other heterotrophic aerobic bacteria the method in-
cludes the use of dipslides that include an absorbent me-
dium, growth promoting and growth selective substances
for rapid detection and quantification of micro-colonies
of Legionella. This technique would not enumerates in-
jured bacteria.

[0010] EP 1329515 relates to a method of testing for
the presence of microorganisms in a gaseous environ-
ment comprising hydrogen peroxide by bringing the gas-
eous environment into contact with an agar growth me-
dium comprising a salt of pyruvic acid and allowing the
development of colonies of the microorganisms.

[0011] Techniques which involve the growth of colo-
nies on a growth medium, such as a nutrient agar plate,
are generally considered to be more accurate. Conse-
quently the plate count method remains the preferred
choice of method for obtaining the total viable count. This
generally means applying a sample suspected of con-
taining the microorganism onto a plate containing a solid
nutrient source or growth medium. Such a technique is
generally referred to as plating. By total viable count we
mean the total number of bacteria capable of yielding 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.

[0012] However, microorganisms such as Legionella
pneumophila in the environment may be subject to one
or more stresses which prevent the microorganism from
growing and multiplying in its environmental situation.
Such stressed microorganisms would not divide at all or
form a visible colony under normal culturing conditions.
In the environment a proportion of microorganisms cells
will generally be stressed due to environmental condi-
tions, such as starvation, presence of biocide, heatshock
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and desiccation. Furthermore, these cells may be in a
vulnerable physiological state in which the technique of
plating the microorganisms may exacerbate stressing of
those already stressed microorganisms cells due to the
presence of atmospheric oxygen. Furthermore this could
lead to artifactual death of the stressed bacteria leading
to an underestimation of the total viable count.

[0013] Inaddition, underestimation of viable Legionella
pneumophila with plating method might become hazard-
ous in regard to its pathogenicity.

[0014] Since the 1970s it has been reported that scav-
engers of reactive oxygen species (ROS) should be used
to limit the effect of oxidative stress during the 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 Micro-
biol 32, 731-4 (1976); Brewer et al Beneficial effects of
catalase or pyruvate in a most-probable-number tech-
nique for the detection of Staphylococcus aureus. Appl
Environ Microbiol 34, 797-800 (1977); McDonald et al,
Enhanced recovery of injured Escherichia coli by com-
pounds that degrade hydrogen peroxide or block its for-
mation. Appl Environ Microbiol 45, 360-5 (1983); Marthi
et al) Resuscitation effects of catalase on airborne bac-
teria. Appl Environ Microbiol 57, 2775-6 (1991); Busch
and Donnelly Development of a repair-enrichment 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).

[0015] However, in all the aforementioned cases the
inventors of the present invention believe that the ROS
would be reduced by a direct route in which the com-
pound reacts chemically with ROS .

[0016] Bérubé etal, "Rapid detection and identification
of Legionella pneumophila by membrane immu-
noassay", Applied and Environmental Microbiology,
1989, 55, 1640-1641 describes the detection and iden-
tification of Legionella pneumophila by an immunoblot
assay using a monoclonal antibody. No means is provid-
ed for dealing with the problem of injured bacteria.
[0017] An article by Pine et al (Role of keto acids and
reduced-oxygen-scavenging enzymes in the growth of
Legionella species. J Clin Microbiol 23, 33-42 (1986))
describes the necessity for the addition of keto acids and
reduced oxygen scavenging enzyme is to optimise the
growth of Legionella pneumophila and suggested using
these materials in the medium used for standard enu-
meration of this microorganism.

[0018] However the use of keto acids and reduced ox-
ygen scavenging enzyme alone is insufficient to repair
the stressed Legionella pneumophila cells to be repaired
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
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concerning the optimisation of a standard medium useful
forthe accurate enumeration of Legionella pneumophila.
[0019] 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 stand-
ard method using the plating technique.

[0020] Thus according to the presentinvention we pro-
vide a method for detecting and enumerating viable mi-
croorganisms in a sample suspected of containing said
microorganisms, in which the sample is derived from any
of the group selected from industrial cooling waters,
drinking waters, and natural waters, by

(1) contacting said microorganisms of said sample
with at least one repair compound and a growth me-
dium, and

(2) incubating the product of steps (1), and

(3) detecting and quantifying said viable microorgan-
isms,

in which the microorganisms are of the species Legionel-
la pneumophila, and in which the repair compound di-
rectly or indirectly causes an effect on the metabolism to
reduce the oxidative stress of the microorganism,

in which the repair compound comprises glutamic acid
(or salt thereof) and pyruvic acid (or salt thereof),

in which step (1) comprises:

(A) contacting said sample with a repair medium,
preferably a non-selective repairmedium, containing
said repair compound and then bringing this into con-
tact with the growth medium; or

(B) contacting said sample with the growth medium
containing said repair compound,

wherein the pyruvic acid is present in a medium at a con-
centration between 0.01 and 1% by weight calculated as
the sodium salt, and the amount of glutamic acid is be-
tween 0.01 and 5% by weight calculated as the sodium
salt, and in which the growth medium is buffered charcoal
yeast extract (BCYE) agar growth medium or glycine,
vancomycine, polymyxine B, cycloheximide (GVPC)
growth medium.

[0021] By oxidative stress we mean an imbalance be-
tween the concentration of ROS (endogene production
or exogene adduction) and the ability of the microorgan-
isms to readily detoxify the reactive intermediates or ef-
ficiently repair the resulting damage. Such disruption of
the normal metabolic processes of the microorganism
can cause toxic effects due to the formation of free rad-
icals and oxidising agents, such as peroxides, which may
lead to damage to the components of the microorganisms
cells, for instance DNA, proteins or lipids.

[0022] Causing an effect on the metabolism of the mi-
croorganism means bringing about changes to natural
internal chemical processes within the microorganism
cell.

[0023] Reference to endogenously means changes
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are brought aboutwithin the microorganism cellto 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.

[0024] Desirably the repair compound may be or in-
clude at least one compound that inhibits the formation
of and/or degrades ROS. In general this would be
achieved by modification of the metabolism.

[0025] However, the repair compound may be or in-
clude at least one compound that indirectly inhibits the
formation of and/or degrades the ROS. Such a com-
pound that exerts an indirect effect on the ROS may do
this by interfering with the metabolism of the microorgan-
ism. Such a compound may be regarded as indirectly
reducing ROS endogenously for instance during aerobic
respiration.

[0026] We havefound thatthe present methodinduces
the repair of stressed Legionella pneumophila cells and
thus more accurately provides a total viable count. Un-
expectedly we have also found that the method reduces
the amount of incubation time required. In general we
find that the method can reduce the incubation time by
several hours and in some cases at least one day. In
some cases method of the present invention may reduce
the incubation time by up to several days, e.g. up to five
days, by comparison to the conventional method.
[0027] Unexpectedly we have also found that the in-
ventive method can bring about a reduction of interfering
microorganismsi.e. those microorganisms other thanthe
Legionella pneumophila.

[0028] The method of the present invention desirably
involves contacting stressed Legionella pneumophila mi-
croorganism cells with at least one compound that inhib-
its the formation of and/or reduces and/or removes ROS
and this tends to induce repair of the stressed cells.
[0029] The Legionella pneumophila microorganism
may be brought directly in contact with the repair com-
pound 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 re-
pair compound. Alternatively once a sample of water con-
taining the Legionella pneumophila has been collected
it may be diluted with dilution water containing repair com-
pound for analysis purpose. In a further alternative the
sample, optionally having been diluted, may be brought
into contact with the growth medium containing the repair
compound.

[0030] One form of this invention desirably involves
contacting said sample with a repair medium, preferably
a non-selective repair medium, containing said repair
compound and then bringing this into contact with a
growth medium. Preferably the repair medium is a liquid
and more preferably a broth. Where the repair medium
is a liquid this is suitably referred to as a liquid repair
method. Typically in a liquid repair method the sample is
firstintroduced into a liquid medium containing the repair
compound. Ideally the liquid repair method allows
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stressed bacteria to repair in a non-selective liquid me-
dium. Preferably the liquid repair method will employ a
broth as the liquid medium. In general the liquid medium
containing the microorganisms will then be transferred
toa growth medium. The stressed microorganisms would
either have been repaired prior to transference to the
growth medium or would repair upon contact with the
growth medium. Typically the liquid medium containing
the microorganisms will be plated onto a selective growth
medium plate such as a selective agar growth medium
plate.

[0031] In an alternative form the sample may be ap-
plied to a selective growth medium which already con-
tains the repair compound. Such a selective growth me-
dium may be a selective agar growth medium. Plating of
the sample may be carried out as described previously.
[0032] In a further alternative form the sample may be
collected from water in the form of an aerosol. Typically
the aerosol may be located in a cooling tower or air con-
ditionner. Desirably the water condensed from the aero-
sol before testing according to the method of the present
invention. In an alternative preferred form step (1) com-
prises contacting said sample from aerosol with a dilution
water containing a repair medium, preferably a non-se-
lective repair medium containing said repair compound,
and then bringing this into contact with a growth medium
also containing said repair compound.

[0033] The selective growth medium is more prefera-
bly a buffered charcoal yeast extract (BCYE) agar growth
medium. The BCYE growth medium would become se-
lective by the addition of antibiotic supplement. A highly
desirable BCYE growth medium with antibiotic is known
as GVPC (Glycine, Vancomycine, Polymyxine B, Cy-
cloheximide).

[0034] The plating method is documented in the liter-
ature and is well known that the skilled person. Typically
the method will involve applying a quantity of these sam-
ples of water onto agar gel that has been placed in a Petri
dish. This may be termed a Petri dish method or an agar
plating method. The aim of the agar plating is to spread
an aliquot, typically 100 .| of water suspected of contain-
ing the microorganism, termed a bacterial suspension,
onto a solid medium in a Petridish. Glass beads or a cell
scraper can be used to spread the bacterial suspension
on the agar plate. After spreading, most of the liquid is
absorbed by the agar and a thin layer with bacteria re-
mains 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 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 in-
stance around 37°C.

[0035] The repair compound should be added in an
amount effective to reduce oxidative stress of the micro-
organism. Preferably this will be an amount effective to
reduce or substantially remove ROS in the microorgan-
ism cell.
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[0036] The repair compound will include both pyruvic
acid or pyruvate (especially the sodium salt) together with
glutamic acid or glutamate (especially as the sodium
salt). This combination of pyruvic acid or pyruvate with
glutamic acid or glutamate seems to induce a synergistic
effect in that it allows a higher estimation (and therefore
more accurate estimation) of culturable Legionella than
either compound respectively used alone. Furthermore
we have found that this combination brings about a fur-
ther 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 col-
ony on agar plate.

[0037] Desirably the amount of pyruvate and glutama-
te 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.

[0038] Glutamate is not known to be an antioxidant.
However, it s appear that indirectly glutamate could re-
duce the endogenous production of ROS naturally
formed during growth or their consequences on macro-
molecules (oxidation).

[0039] Without being limited to theory, it thought that
the glutamic acid changes the metabolism of Legionella
to increase the effect of pyruvate and that this interfer-
ence with the metabolism of Legionella indirectly inhibits
the formation of and/or degrades intracellular ROS.
[0040] 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 consid-
ered a repair compound according to the present inven-
tion. Nevertheless, it may be beneficial to include one or
both of these compounds with any of the aforementioned
repair compounds or combinations thereof.

[0041] Detecting and quantifying the viable microor-
ganisms can be carried out by any of the known technique
is documented in the literature. Typically this will mean
counting the visible colonies of the surface of the growth
medium, such as nutrient agar plate.

[0042] The method according to present invention fa-
cilitates the accurate quantitative determination for the
existence of Legionella pneumophila. Furthermore the
incubation time may be significantly reduced. The meth-
od is suitable for detecting Legionella pneumophila in
samples derived from any of the group selected from
industrial cooling waters, drinking waters, and natural wa-
ters. The present invention also incorporates a kit for
more accurately detecting and enumerating viable mi-
croorganisms of the species Legionella pneumophila in
a sample suspected of containing said microorganisms,
in which the sample is derived from any of the group
selected from industrial cooling waters, drinking waters,
and natural waters, comprising:

(1) at least one repair compound,
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(2) a growth medium,

(3) a means for incubation

(4) a means for detecting and quantifying the micro-
organisms,

in which the repair compound directly orindirectly causes
an effect on the metabolism to reduce oxidative stress
of the microorganism in which the microorganisms are
of the species Legionella pneumophila, and in which the
repair compound directly or indirectly causes an effect
on the metabolism to reduce the oxidative stress of the
microorganism, in which the repair compound comprises
glutamic acid (or salt thereof) and pyruvic acid (or salt
thereof), wherein the pyruvic acid is present in a growth
medium at a concentration between 0.01 and 1% by
weight calculated as the sodium salt, and the amount of
glutamic acid is between 0.01 and 5% by weight calcu-
lated as the sodium salt, and in which the growth medium
is buffered charcoal yeast extract (BCYE) agar growth
medium or glycine, vancomycine, polymyxine B, cy-
cloheximide (GVPC) growth medium.

[0043] The kit may also contain any of the embodi-
ments described in regard to the first aspect of the inven-
tion.

[0044] The kit is suitable for use with the method of the
present invention and enables more accurate enumera-
tion of Legionella pneumophila.

[0045] The following examples illustrate the invention.
Example 1
[0046] A suspension of Legionella pneumophila was

added to 5 flasks containing 50 ml of sterile phosphate
buffer (PBS) at final concentration of 108 bacteria/ml. A
biocide solution was added to obtain final concentrations
in the range 10 to 30 mg/L. One flask was performed in
parallel and served as control without biocide. The bio-
cide used is a THPS (tetrakis(hydroxymethyl)phospho-
nium sulfate).

[0047] After homogenization, all suspensions were in-
cubated 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 and 2 aliquot of 100 wl from the same dilution is
plated on BCYE agar plate and BCYE supplemented with
0.1% of pyruvate.

[0048] The results are shown in figure 1. Figure 1
shows the enumeration of culturable Legionella Pneu-
mophila after biocide treatment on BCYE medium
(squares) and BCYE medium plus 0.1% pyruvate (dia-
monds). 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
are unstressed. In this case it can be seen that the pres-
ence and absence of pyruvate give the same result. This
demonstrates that the presence of the pyruvate stressed
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microorganisms of Legionella pneumophila are repaired
and and thus a more accurate reading is provided.

Example 2:

[0049] A suspension of Legionella pneumophila was
added to 1 flask containing 50 ml of sterile phosphate
buffer (PBS) at final concentration of 108 bacteria/ml. A
biocide solution was added to obtain final concentration
of 15 mg/L. The biocide used is a THPS (tetrakis(hy-
droxymethyl)phosphonium sulfate).

[0050] After homogenization, suspensionwas incubat-
ed 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 and
2 aliquot of 100 pl from the same dilution is plated on
BCYE agar plate, BCYE supplemented with 0.1% of
pyruvate, BCYE supplemented with 0.1% of pyruvate
and 1% of glutamic acid and BCYE supplemented with
1% of glutamic acid. The results are shown in figure 2.
Figure 2 shows the ratio between number of culturable
Legionella obtained on standard medium (BCYE) and
number of culturable Legionella obtained on medium
supplemented with 2 compounds described in this patent
(Pyruvate & Glutamic acid).

[0051] Addition of pyruvate in the standard medium
(BCYE) leads to an increase of culturable Legionella de-
tected after biocide treatment (number of culturable Le-
gionella on "BCYE + Pyruvate" is 45 times higher than
number of culturable Legionella standard medium). Ad-
dition of glutamic acid alone in the standard medium
(BCYE) leads to a decrease of culturable Legionella de-
tected after biocide treatment (x 0.2). Surprisingly, addi-
tion of pyruvate and glutamic acid lead to an increase of
culturable Legionella, with a larger number than that ob-
served with compounds alone. This demonstrates that
the presence of the pyruvate stressed microorganisms
of Legionella pneumophila are more repaired with addi-
tion of glutamic acid and thus a more accurate reading
is provided.

Example 3:

[0052] A suspension of Legionella pneumophila was
added to 1 flask containing 1 L of sterile phosphate buffer
(PBS) at final concentration of 3 x 102 bacteria/ L. After
concentration by filtration, 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 count-
ed at 0, 3, 5 and 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 col-
onies could be already enumerated on GVPC supple-
mented medium. At 5 and 10 days of incubation, 100
colonies could be enumerated on GVPC where 300 col-
onies could be enumerated on GVPC supplemented me-
dium. By using supplemented medium, colonies could
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be detected at least 2 days before that enumerated on
standard GVPC.

Example 4.

[0053] An environmental sample containing culturable
Legionella was concentrate by filtration. From concen-
trate, 2 aliquot of 100 pl from the same suspension is
plated on GVPC agar plate (GVPC), GVPC supplement-
ed 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 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 col-
onies. This is shown in Figure 4.

Example 5

[0054] A suspension of Legionella pneumophila was
added to 1 flask containing 50 ml of sterile phosphate
buffer (PBS) at final concentration of 108 bacteria/ml. A
biocide solution was added to obtain final concentration
of 15 mg/l. The biocide used is a THPS (tetrakis(hy-
droxymethyl)phosphonium sulfate).

[0055] Afterhomogenization, suspensionwas incubat-
ed 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 ei-
ther in PBS or PBS supplemented with 0.5% of pyruvate.
From each dilution buffer (with or without pyruvate addi-
tion), 2 aliquot of 100 pl from the same dilution is plated
on BCYE 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
obtained on standard medium (BCYE) and number of
culturable Legionella pneumophila obtained on standard
medium supplemented with pyruvate after dilutionin PBS
(scratched bar) or PBS + Pyruvate (dark bar).

[0056] Asalready observed, addition of pyruvate in the
standard medium (BCYE) leads to an increase of cultur-
able Legionella pneumophila detected after biocide treat-
ment, when PBS only are used to dilute solution. Sur-
prisingly, addition of pyruvate in the dilution buffer leads
to an increase of culturable Legionella pneumophila de-
tected on standard medium (BCYE), butalso on standard
medium supplemented with pyruvate. Thisdemonstrates
that the presence of the pyruvate in dilution buffer allow
a more repaired of stressed L. pneumophila.

Claims
1. A method for detecting and enumerating viable mi-

croorganisms in a sample suspected of containing
said microorganisms, in which the sample is derived
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from any of the group selected from industrial cooling
waters, drinking waters, and natural waters, by

(1) Contacting said microorganisms of said sam-
ple with at least one repair compound and a
growth medium, and

(2) Incubating the product of steps (1), and

(3) Detecting and quantifying said viable micro-
organisms,

in which the microorganisms are of the species Le-
gionella pneumophila, and in which the repair com-
pound directly or indirectly causes an effect on the
metabolism to reduce the oxidative stress of the mi-
croorganism,

in which the repair compound comprises glutamic
acid (or salt thereof) and pyruvic acid (or salt thereof),
in which step (1) comprises:

(A) contacting said sample with arepair medium,
preferably a non-selective repair medium, con-
taining said repair compound and then bringing
this into contact with the growth medium; or
(B) contacting said sample with the growth me-
dium containing said repair compound,

wherein the pyruvic acid is present in a medium at
a concentration between 0.01 and 1% by weight cal-
culated as the sodium salt, and the amount of glutam-
ic acid is between 0.01 and 5% by weight calculated
as the sodium salt, and in which the growth medium
is buffered charcoal yeast extract (BCYE) agar
growth medium or glycine, vancomycine, polymyxi-
ne B, cycloheximide (GVPC) growth medium.

Kit for more accurately detecting and enumerating
viable microorganisms of the species Legionella
pneumophila in a sample suspected of containing
said microorganisms, in which the sample is derived
from any of the group selected from industrial cooling
waters, drinking waters, and natural waters, com-
prising:

(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 microorganisms are of the species Le-
gionella pneumophila, and in which the repair com-
pound directly or indirectly causes an effect on the
metabolism to reduce oxidative stress of the micro-
organism,

in which the repair compound comprises glutamic
acid (or salt thereof) and pyruvic acid (or salt thereof),
wherein the pyruvic acid is present in a growth me-
dium at a concentration between 0.01 and 1% by

15

20

25

30

35

40

45

50

55

weight calculated as the sodium salt, and the amount
of glutamic acid is between 0.01 and 5% by weight
calculated as the sodium salt, and in which the
growth medium is buffered charcoal yeast extract
(BCYE) agar growth medium or glycine, vancomy-
cine, polymyxine B, cycloheximide (GVPC) growth
medium.

Patentanspriiche

Verfahren zum Nachweisen und Zahlen lebensfahi-
ger Mikroorganismen in einer Probe, von der vermu-
tetwird, dass siedie Mikroorganismen enthalt, wobei
die Probe aus einem aus der Gruppe ausgewahlt
aus industriellem Kihlwasser, Trinkwasser und na-
turlichen Gewassern abgeleitet ist, durch

(1) Inkontaktbringen der Mikroorganismen der
Probe mit wenigstens einer Reparaturverbin-
dung und einem Wachstumsmedium und

(2) Inkubieren des Produkts aus Schritt (1) und
(3) Nachweisen und Quantifizieren der lebens-
fahigen Mikroorganismen,

wobei die Mikroorganismen zu der Spezies Legio-
nella pneumophila gehéren und wobei die Repara-
turverbindung direkt oder indirekt eine Wirkung auf
den Stoffwechsel verursacht, um den oxidativen
Stress des Mikroorganismus zu verringern,

wobei die Reparaturverbindung Glutaminsaure
(oder ein Salz davon) und Pyruvinsaure (oder ein
Salz davon) umfasst,

wobei Schritt (1) umfasst:

(A) Inkontaktbringen der Probe mit einem Re-
paraturmedium, vorzugsweise einem nichtse-
lektiven Reparaturmedium, das die Reparatur-
verbindung enthalt, und dann Inkontaktbringen
davon mit dem Wachstumsmedium; oder

(B) Inkontaktbringen der Probe mit dem Wachs-
tumsmedium, das die Reparaturverbindung ent-
halt,

wobei die Pyruvinsaure in dem Medium mit einer
Konzentration zwischen 0,01 und 1 Gew.-%, berech-
net als das Natriumsalz, enthalten ist und die Menge
an Glutaminsaure zwischen 0,01 und 5 Gew.-%, be-
rechnet als das Natriumsalz, betragt und wobei das
Wachstumsmedium gepuffertes Aktivkohle-Hefeex-
trakt(BCYE)-Agar-Wachstumsmedium oder Glycin-
Vanomycin-Polymyxin B-Cycloheximid(GV-
PC)-Wachstumsmedium ist.

Kit zum genaueren Nachweisen und Zahlen lebens-
fahiger Mikroorganismen der Spezies Legionella
pneumophila in einer Probe, von der vermutet wird,
dass sie die Mikroorganismen enthalt, wobeidie Pro-
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be aus einem aus der Gruppe ausgewahlt aus in-
dustriellem Kilhlwasser, Trinkwasser und natrli-
chen Gewassern abgeleitet ist, umfassend:

(1) wenigstens eine Reparaturverbindung,

(2) ein Wachstumsmedium,

(3) eine Einrichtung zur Inkubation,

(4) eine Einrichtung zum Nachweisen und
Quantifizieren der Mikroorganismen,

wobei die Mikroorganismen zu der Spezies Legio-
nella pneumophila gehéren und wobei die Repara-
turverbindung direkt oder indirekt eine Wirkung auf
den Stoffwechsel verursacht, um den oxidativen
Stress des Mikroorganismus zu verringern,

wobei die Reparaturverbindung Glutaminsaure
(oder ein Salz davon) und Pyruvinsaure (oder ein
Salz davon) umfasst,

wobei die Pyruvinsaure in dem Wachstumsmedium
mit einer Konzentration zwischen 0,01 und 1 Gew.-
%, berechnet als das Natriumsalz, enthalten ist und
die Menge an Glutaminsaure zwischen 0,01 und 5
Gew.-%, berechnet als das Natriumsalz, betragt und
wobei das Wachstumsmedium gepuffertes Aktiv-
kohle-Hefeextrakt(BCYE)-Agar-Wachstumsmedi-
um oder Glycin-Vanomycin-Polymyxin B-Cyclohex-
imid(GVPC)-Wachstumsmedium ist.

Revendications

Méthode de détection et de numération de microor-
ganismes viables dans un échantillon suspecté de
contenir lesdits microorganismes, dans laquelle
I'échantillon estdérivéd’un élément quelconque par-
mi le groupe constitué par les eaux de refroidisse-
ment industrielles, les eaux de boisson et les eaux
naturelles, par

(1) la mise en contact desdits microorganismes
dudit échantillon avec au moins un composé de
réparation et un milieu de croissance, et

(2) lincubation du produit de I'étape (1), et

(3) la détection et la quantification desdits mi-
croorganismes viables,

ol les microorganismes appartiennent a I'espéce
Legionella pneumophila, et ol le composé de répa-
ration provoque directement ou indirectement un ef-
fet sur le métabolisme afin de réduire le stress oxy-
datif du microorganisme,

ol le composé de réparation comprend de I'acide
glutamique (ou un sel de celui-ci) et de 'acide pyru-
vique (ou un sel de celui-ci),

ou 'étape (1) comprend :

(A) la mise en contact dudit échantillon avec un
milieu de réparation, préférablement un milieu
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de réparation non sélectif, contenant ledit com-
posé de réparation, puis la mise en contact de
ceci avec le milieu de croissance ; ou

(B) la mise en contact dudit échantillon avec le
milieu de croissance contenant ledit composé
de réparation,

ol I'acide pyruvique est présentdans un milieu selon
une concentration comprise entre 0,01 et 1% en
poids, calculé comme sel de sodium, et la quantité
d’acide glutamique est comprise entre 0,01 et 5%
en poids, calculé comme sel de sodium, et ou le mi-
lieu de croissance est un milieu de croissance a I'ex-
trait de levure tamponné au charbon (BCYE) ou un
milieu de croissance a base de glycine, vancomyci-
ne, polymyxine B, cycloheximide (GVPC).

Kit destiné a une détection ainsi qu’'une numération
plus précises de microorganismes viables de I'es-
pece Legionella pneumophila dans un échantillon
suspecté de contenir lesdits microorganismes, dans
lequel 'échantillon est dérivé d’'un élément quelcon-
que parmile groupe constitué par les eaux de refroi-
dissement industrielles, les eaux de boisson et les
eaux naturelles, comprenant :

(1) au moins un composé de réparation,
(2) un milieu de croissance,
(3) un moyen d’incubation,

(4) un moyen de détection et de quantification
des microorganismes,

ol les microorganismes appartiennent a I'espéce
Legionella pneumophila, et ou le composé de répa-
ration provoque directement ou indirectement un ef-
fet sur le métabolisme afin de réduire le stress oxy-
datif du microorganisme,

ol le composé de réparation comprend de l'acide
glutamique (ou un sel de celui-ci) et de I'acide pyru-
vique (ou un sel de celui-ci),

ol I'acide pyruvigue est présent dans un milieu de
croissance selon une concentration comprise entre
0,01 et 1% en poids, calculé comme sel de sodium,
et la quantité d’acide glutamique est comprise entre
0,01 et 5% en poids, calculé comme sel de sodium,
et ol le milieu de croissance est un milieu de crois-
sance a l'extrait de levure tamponné au charbon
(BCYE) ou un milieu de croissance a base de glyci-
ne, vancomycine, polymyxine B, cycloheximide
(GVPQ).
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Figure 4
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1. Eljdrds slethépes mikroorganizomusek Kimutatasarn &5 ssdmunk meghatdvordsdra ogy
olyan mimdban, amely felidtelezhotden trtilmaras a2 smiitett mikroorganizmust, shol a ming
part hilidvizekbdl, tvivizek b8l vagy termdseeios vizekbdl szdrmazik, sezal jellamerve, hogy

{1} Srintkezdsbe hozzuk ax emlitett milocorgantzmusok emiftett mindidt lopalatb egy
helyredltitd vegyilettel éa tiptadagyd, &

(23 inkubdljuk ax {1} 3&3;3&8{‘3@1} kapott terndket, &

’

(31 kimutatiuk ¢ mennvisdgileg  meghativorank s emlitett  dletképes
mikroorgamizmusokat,

ahol a mikeosrpanizmusok g Legionellls peumaphile faihoz wrioenak, és ahol a
helyredllte vegyilet kbovetlent] vagy kbGevetve, a wikroorganizounst &8 oxidatly stresse
gadikkentdse dltal Ryt ki hotdsdt a mikroorganizowes snyagesera-folvamatdra, shol a helyeedliite
vegyilet glutaminsavat {vagy 3818t} &s proszdlsavat {vagy sGjat) tartalmas,

shol g (1) Ipds a kbvetkezdkol tartalmazza:

{A) érintherdshe hozaub ar emiilet! mintit egy helyrofliitG @plalaiial, elénySsen egy
newn szelekifv, helyrealiid taptalajial, amely tartahnares az enilitett helyredllitd vegeilatet,
maid ozt kéveiden @ Rapolt anvagot érintkerdsbe howsuk a tiptalajial; vagy

{8 énatkesdsbe hosak sz onlilett mimtat 2 helyredlite vepyiletetl tutalmand
taptalaial,

ahol g pirosetldsay a ndlrium sOlként ssdmolt 00T Wmee™ koncentricidban van
jelen o taptalaiban, mig & ghuamingey mennyisdge o ndbium séjaként szamolva 0,01-8
tmegh, & ahol a taptala] pullerolt aktiv szenes dlesurd extrakium (BOYE) agar taptala), vagy
ghiciny, vankomicin, polimixin B, cildobexinid (GVPO) tdpiala

3. Készlet Leglonelle prowmophile Bghoz fartoxd élethépes mikmoorganizmusek
pontosabb  kimutatisara & mennyiségl meghatdvordsokra cgy olyan minidban, amely
feltdielezhatden tartalmages az coditett mikvoorganizmusckat, ahol a minta ipart hidvizekbal,
tvovizekbbl vagy természetes vizekbdl szarmazik, amsly készlet a kévetkestket tartalnwzza;

{1} legalabb egy helvredllitd vegyillet,

{2} egy taptalyy,

(3) epy inkubdlasea alkalmas sevkiie,

() egy, a mikroorganizmusok kinnnatdsdra és mennyisdpl meghatdrozdsars alkalmas

aazkide,

S
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ahol a mikroorganizmusok ¢ Legionelly preusmaphile fogbor tartornak, s ahol a
helyreallite vegytilet kSavetlent] vagy kSavetve, a mikroorganiomust 89 oxidativ sivessz
csSkkentdse altal et ki hatdsdt a mikroorganizmus anyagosere-folyamaties, ahol & helvreailitg
vegyvillet ghitaminsaval (vagy sOiil) & plrosstitsavat {vagy sajat) tartalmag,

abol & piroszdideav a ndtrum sdjakdnt sedmolt 011 t8megds koncentracidban van
ieten a taptalajban, mig a ghutaminsay mennyisége a ndtvium sdjaként sudmolyva 0,013
Wimeghh, & ahol a taptaly) pufforol akify szenes dlesztd extrakitien (BCYE) agar téptalyj, vagy

glicin, vankomicin, polimixin B, siklohesinid (GVRQ) taptals).
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