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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Introdu

After the fir
Legionella p

2017(E)

ction

st recognized outbreak of Legionnaires’ disease in 1976, the isolated bacterium was named
neumophila. Legionellae are widely found in natural and artificial aquatic environments,

soils, composts and can cause legionellosis. Legionellae can grow intracellularly in protozoa like
Acanthamoeba castellanii, Hartmannella species or Naegleria species. At least 61 different Legionella
species have been described. In 26 of these species, some strains infecting humans have been reported.
Legionella pneumophila can be subtyped into at least 15 different serogroups; nine other species also
can be subtyped into at least two separate serogroups. Monitoring for legionellae is important for
h reasons to identify environmental sources which can pose a risk of legionellosis, such

public healt
as evaporat
equipment 9
validation o

Vi

8
uch as spa pools, dental units, air conditioning units, etc. Monitoring is also imporxtant for
f control measures and ongoing verification that controls remain effective.
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Water quality — Enumeration of Legionella

WARNING — Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with
its use. It is the responsibility of the user of this document to establish appropriate safety and
health practices and to ensure compliance with any national regulatory conditions.

IMPORTANT — It is absolutely essential that tests conducted in accordance with this document

be carried out by suitably qualified and competent staff.

1

Thisdocument specifies culture methods for the isolation of Legionella and estimation of th
in water samples.

These methods are applicable to all kinds of water samples includingZpotable, industria
natufal waters. These methods can be used for water related matrices, e.g. biofilms, sedim¢

Not

recoyer all species of Legionella.

2
The

constitutes requirements of this document. For-dated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO
ISO

[SO §199, Water quality — General guidance on the enumeration of micro-organisms by cultui

ISO

perfdrmance testing of culture media

ISO

3

For the:purposes of this document, the following terms and definitions apply.

$cope

1l Legionella species are culturable; therefore, the methods described in this docui

Normative references

following documents are referred to in the text in such a way that some or all of t

34696, Water for analytical laboratoryuse — Specification and test methods

~}

704, Water quality — Evaluation of membrane filters used for microbiological analyses

11133, Microbiology(of food, animal feed and water — Preparation, production,

19458, Water quality — Sampling for microbiological analysis

L

[erms-and definitions

eir numbers

, waste and
ents, etc.

ment do not

heir content
applies. For
hts) applies.

e

storage and

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

3.1

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.or

Legionella
genus of microorganisms normally capable of growth on buffered charcoal yeast extract (BCYE) agar
containing L-cysteine and iron(III) salts

Note 1 to entry: For a more detailed description of Legionella species, see Annex A.

© IS0 2017 - All rights reserved
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4 Principle

4.1 General

Legionellae in the water sample are concentrated by membrane filtration, diluted or directly plated
depending on the origin/characteristics of the sample. The desired level of detection can vary depending
on (inter)national legislation and the reason for sampling or investigation. Samples expected to contain
high numbers of legionellae, such as those obtained during outbreak investigations, can be processed
with and/or without the concentration steps. To reduce the growth of the concentrated non-target

bacteria, which can interfere with the recovery of the target legionellae, portions of the water samples
are also subjected to heat treatment acid treatment or a combination of both treatments

Dilution is phecessary when high concentrations of Legionella and/or other bacteria are-expelcted.
Separate portions of the diluted sample should be pre-treated; one with heat and a second with acid
solution or, fin case of extremely contaminated samples, with a combination of acid solution and| heat
before culturing on selective media.

Treated and/or untreated portions of the sample are transferred onto plates, ef the chosen cullture
medium sel¢ctive for Legionella and incubated.

NOTE MEgchanical treatment of the sample can enhance the recovery of Legionelia.

4.2 Exanlination

After incubation, morphologically characteristic colonies on théselective culture media are regqrded
as presumptive Legionella.

4.3 Confirmation

Presumptive colonies are confirmed as Legionella by subculture to demonstrate their grpwth
requirement for L-cysteine and iron(III).

NOTE If|species and serotype identification dre requested, further tests are needed (see Annex G). These
tests are not part of the standardized methods described in this document.

5 Apparptus and glassware
Usual laboratory equipment,ahdin particular:

5.1 Sterile Petri dishes:

5.2 Incubgator,capable of being maintained at (36 + 2) °C.

5.3 Ultra 'inlptlamp emitting Iigh'r nquvplpngfh (260 + 7()) nm

5.4 Membrane filtration equipment, suitable for filtering water volumes of 10 ml up to 1 000 ml.
5.5 Membrane filter.

5.5.1 Membrane filter for concentration and elution, polycarbonate or polyethersulfone membrane
filters, diameter 47 mm to 142 mm with rated pore sizes of 0,2 um; see Reference [6]. These types of
membrane filters are used for concentration followed by a washing procedure.

5.5.2 Membrane filter for direct placing on culture media, membrane filters from cellulose nitrate
or mixed cellulose esters, diameter 47 mm to 50 mm with rated pore sizes of 0,2 um or 0,45 pm. These

2 © IS0 2017 - All rights reserved
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types of membrane filters are used for direct placing onto the culture media after filtration. Filters shall
be evaluated prior to use in accordance with ISO 7704.

NOTE

Black membrane filters contrast better with the white Legionella colonies than 1

membrane filters.

5.6

5.7

5.8
is be

5.9

5.10

5.11
illum

NOTH

5.12

NOTH

5.13
the |
the s
the c

6

Use

state
Annd
subs

comply with the fequirements of ISO 3696, grade 3.

Alter]
the ny

pH meter, with an accuracy of + 0,1 at 20 °C to 25 °C.

Vortex mixer.

ow the level of water in éhe water bath.
Water bath, capable of being maintained at (50 * 1) °C.
Glassware, sterilized according to ISO 8199.

Dissection microscope, stereoscopic, with magnification of at least 4x and with obli
ination.

Also, a hand lens (magnification at least 4x) can be used.

Disinfected forceps, for handling of membrane filters.

Forceps with round ends are generally used in:@rder not to damage the membrane durin

Screw cap sterile container, with or without sterile glass beads. To ensure maximur
bgionellae from the membrane filter, sterile glass beads (diameter 2 mm to 3 mm) can
ferile container. Add sufficient glass beads to the sterile container just enough to cover t
pntainer.

Culture media and reagents

themicals of analytical grade in the preparation of culture media and reagents unleg
d (see the Note). Prepare the culture media and reagents according to the instructi
xes B, C and D. Piepare culture media using distilled or demineralized water, which
Fances that might affect growth of microorganisms under the test conditions. The

natively,,use commercially available culture media and reagents prepared and used
hanufacturer’s instructions.

ight-coloured

embrane filter

Hue incident

g handling.

h removal of
be added to
he bottom of

s otherwise
bns given in
is free from
water shall

hccording to

NOTH

Chemicals of other grades can be used, providing they are shown to be of equal performan

ceinthe test.

6.1

Culture media.

See Annex B.

6.1.1 Buffered charcoal yeast extract (BCYE) agar.

See B.1.
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6.1.2 Buffered charcoal yeast extract agar without L-cysteine (BCYE-cys).
See B.2.

NOTE Blood agar (see B.6), nutrient agar (see B.7) or tryptone soy agar (see B.8) can be used instead of
BCYE-cys agar.

6.1.3 Buffered charcoal yeast extract agar with selective supplements (BCYE+AB).

See B.3.

6.1.4 Glydine vancomycin polymyxin B cycloheximide agar.

See B.4.

6.1.5 Modified Wadowsky Yee (MWY) agar.
See B.5.

6.2 Diluents.

See Annex Q.

6.2.1 Page’s saline.
See C.1.

6.2.2 Diluted Ringer’s solution.

See C.2.

6.3 Acid dolution.

See Annex D).

7 Sampling

Carry out sgmpling, transportand storage of the samples in accordance with ISO 19458. Take carg not
to expose the samples to adverse temperature conditions (e.g. freezing or overheating).

NOTE The use of insulated containers is helpful in this regard.

8 ProceTlure

8.1 Samples

Due to the complex nature of different sample matrices, the laboratory shall determine the appropriate
method for each sample type. The decision matrix is provided in Annex ] to determine which appropriate
method shall be undertaken. Annex ] describes the requirements and provides additional options.

In order to ensure the detection of legionellae from water samples, a concentration technique by
membrane filtration (see 8.2.2 or 8.2.3) will be required in most cases. Where the concentration of
legionellae is expected to be greater than 104 colony forming units per litre (cfu/l), direct plating of
the unconcentrated sample can also be carried out. For highly contaminated samples, dilute (refer
to Annex C for suitable diluents) and use direct plating before and after the pre-treatment (see 8.3).
Record volumes of sample diluted or processed and which pre-treatment(s) has (have) been applied.

4 © IS0 2017 - All rights reserved
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When the number of legionellae in any given sample is not known, concentration techniques are usually
performed. Therefore, follow the procedure described in 8.2.2 or 8.2.3.

8.2

Concentration of water samples

8.2.1 General

For a general description of the membrane filtration technique, see ISO 8199. Filtration can be done by
vacuum filtration or positive pressure filtration.

The

flow rate should be adjusted so as not to exceed the maximum specified by the many

facturer for

the f

NOTH

8.2.2

Filte
throt
also

the 1
shall
(5.17
unde

NOTH
concg

8.2.3

Filte

voluijne filtered depends on the particulate content of the water or the desired detectio

filten
disin|

(right-side down) in a screw cap-sterile container with or without sterile glass beads (5.13).

micr
and

(5.13
optir
is be

This
filten

Divid

Iter size or type.

The procedure for water related matrices (swabs, sediment, etc.) is described in Annex [

Membrane filtration and direct placing of the membrane filter on culture med

" the water sample (without treatment, after acid treatment and, if required, after hea
igh a cellulose nitrate or mixed cellulose esters membrane filter{5:5.2). The acid tr
be done directly on the membrane filter in the funnel (see 8.3.2). The volume filtered
articulate content of the water or the desired detection level“The filtered volume o
be recorded. Carefully remove the membrane filter fremthe stand with disinfeq
) and place it (right-side up) directly on the culture media,"ensuring that no air bubb]
rneath.

Where concentration by filtration is not possible (€.g. due to a high level of deposit), the s
ntrated by centrifugation (see Annex F).

Membrane filtration followed by a washing procedure

~ the water sample through a polycarbonate or polyethersulfone membrane filter

ed volume of the sample shall'bé recorded. Remove the membrane filter from the

borganisms from the mémbrane filter, add 5 ml to 10 ml of sterile diluent (see Annex (

el

[ treatment)
batment can
depends on
F the sample
ted forceps
e is trapped

ample can be

(5.5.1). The
n level. The
stand with

fected forceps (5.12). Work carefully to avoid loss of residual deposit. Place the menpbrane filter

To wash the
) or sample,

thake vigorously using a vortex mixer (5.7) for at least 2 min. Alternatively, place the container

) in an ultrasonic‘water bath (5.8) for a time interval that has been verified to de
hum time intervabfor maximum recovery. Ensure that the level of diluent covering th
ow the levelefwater in the ultrasonic water bath.

concentrate represents the prepared sample. Record the volume of the concentrate
s may be'cut into pieces using sterile scissors to aid elution.

heat

NOTE 1

termine the
b membrane

. Membrane

htment with

le'the concentrate into three portions. Use one portion untreated, one portion for tre

20

Q2 1 pa | L £, 4 4 4 341 LA | 1.4 L o
STT O.0.1) dIIU ULIT PpUTLIVUIT TUT TI'TAUIITITT WILIT dUTU SUTULIUIT (SCT 0. 0.4 .

membrane filter (see Annex E).

NOTE 2

concentrated by centrifugation (see Annex F).

NOTE 3

filter

© ISO

in the funnel.
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An additional membrane filtration can be used for the acid pre-treatment directly on the membrane
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8.3 Sample pre-treatment

8.3.1 Heat treatment

Add the sample (concentrated or unconcentrated) to a sterile container and place it in a water bath
(5.9) at (50 £ 1) °C for (30 £ 2) min. Small volumes (< 5 ml) should be used to ensure a short period until
the desired temperature is reached. If many samples are treated together or large sample volumes are
treated or thick-walled containers are used, monitor the temperature in a separate container similar
to that used for the sample. The time starts when the required temperature is reached. Large sample
volumes or thick-walled containers should be cooled to avoid overheating after being removed from the
water bath.

8.3.2 Acid treatment

Dilute one yolume of the sample (concentrated or unconcentrated) with nine volumes of the|acid
solution (se¢ Annex D), mix well and leave it for (5,0 + 0,5) min. If the diluted acid treated sample isjused
for the calcylation of the final concentration of Legionella species in the sample, the dilution shoulld be
factored. VoJumes greater than 0,1 ml can be plated to decrease the limit of detection.

0 ml
acid
It is
h the

Acid treatmient can also be done directly on the membrane filter in the funnel. Transfer around 3
acid solution (see Annex D) onto the membrane filter. Leave it for (5 £.0,5) min and remove the
solution by filtration. Wash the membrane filter with at least 20 ml ef\the diluent (see Annex C)
important that the diluent does not rinse the surface of the funnel that Had not been in contact wit
acid solution.

8.4 Culture

8.4.1 General

The choice| of the method used for the enumeration of Legionella species depends on| the

origin/char{
be made abd
of the samp
for choosing

Depending
culture med

8.4.2 Sanj
interfering

Plate the s
spread 0,1
(see B.3). Re

icteristics of the sample and the reason of sampling or investigation. An assumption
ut the expected concentration of interfering microorganisms based on experience or o
e. Also, the desired lower limit of detection level needs to be considered. A decision m|
an appropriate method is-described in detail in Annex J.

bn the desired detection/level, it is possible to use more than one plate of the diff
ia mentioned in the-fellowing subclauses.

iples with a high concentration of Legionella species and a low concentration of
microorganisms

mple directly if the number of Legionella is expected to exceed 104 cfu/l. Inoculate
1 to 0,5 ml of the sample on one plate of BCYE agar (see B.1) and one plate of BCYE+AB
cord'the inoculated volume.

shall
rigin
atrix

Prent

and
agar

8.4.3 Samples with a low concentration of Legionella species and a low concentration of

interfering

microorganisms

8.4.3.1 Direct placing of membrane filter on culture media after membrane filtration

Filter the sample (see 8.2.2) and place the untreated membrane filter directly on one plate of BCYE agar
(see B.1). The membrane filters treated with acid solution according to 8.3.2 are placed on one or more
of the selective or highly selective plates of BCYE+AB agar (see B.3) or GVPC agar (see B.4) or MWY agar
(see B.5).
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8.4.3.2 Plating after membrane filtration with washing procedure

Inoculate and spread 0,1 ml to 0,5 ml of each concentrated portion of the sample (untreated, heat
treated and acid treated) from the membrane filtration with washing procedure (see 8.2.3) on one plate
of BCYE agar (see B.1) and on one or more of the selective or highly selective plates of BCYE+AB agar
(see B.3) or GVPC agar (see B.4) or MWY agar (see B.5). Record the inoculated volume.

8.4.4 Samples with a high concentration of interfering microorganisms

Culture samples with a high concentration of interfering microorganisms unconcentrated (direct),
concentrated (see 8.2) or diluted (1:10). Divide each subsample into three portions. Use one portion
untreated, the second portion for treatment with heat (see 8.3.1) and the third portiompfqr treatment
with|acid solution (see 8.3.2). Inoculate and spread 0,1 ml to 0,5 ml of each portion offthe[subsamples
on one plate of GVPC agar (see B.4) or one plate of MWY agar (see B.5). Record the inoculated volume.

8.4.3 Samples with an extremely high concentration of interfering micreorganisms

Cultyre samples with an extremely high concentration of interfering mieroorganisms uncpncentrated

and ¢
treaf]
impd
Prep
Mix
a lay]
disag
GVP

8.4.6

Alloy
platd
the p

NOTH

incul
incuh

8.4.7

Insp

the incubatiomperiod. This is to identify samples where overgrowth has occurred. The final

resu
see T
is alg

liluted (1:10 and 1:100) after a pre-treatment with a combination ofheat and acid. For t}
ment first, the heat treatment (see 8.3.1) is done followed by the‘acid treatment (se¢

are dilutions directly after the acid treatment in sterile diluent (see Annex C).

vell by shaking, using a vortex mixer (5.7) or an ultrasonic water bath (5.8). If ne
er (just enough to cover the bottom of the container) of sterile glass beads to the sg
roregation of the material. Inoculate and spread, 071 ml to 0,5 ml of each portion on
[ agar (see B.4) or one plate of MWY agar (see B.S). Record the inoculated volume.

Incubation

v the inoculated plates to stand until the inoculated volume has been absorbed, the]
s and incubate at (36 % 2) °C for Z:d-to 10 d. Create a humid atmosphere to prevent d
lates, for example, by placing in ‘an enclosed container.

Validation data using artificially spiked samples have demonstrated no difference in co

ation for 7 d and 10 d. Natural samples containing wild strains of Legionella can, however, re
ation period of 10 d to presént growth.

ExaminationCef the plates
ect the platesdor the first time either on day 2, 3, 4 or 5 followed by a final inspection

t is notavailable until the end of the incubation period. For the range of quantitative def
able H.1. As Legionella grows slowly and can be masked by the growth of other microd

he combined
 8.3.2). It is

rtant to cool the heat-treated sample to room temperature before the acid treatmlent is done.

ressary, add
imple to aid
one plate of

n invert the
bsiccation of

ints between
quire the full

ht the end of
quantitative
ermination,
rganisms, it

orecommended to use the dissection microscope with oblique incident illumination (5

.11). Record

the

UMber of each type of presumptive Leglonetia cotony present.

In case of outbreak investigations, it is advisable for samples expected to have a high concentration of
interfering microorganisms to check the plates on day 2 to determine if dilutions are needed. Be aware
of the potentially negative impact of the conservation of the concentrate or sample for a period of two
additional days.

Colonies of Legionella are white-grey in general but can also appear in other colours. They are smooth
with an entire edge and exhibit a characteristic ground-glass appearance. Under an ultraviolet lamp
(5.3), colonies of several species (L. anisa, L. bozemanii, L. cherrii, L. dumoffii, L. gormanii, L. gratiana,
L. parisiensis, L. steigerwaltii and L. tucsonensis) autofluoresce brilliant white; L. erythra and L. rubrilucens
appear red. Colonies of L. pneumophila appear dull green often tinged with yellow. The colour of
fluorescence can help to differentiate colonies in samples containing different species of Legionella. To
avoid the possibility that Legionella cells could be killed or damaged so that they are not recoverable,
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plates should not be exposed to ultraviolet light for a longer time than is necessary. It should be noted
that new species of Legionella might possess characteristics different to those described above.

8.5 Confirmation of presumptive Legionella colonies on culture media: BCYE agar and
BCYE-cys agar

Subculture from the plate(s) showing the highest counts of presumptive colonies of Legionella
(see 8.4.7) per water volume. When there is only one colony type, pick three presumptive colonies. If
more morphological different types of presumptive colonies of Legionella are growing on the plate, take
at least one colony from each type. Subculture onto a plate of BCYE agar (see B.1) and a plate of BCYE-

cys agar (see B.2 or alternative media as described in the Note in 6.1.2). Be careful not to carry

over

any cultur

e
agar. Incubat‘?e at (36 = 2)°Cfor 2dto5d. Regard as Legionella those colonies which grow on thepl:

BCYE agar (
plate. If the

Legionella clonies from another type of plate (culture media or sample treatments).

L. oakridgen
grow weakl
made of the

NOTE
suitability of

For special
morphology
If identifica
report, all ty
reported.

9 Expre;{

To estimate
plate or set
colonies pe
methods, tr

Calculate th|
below) perl

Direct g

Membr4

Alternative procedures can be used to confirm the isolate as-Fegionella species providin

edia with the colony and first inoculate a plate of BCYE-cys agar and then a plate of |

See B.1) but fail to grow on the plate of BCYE-cys agar (see B.2). Record the results for
nitial subcultures do not confirm as Legionella, analyse further subcultures-of presum

sis and L. spiritensis require L-cysteine and iron(III) for primary isolation but somet
 in the absence of added L-cysteine thereafter. Accordingly, careful’eomparison needs
differences in growth between supplemented and unsupplemernted culture media.

the alternative procedure is verified.

situations like outbreak investigations, at least five*presumptive colonies if only
is present, or two presumptive colonies for each#ype of morphology shall be confir
fion of the Legionella colonies is to be carried eut (see Annex G) and included on thg
pical morphologies present on any of the platesishould be confirmed and the identifica

s5sion of results

the number of colony forming untits of Legionella in the original water sample, selec
of plates (from the same culture medium) showing the maximum number of confi
water volume. Take the(djlution into account. Do not average the counts from diff
patments or culture medid, as these are not replicates.

tre, in accordane®with ISO 8199, as follows.

|4

lating: % 4 s

tot

V.

S

BCYE
\te of
each
ptive

imes
to be

o the

one
med.
test

kions

t the
‘med
brent

e number of Legionella colony forming units in the original sample (see examples slhown

Ine filter on plate: C, = VL X

Filtration with washing procedure (indirect filtration): €, =

Plating after dilution: C_ =

or

a><VC

— XV
VXV,

S

a><VS

X Df
Vai
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where

Cs is the number of Legionella in cfu/l;

a is the number of calculated confirmed Legionella colonies

fraction positive confirmed
a= X total count

fraction total confirmed

V.  isthe (concentrated) sample volume in millilitres, ml;

e Sampiec volume fnocuiated per piate or set of piate [OTT tNE Same CUItUre §
millilitres, ml;

Itot is the total tested sample volume in millilitres, ml;

1:2017(E)

edium) in

s isthe reference volume chosen to express the concentration of the microorganisnps in the

sample (normally 1 000 ml);

dil is the diluted sample volume inoculated per plate or set of plates (from the same ¢
dium) in millilitres, ml;

Pf  is the dilution factor.

ulture me-

The purpose of this document is to demonstrate the numberof confirmed Legionella in a safple. Report

the donfirmed number of Legionella colony forming unitsin accordance with ISO 8199. Re

as

procedure used (see Table ].1).

10 Test report

The test report shall contain at least the following information:

a)

b)

ort absence

ot detected” in the volume examined and indicatéthe detection limit calculated accarding to the

the test method used (in conjunction with Annex J), together with a reference to thi
i.e. 1ISO 11731;

EXAMPLE Further specification, in conjunction with Annex ], can be done
[Matrix A; Procedure 8(9)10; Medium A and Medium C — GVPC].

a1l details necessary for complete identification of the sample, such as the sample site W
identifier, so that, if necessary, a repeat sample can be taken from the exact location
point [e.g. building location (address and postcode), floor and room number, exact locat
(wash hafd'basin in room)], the sampling technique, the nature of the sample, the k
Jystemor plant, the temperature and the biocide concentration;

the-date and time of collection of the sample, the date of receipt of the sample, and star

5 document,

as follows:

ith a unique
and sample
ion of outlet
nd of water

t and end of

C CXd dLIOIl, dI1y pPd l-. U C C ODServed au : d DOI'L, .-:‘-
of analysis which might have influenced the result (e.g. particulates in the sample);

the maximum volume used in the analysis;

the results expressed in accordance with Clause 9.

© IS0 2017 - All rights reserved
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11 Quality assurance

11.1 Gene

ral

The laboratory shall have a clearly defined quality control system to ensure that the apparatus, reagents
and techniques are suitable for the test. The use of positive controls, negative controls and blanks is

partofthet

est.

11.2 Performance testing of Legionella culture media

For the defipit

different Le,
[SO 11133.
BCYE agar (

media as d¢g
L. pneumopH

In 6 o &SP 6 v B 6

gionella culture media shall be tested according to the methods and criteria des¢rib
Preparation of the working cultures and test suspensions is described in 11.3. Forplat
see B.1), only productivity can be tested. For plates of BCYE-cys agar (see B.2 or altern|
scribed in the Note of 6.1.2), only test for its inability to support growth @vith one g
ila strains is mentioned in Table 1.

11.3 Preparing working culture and test suspension for performanee testing

Working cu
Reconstitut

(see B.1) for

[tures shall be prepared from a reference stock or stock cultitre of a Legionella st
e and recover as recommended, and subculture onto one_or several plates of BCYE
purity. After incubation, make a suspension in sterile glycerol broth (see G.2.4) fron

resulting growth so that it is just visible to the naked eye. Dispense in 1 ml volumes for stora
(<20 £5) °C
Alternativelly, use Page’s saline (see C.1) or distilled watér"for storage at (=70 = 10) °C or

appropriate
out one sus
recording o

at room ten
dilute to ach

accordance

10

freezing culture media and store at (-20 +:5) °C or (=70 + 10) °C as appropriate.
pension of each isolate onto Legionella cultire medium for subsequent identificatior
[ the Legionella species. For use, allow a-working culture of one (or more) isolates to
perature. Shake thoroughly, wait 5 minto 10 min to allow aerosols to settle. If neceg

with ISO 11133.

e9f the

ed in
es of
ative
f the

rain.
agar
h the
pe at

ther
Plate
and
thaw
sary,

ieve a test suspension with the desired number of microorganisms in a specified voluine in
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Table 1 — Control strains and performance criteria

IS0 11731:2017(E)

Culture | Function Incuba- Control WDCM Refer- | Method of | Criteria | Character-
media tion strains |numbers| ence control istic
a media reactions
BCYE-cys |Confirma- |2dto5d/ |Legionella 00107b |BCYE Qualitative |No
agar, tion (36 = 2) °C |pneumophila agar growth
. 00180
nutrient
agar,
blood agar,
tryptone
SOy ggar
GVPL Productivity |2dto5d/ |Legionella 00107b |BCYE Quantita- |Pr=0,5," \White-grey-
agar, (36 = 2) °C |pneumophila 00180 agar tive blue-purple
BCYE+AB cplonies with
agar, 5dto Legionella 00106 aj entire
MWY agar 10d/ anisa edge and
(36 £2)°C ekhibiting a
characteristic
ground-glass
appearance
Selectivity |3d/ Enterococcus|00009 or |— Qualitative | Total -
(36 £ 2) °C |faecalisc 00087 inhibition
Escherichia |00012 or |— Qualitative | Total or |+
colic 00013 partial
inhibition
(0 to 1)d
BCYE agar|Productivity [2dto 5d/ |Legionella |00107b |Media Quantita- |Pr20,7 |White-grey-
(36 = 2) °C |pneumophila batch tive blue-purple
BCYE cplonies with
agar an entire
already edge and
validated ekhibiting a

characteristic
ground-glass
appearance

colle

(WD

b dtrains to be used as anminimum.

d  “0” means “ng'growth” and “1” means “weak growth”.

a  Make reference to the refefence strain catalogue available on http://www.wfcc.info for informati
ftion strain numbers andcentact details.

¢ Atleast one strainwofEnterocoocus faecalis (WDCM 00009 or WDCM 00087) and at least one strain of Efscherichia coli
CM 00012 or WDCM 00013) have to be used.

n on culture

© IS0 2017 - All rights reserved
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ISO 11731:

The genus
Coxiellaceae

Legionella, K

used or accq

Legionellae
carbohydrat
ranging frof

The amino 3
and clinical
primary iso
is required

environmental sources. Iron(Ill), L-cysteine, a-ketoglutarate, and ,eharcoal-containing yeast ex

2017(E)

Annex A
(informative)

Legionella species

Legionella belongs to the taxonomic order Legionellales, which includes the families
and Legionellaceae. Three different genera have been proposed for the Legionellaceae:
luoribacter, and Tatlockia. However, the latter two generic names have never beenjwlidely
pted, and the single genus Legionella is almost universally used to describe all species

than
ures

ire small Gram-negative bacilli with fastidious growth requirements. Proteings rather
es are used as an energy source. Legionellae are obligate aerobes and growjabtempera
n 20 °C to 42 °C.

ental
) for
n(111)
and
tract

cid L-cysteine is required for the (initial) growth of Legionella species/from environm
sources. In addition, L. oakridgensis and L. spiritensis require L-cysteine and iron(II
ation but can grow weakly in the absence of added L-cysteine/thereafter. Soluble iroj
for optimal growth and for the initial isolation of the bacterium from both clinica

agar bufferd
isolation. C
BCYE agar,
to grow on

Atleast 61 d
humans havj
contain twd

L. pneumophi

of all cases
other Legion

generally leg
species oth¢

based on is
although se

absence of i$

When grow
compound t
species exh
of the comij
staining of

|

nical
nically important, Legionella species grow best at~35 °C in humidified air on plates of
sually in 2 d to 5 d after inoculation of plates. Of the Legionella species, L. lytica is nof able
CYE agar, but it can be cultivated using co-cultivation with amoeba.

d with an organic buffer (BCYE agar) is the preferred\growth culture medium for cli

ifferent Legionella species have been described. In 26 of these species, some strains infegting
e been reported. L. pneumophila contains atleast 15 different serogroups; nine other spgcies
different serogroups, with the remaining species containing only one serogroup pach.

blation from clinical material. Isolates of the other species are limited to water and
veral of them have-been implicated in human infection based on seroconversion i
olation.

soil,

often much

by using molecular technlques is the deflnltlve method espec1ally for the less common stralns

12
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Table A.1 — Legionella species associated with disease

L. anisa L. erythra L. longbeachae L. pneumophila

L. birminghamensis |L. feeleii L. lytica L. sainthelensi

L. bozemanii L. gormanii L. maceachernii L. steelei

L. cardiaca L. hackeliae L. micdadei L. tusconensis

L. cincinnatiensis L. jordanis L. nagasakiensis L. wadsworthii

L. clemensonensis L. lansingensis L. oakridgensis

L. dumoffii L. londiniensis L. parisiensis

NAOTL L Al L Le O L. At tad lo 1 Lo i LPROCRN L

INU T L TN AdUUILIVULL, L. WUILTT ST TIdS ULTUTITUtituiicyu U_y lJUly HICT dST UITdIITr T CdadUt tIivIl Ll \.al\) ITUIIT Aa
clinical sample.
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Annex B
(normative)

Culture media

B.1 Buffered charcoal yeast extract (BCYE) agar

B.1.1 Coranosition

Yeast extradt (bacteriological grade) 16,0°g
Agar 12,0g
Activated charcoal 20g
a-ketoglutarate, monopotassium salt (CAS No. 58485<42-0) 10g

ACES buffer|(N-2-acetamido-2-aminoethanesulfonic acid) (CAS No.#7365-82-4) 100 g

Potassium hydroxide (KOH) (pellets) (CAStNo. 1310-58-3) 2,8g
L-cysteine hydrochloride monohydrate (CAS No. 7048-04-6) 04g
Iron(III) pytophosphate [Fe4(P207)3] (CAS No.10058-44-3) 0,25¢g
Water (see (lause 6) to 1000 ml

Check manyfacturer’s recommendations for:concentration of agar to be added to provide adequate
gelling strength. All the water used for the preéparation of culture media and supplements shall comply
with the requirements of ISO 3696, gradé.3 (see Clause 6).

B.1.2 Preparation
a) Cysteine and iron(III) solutions

Prepare frefh solutions of\L-cysteine hydrochloride and iron(Ill) pyrophosphate by adding 0,4 g and
0,25 g, respectively, to.10 ml volumes of water. Sterilize each solution by filtration through a sterile
membrane filter with an average pore size of 0,2 um or lower pore size rating. Store in clean sterile
containers gt (-20%-3) °C for not more than 3 months.

b) ACES buffer

Add the ACES granules to 500 ml of water and dissolve by standing in a water bath at 45 °C to 50 °C. To a
separate 480 ml of water, add all the potassium hydroxide pellets and dissolve with gentle shaking. To
prepare the ACES buffer, mix the two solutions.

c) Final culture medium
Add sequentially to the 980 ml of ACES buffer the charcoal, yeast extract and a-ketoglutarate.
NOTE ACES buffer can cause denaturation of the yeast extract if the described sequence is not followed.

Prepare a 0,1 mol/1 solution of potassium hydroxide (KOH) by dissolving 5,6 g in 1 1 of water. Prepare
a 0,1 mol/I solution of sulfuric acid (H2S04) by carefully adding 5,5 ml of H2SO4 (95 % to 98 %) to 11
of water. Use the solutions of 0,1 mol/l potassium hydroxide or 0,1 mol/l sulfuric acid as appropriate

14 © IS0 2017 - All rights reserved
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to adjust the pH to 6,8 + 0,2. Add the agar, mix and autoclave at (121 * 3) °C for (15 * 1) min. After
autoclaving, allow to cool to (48 + 3) °C in a water bath.

Add the L-cysteine and the iron(III) pyrophosphate solutions aseptically, mixing well between additions.

Dispense in 20 ml volumes into Petri dishes of 90 mm to 100 mm diameter. The pH of the final culture
medium is 6,8 + 0,2 at 25 °C. Allow excess moisture on the plates to dry and store at (5 # 3) °C in airtight
containers in the dark for up to 3 months.

B.2 Buffered charcoal yeast extract agar without L-cysteine (BCYE-cys)

Preppre this culture medium in an identical manner to BCYE agar (see B.1) but omit the k-dysteine.
Alloy excess moisture on the plates to dry and store at (5 * 3) °C in airtight containers in|the dark for

up tq 3 months.

B.3 | Selective culture medium: Buffered charcoal yeast extract agar with|selective
supplements (BCYE+AB)

B.3.1 Selective supplements

The final concentrations of the selective supplements in BCYE#AB agar shall be the following:

Polymyxin B sulfate (CAS No. 1405-20-5) 80 000 1U/1
Sodiyim cefazolin (CAS No. 27164-46-1) 0,009 g/1
Pimgricin (syn Natamycin) (CAS No. 7681-93-8) 0,07 g/1

NOTH This culture medium is identical to BEYE agar (see B.1) except that three antibiotic supplements are
addedl to the BCYE agar.

B.3.2 Preparation of antibiotic supplements

Add the appropriate amount.of polymyxin B sulfate to 100 ml of water to achieve a congentration of
14 545 1U/ml. Sterilize the solution by filtration through a sterile membrane filter with an gverage pore
size pf 0,2 pm or lower, pore size rating. Dispense in 5,5 ml volumes into sterile containefs and store
at (=20 = 3) °C for notaore than 3 months. For use, thaw at room temperature.

Add 180 mg of sodium cefazolin to 20 ml of water and sterilize the solution by filtration through a
sterile membrane-filter with an average pore size of 0,2 pm or lower pore size rating. Dispense in 1 ml
volumes into.sterile containers and store at (-20 + 3) °C for not more than 3 months. For use, thaw at
roonj temperature.

Add |1,75 g of pimaricin to 100 ml of water and sterilize the solution by filtration throygh a sterile
membrane filter with an average pore size of 0,2 pm or lower pore size rating. Dispense in 4 ml volumes
into sterile containers and store at (-20 * 3) °C for not more than 3 months. For use, thaw at room
temperature.

B.3.3 Preparation of BCYE+AB agar

After the addition of the L-cysteine and iron(Ill) pyrophosphate solutions, add one volume of each of
the above three antibiotic supplements (see B.3.2) to the final culture medium. Mix well.

Dispense in 20 ml volumes into Petri dishes of 90 mm to 100 mm diameter. The pH of the final culture
medium is 6,8 + 0,2 at 25 °C. Allow excess moisture on the plates to dry and store at (5 * 3) °C in airtight
containers in the dark for up to 3 months.
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B.4 Highly selective culture medium: Glycine vancomycin polymyxin B
cycloheximide (GVPC) agar

B.4.1 Selective supplements

The final concentrations of selective supplements in the GVPC agar shall be the following:

Ammonium-

Polymyxin B sulfate

Vancomycin hydrochloride

Cycloheximide

NOTE
glycine are a

B.4.2 Pre

Add the apr
14 545 1U/m
size of 0,2 p
(<20 3)°C

free glycine (CAS No. 56-40-6) 3g/l
(CAS No. 1405-20-5) 80 000 1U/1
(CAS No. 1404-93-9) 0,001 g/1
(CAS No. 66-81-9) 0,08 gyl

This culture medium is identical to BCYE agar (see B.1) except that three antibioti¢‘'supplement

ded to the BCYE agar.

paration of antibiotic supplements

ropriate amount of polymyxin B sulfate to 100 ml of water te~achieve a concentrati
1. Sterilize the solution by filtration through a sterile membrane filter with an average
I or lower pore size rating. Dispense in 5,5 ml volumes into’sterile containers and stq
for not more than 3 months. For use, thaw at room temperature.

Add 20 mg of vancomycin hydrochloride to 20 ml of water and sterilize the solution by filtration thr

a sterile me}
volumes int
room temps

Add 2 g of ¢
membrane f]
into sterile

temperature.

WARNING
chemical in

B.4.3 Pre

Follow the iJ
after the ad

After the ad
the above th

mbrane filter with an average pore size of 0,2 un©rlower pore size rating. Dispense in
b sterile containers and store at (-20 + 3) °C_for not more than 3 months. For use, th{
rature.

ycloheximide to 100 ml of water and:sterilize the solution by filtration through a sf
ilter with an average pore size of 0,2°wm or lower pore size rating. Dispense in 4 ml volj
containers and store at (-20 + 3)\%C for not more than 3 months. For use, thaw at

h

— Cycloheximide is hepatotoxic. Wear gloves and dust mask when handling
powder form.

paration of GVPCagar

structions ferpreparation of BCYE agar given in B.1, but add 3 g of ammonium-free gl
lition of the,a-ketoglutarate and then adjust the pH to 6,8 + 0,2.

dition*ofthe L-cysteine and iron(IIl) pyrophosphate solutions, add one volume of ea|
reedaiitibiotic supplements (see B.4.2) to the final culture medium. Mix well.

s and

bn of
pore
re at

ough
1 ml
W at

erile
lmes
foom

this

ycine

ich of

Dispense in

o ¥ay 1 1 il Dodaa: 11 £ 0N & 100 s & Lanh} 11 £41 £3 1
U 1T VOIUILITS TIIU T TN T UISIITS U JUIIIIT U TUU THHIT UI4IIITLCT. T1IT PIT UL UIT THIdI LU

lture

medium is 6,8 + 0,2 at 25 °C. Allow excess moisture on the plates to dry and store at (5 * 3) °Cin airtight
containers in the dark for up to 4 weeks.
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B.5 Highly selective culture medium: Modified Wadowsky Yee (MWY) agar

B.5.1 Selective supplements

The final concentrations of selective supplements in the MWY agar shall be the following:

Ammonium-free glycine (CAS No. 56-40-6) 3g/l

Polymyxin B sulfate (CAS No. 1405-20-5) 50 000 1U/1
Vancomycin hydrochloride (CAS No. 1404-93-9) 0,001 g/1
Anispmycin (CAS No. 22862-76-6) 0,08 g/1
Bronpothymol blue (CAS No. 76-59-5) 0,01 /1
Bro:]:ocresol purple (CAS No. 115-40-2) 0,01 /1

NOTH This culture medium is identical to BCYE agar (see B.1) except that three antibiotic supglements, two

indicators and glycine are added to the BCYE agar.

B.5.2 Preparation of antibiotic supplements

Add the appropriate amount of polymyxin B sulfate to 100 il of water to achieve a condentration of
10 000 IU/ml. Sterilize the solution by filtration through a sterile membrane filter with an qverage pore
size pf 0,2 um or lower pore size rating. Dispense in 5 mkvolumes into sterile containers pnd store at
(=20} 3) °C for not more than 3 months. For use, thaw-at'room temperature.

Add 20 mg of vancomycin hydrochloride to 20 ml gfS¥ater and sterilize the solution by filtration through
a sterile membrane filter with an average pore.size of 0,2 um or lower pore size rating. Disgense in 1 ml
volumes into sterile containers and store at((320 * 3) °C for not more than 3 months. For use, thaw at
room temperature.

Add 0,1 g of anisomycin to 10 ml of ethanol (see Clause 6) and sterilize the solution by filtration through
a stefrile membrane filter with an _average pore size of 0,2 um or lower pore size rating.[Dispense in
0,8 npl into sterile containers. Usg:a fresh solution of anisomycin.

Add 100 mg of bromothymol-blue to 100 ml of water and sterilize the solution by filtratign through a
sterile membrane filter with an average pore size of 0,2 pm or lower pore size rating. Dispense in 10 ml
voluines into sterile contdiners and store at (5 * 3) °C for a maximum of 1 year.

Add [L00 mg of broniocresol purple to 100 ml of water and sterilize the solution by filtratign through a
sterile membrané-filter with an average pore size of 0,2 um or lower pore size rating. Dispense in 10 ml
volujnes in stérile containers and store at (5 * 3) °C for a maximum of 1 year.

B.5.3 cPreparation of MWY agar

Follow the instructions for preparation of BCYE agar given in B.1, but add 3 g of ammonium-free glycine
after the addition of the a-ketoglutarate and then adjust the pH to 6,8 £ 0,2.

After the addition of the L-cysteine and iron(III) pyrophosphate solutions, add 5 ml of the polymyxin B
sulfate, 1 ml of the vancomycin hydrochloride, 0,8 ml of the anisomycin solutions and 10 ml of both
indicators (see B.5.2) to the final culture medium. Mix well.

Dispense in 20 ml volumes into Petri dishes of 90 mm to 100 mm diameter. The pH of the final culture
medium is 6,8 + 0,2 at 25 °C. Allow excess moisture on the plates to dry and store at (5 # 3) °C in airtight
containers in the dark for up to 4 weeks.
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B.6 Blood agar

B.6.1 Composition

Agar 150¢g
Nutrient substrate (heart extract and peptones) 20,0g
Sodium chloride (CAS No. 7647-14-5) 50¢g

Blood (e.g. horse or sheep blood) 50 ml
Water to 1 000m!

Check many
gelling stref
with the red

B.6.2 Pre

Suspend thg
so that, afte
(15 £ 1) miy
and pour inf
at(5+3)°C

B.7 Nutr

[facturer’s recommendations for concentration of agar to be added to proyide adeq
1gth. All the water used for the preparation of culture media and supplements shall co
uirements of ISO 3696, grade 3 (see Clause 6).

paration

ingredients, with exception of the blood, in water and mix well;lf necessary, adjust th
I autoclaving, it has a value corresponding to 6,8 = 0,2 at 25 €€. Autoclave at (121 £ 3) 1
. After autoclaving, allow to cool to (48 + 3) °C in a watei~bath. Add 50 ml blood, mix
o Petri dishes to a depth of at least 4 mm. If not for immediate use, the plates can be st
in the dark and protected against evaporation for upto'4 weeks.

jent agar

B.7.1 Composition

Agar

Meat extrac
Enzymatic g
Sodium chld
Water

Check many
gelling stref
with the reg

150g
t 10g
igest of peptone 50g
ride (CAS No. 7647-14-5) 50g
to 1000 ml

1gth. Allthe water used for the preparation of culture media and supplements shall co
uirements of ISO 3696, grade 3 (see Clause 6).

B.7.2 Pre

aration

[facturer’s recommendations for concentration of agar to be added to provide adeq

juate
mply

e pH
C for
well
ored

juate
mply

Suspend the ingredients in water and mix well. If necessary, adjust the pH so that after autoclaving,
it has a value corresponding to 6,8 + 0,2 at 25 °C. Autoclave at (121 + 3) °C for (15 + 1) min. After
autoclaving, allow to cool to (48 + 3) °C and pour into Petri dishes to a depth of at least 4 mm. If not for
immediate use, the plates can be stored at (5 + 3) °C in the dark and protected against evaporation for
at least 8 weeks.

18
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B.8 Tryptone soy agar (TSA)

B.8.1 Composition

1:2017(E)

Enzymatic digest of casein 150¢g
Enzymatic digest of soy or soybean meal 50¢g
Sodium chloride (CAS No. 7647-14-5) 50¢g

Agar 150¢g
Watgr t0.1000 ml

Check manufacturer’s recommendations for concentration of agar to be added,to,provi
gelling strength. All the water used for the preparation of culture media and supplements
with|the requirements of ISO 3696, grade 3 (Clause 6).

B.8.2 Preparation

Suspend the ingredients in water and mix well. If necessary, adjustthe pH so that after
it hap a value corresponding to 6,8 + 0,2 at 25 °C. Autoclave at/121 % 3) °C for (15 = 1
auto¢laving, allow to cool to (48 + 3) °C and pour into Petri dishes to a depth of at least 4 n

le adequate
thall comply

autoclaving,
min. After
m. If not for

immediate use, the plates can be stored at (5 * 3) °C in the dark and protected against evaporation for

at legst 8 weeks.
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C.1 Page’s saline

C1.1 Coranosition

Sodium chld
Magnesium
Calcium chl
Disodium hy
Potassium d
Water (see (
Add the che

NOTE Tq
volumes as r¢

C.2 Diluted Ringer’s solution

Usea1in 1(

C.3 Phosphate-buffered saline (PBS) [pH 7,5]

Useacomm

C.4 Steri

Use sterile t

le tap water

dilution of % strength Ringer’s.solution as described in ISO 8199.

Annex C
(normative)

Diluents
ride (NaCl) (CAS No. 7647-14-5) 0120¢g
sulfate (-heptahydrate) [MgS04-7H30] (CAS No. 10034-99-8) 0,004 g
pride (-dihydrate) [CaClz-2H0] (CAS No. 233-140-8) 0,004 g
rdrogen phosphate [NapHPO4] (CAS No. 7558-79=4) 0,142 g
ihydrogen phosphate [KH2PO4] (CAS No. 7778+77-0) 0,136 ¢g
lause 6) 1000 ml

micals to the water. Allow to dissolve, mix well and autoclave at (121 + 3) °C for (15 + 1)

aid accurate preparation, a 10 I volume of Page’s saline can be prepared and dispensed in sn
quired for autoclaving at (121 # 3) °C for (20 £\1) min.

ercially available preparation and reconstitute according to the manufacturer’s instruct

Ap water that has shown not to have an effect on the recovery of Legionella.

min.

haller

ions.
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Annex D
(normative)

Acid solution

Prepare a 0,2 mol/l solution of hydrochloric acid (HCI) by adding 17,4 ml concentrated HCI (p = 1,184,

minimum assay 37 %) or 20 ml concentrated HCI (p = 1,16, minimum assay 31,5 %) to

11 of water

(solution A).

Preppre a 0,2 mol/l solution of potassium chloride (KCl) by dissolving 14,9 g of KEDin
(soluftion B).

To prepare the acid solution, mix 3,9 ml of solution A and 25 ml of solution BrAdjust to pH

1 1 of water

2,2+0,2 by

addition of a solution of 1 mol/l potassium hydroxide (KOH). Store in a suitable glass container in the

dark|at room temperature for not more than 1 month.
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Annex E
(informative)

Scraping or rubbing the bacteria from membrane filters

A scraping method to remove Legionella from the membrane filters can also be used.

The membr
dish of a sui
5 ml to 10

membrane is then scraped a few times with a sterile cell scraper (commercially available).

22

W‘F_ﬂ-n_ﬁi_ﬂﬁ_f_ﬁi‘t‘—d_l_d_rl_ne flter 1S Temoved from the stand with disinfected forceps and piaced in a Sterije Petri
able size (usually a Petri dish of 60 mm in diameter for a membrane of 47 mm) conta

ning

ml of sterile diluent or filtrate from the original sample. Record the used yolume| The
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Annex F
(informative)

Centrifugation technique

If there is so much deposit in the sample that concentration by filtration is not possible, the
centrifugation technique can be used. Recovery rates for this method are usually much lower than in
the gther techniques described in this document. Recovery rates are the best with swing gut rotors as
the deposit is restricted to the bottom of the tube, making it easier to remove the supernatant without
distyrbing the deposit. Recovery with angle rotors is erratic and lower than in the other t¢chniques in
this glocument.

After shaking to re-suspend any deposit that possibly has settled, pour (200,#5) ml of each{sample into
sterile screw capped centrifuge bottles of between 300 ml and 500 ml capacity. Centrifug¢ the bottles
at 6 (00 g for 10 min or 3 000 g for 30 min, maintaining the temperature-at 15 °C to 25 °C.|Remove the
sealdd centrifuge head with the bottles contained inside to a safety, cabinet before opening the rotor.
This[avoids exposure to aerosols if a bottle has broken during centrifugation. Remove the pupernatant
aseptically and discard. Re-suspend the deposit in 2 ml to 10 m¥of the diluent (see Annek C). Ensure
that fthe volume of diluent added is recorded. This concentrdte/represents the prepared pample. It is
recojmmended that the supernatant is removed by vacuum;rather than decanting, to avoid [disturbance
and ¢onsequent loss of the deposit. If necessary, less safiiple volume may be used with adjustment to
voluine of diluent for re-suspension.
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Annex G
(informative)

Indirect immunofluorescent antibody assay for the identification

of Legionella species

G.1 Gene€

Legionella s
of cellular f
fluorescent
on a genus
appropriate

TOF), polymerase chain reaction (PCR) and DNA sequencing. In this annex, tlie immunofluores(

method is d
species.
G.2 (Serg

Use diagnos
which this i

NOTE S¢

G.2.1 Ant

To identify
with all kno|
other than I

G.2.2 Flug

Use FITC raj
required for

G.2.3 Glye

Use a comn
phosphate-}

ral

becies can be identified by a variety of methods. These include gas-liquid chromatogny
atty acids and isoprenozel quinones, indirect immunofluorescent antibody “assay, d
antibody assay, slide agglutination, latex bead agglutination, colony,blot assay h
-specific monoclonal antibody, enzyme-linked immunosorbent assay,_ procedures
diagnostic reagents, matrix assisted laser desorption/ionization time of flight (M4

escribed as an example of serological method, which can be tised to identify Legig

plogical) reagents

hformation is not available.

rological cross reactions with other microorganisms in environmental samples can sometimes

isera to L. pneumophila and other Legionella species

.. pneumophila, use polyclonal ©np'monoclonal antibody preparations capable of rea
wn serogroups of L. pneumophila. Use specific antisera, if it is necessary, to identify sp
. pneumophila or serogroups:of L. pneumophila.

prescein isothiocyanate anti-rabbit conjugate (FITC)

sed against rabbit,serum proteins that are available commercially. Different conjugate
use with antiSera raised in other animals.

ferol-mounting medium

nercially available glycerol-mounting medium, or prepare by adding 1 ml of potas
uffered saline (pH 8,5) to 9 ml of glycerol (neutral).

aphy
irect
ased
with
\L.DI-
ence
nella

tic serological reagents of known specificity from.@known source. Do not use a reagent for

Ccur.

cting

ecies

S are

sium

G.2.4 Glycerol broth

Dissolve 5 g of a commercially available dehydrated nutrient broth in 170 ml of water (see Clause 6) and
add 30 ml of glycerol. Mix well and dispense in clean, dry silica-glass bottles in volumes of 2 ml. Sterilize

by autoclavi

ng at (121 # 3) °C for (20 = 1) min. Store at room temperature until required.

G.2.5 Formol saline

Prepare by adding 20 ml of a volume fraction of 37 % aqueous solution of formaldehyde to 980 ml of
phosphate-buffered saline (see C.3).

24
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G.3 Preparation of antigens

Using pure growth of the Legionella isolate onto plates of BCYE agar (see 8.5), prepare a test antigen
(sample) by emulsifying several colonies in formol saline (see G.2.5).

For some reagents, the use of formol saline may not be appropriate, in which case, the colonies can be
emulsified in water (see Clause 6) and the suspension inactivated at 60 °C for (60 * 5) min. It is essential
to verify which method of preparation is applicable.

Dilute the test antigen in phosphate-buffered saline (PBS) (see C.3) to give a suspension, which is faintly

turbid when viewed with the naked eye.

This
using
McF4

Prep
culty
strai

G.4

Use
antig
imm

G.5

Dilut
instr
apla

Cove

NOTH
contg

G.6

Imm
(5=
once

corresponds to approximately 1 x 105 cells/ml to 1 x 106 cells/ml and to an optical\d
b a spectro-photometer at a wavelength of 395 nm with a cuvette of 10 mm optieal'p3
rland nephelometer standard 0,5 diluted 1:100.

are a Legionella control antigen in the same way from a reference strain obtained from 4
re collection (e.g. National Collection of Type Cultures) cultured on BCYE agar. Store t
hs frozen as described in ISO 11133.

Preparation of slides

polytetrafluoroethylene-coated slides with multiple wel{s.of diameter 3 mm. Add
en (see G.3) to separate wells and allow to dry. Fix either by gentle heating in a Bunsen
brsion in acetone for 10 min.

Preparation of antiserum (antibody)

e the Legionella antiserum (see G.2.1) to the'recommended working titre according to t
uctions. Add sufficient diluted antisertim’ to cover each well containing antigen. Place
Stic or glass box containing damp tisSue or blotting paper to prevent drying.

r the box with a lid and incubate‘at (36 * 2) °C for (30 = 1) min.

Replicates of the same-test antigen (sample) can be examined on one slide, but to avoid

Rinsing of slides

brse the slides’in phosphate-buffered saline (see C.3) in a rotary mixer and was
1) min; replace with fresh phosphate-buffered saline and wash again for (5 + 1) min;
more for (5 + 1) min.

ensity of 0,1
th length or

1 recognized
he reference

b il of each
flame or by

he supplier’s
the slides in

risk of cross-

mination by reagents or saniples, it is advisable to use separate slides for different test antigens (samples).

h gently for
repeat wash

G.7

Application of conjugate
) S N 4 (=]

Dilute the fluorescein isothiocyanate anti-rabbit conjugate (FITC) (see G.2.2) to the working titre,
following the supplier’s instructions. Add 5 pl of the diluted FITC to each well and incubate in the moist
box at (36 + 2) °C for (30 + 1) min. Rinse the slides as described in G.6.

G.8

Mounting the slides

Add to each slide sufficient (usually two to three drops) glycerol-mounting medium (see G.2.3) to
spread under a clean cover slip big enough to cover all the wells. Ensure that no air bubbles are trapped
between the slide and the cover slip.

© ISO

2017 - All rights reserved
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G.9 Examination of slides

Examine the slides using an epifluorescent microscope. Regard cells which fluoresce bright green with
the species-specific antiserum as confirmed Legionella species. Repeat the test with fresh reagents if no
fluorescence occurs with the control antigen.

If control antigens do not fluoresce, check the working strength of the antisera by preparing two-fold
serial dilutions and titrating these against the control antigen(s).

If cross-reactions or inconclusive results occur, isolates can be sent to a reference laboratory for further
examination. The method of packaging for transport should conform to relevant safety regulations.
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Annex H
(informative)

Performance data

Several trials were undertaken to determine the performance characteristics of this procedure (see
Clause 8). Results from an intralaboratory trial and three interlaboratory studies are summarized in

Tabld

H.1 and Table H.2. In the intralaboratory trial, which took place at Vitens Laboratory.in

(the
robu
char

The
wate
char
high
Thes|
detel
own

The
incul
thei

Thre
medj

Netherlands), the performance parameters such as range of quantitative “def
stness of incubation time, counting uncertainty, precision, identification (categoriéal

samples used for the determination of the performance characteristics are mai
r and water derived from cooling towers. Data for the determination of the {
hcteristics were collected in accordance with 1SO 13843[1]. The identification proced
sensitivity, specificity, selectivity and efficiency, with low false-pesitive and false-ne
e performance characteristics were derived in a laboratory, which has a high level of e
'mining Legionella species in water samples. It may be necessary for laboratories to ca
secondary validation to determine their own performance‘eharacteristics.

fobustness of the incubation time was assessed using»147 counts obtained, after 7 d

hterlaboratory trial, they may not be representative for non-spiked natural samples.

e different Legionella species (L. anisa, L. go¥manii, and L. pneumophila) and four diffe
a were used for the calculation of the recovery. BCYE agar was used as the non-seled

medjum and BCYE+AB agar, GVPC agar and:-MWY agar were used as the selective culturg

lowe

InM
Cypr
inveq
diffe
analy
culty
samy
were

Due
a se
8 lah

5t average recovery was found for Legormanii on GVPC agar (64 %).

us, Finland, Germany, Italy, Netherlands, Spain, Switzerland, United Kingdom, Unitg
tigate the precision of the)method. Samples used in the interlaboratory trial were
rent Legionella species and different concentrations of interfering microorganisms. Sg
rsed using direct plating, membrane filtration with direct placing of the membrane
re media, membrane filtration followed by a washing procedure and plating after di

provided to@ll'participants, therefore the participants used the same batches of cultur

to a change in the acid treatment used as a pre-treatment step for the analyses fo

the i

hcteristics) and recovery have been determined. The data are summarized in/Table H.1.

.eeuwarden
ermination,
erformance

nly potable
erformance
ures show a
bative rates.
Kperience in
rry out their

and 10 d of

bation, from three different laboratories. As the rgbustness determination is based on data from

rent culture
tive culture
media. The

irch 2015, an interlaboratory study with 27 laboratories from 10 countries was perfornjed (Austria,

d States) to
spiked with
imples were
filter on the
ution of the

le. The differentpre-treatments of the sample were also carried out where applicable. Clilture media

b media.

Legionella,

condinterlaboratory study was carried out in June 2015. In this interlaborgtory study,
oratories from 3 countries participated (Austria, Germany, the Netherlands). Samples used in
hterlaboratory trial were spiked with different Legionella species and different concgntrations of

interfering microorganisms. Samples were analysed using membrane filtration with direct placing of
the membrane filter on the culture media, membrane filtration followed by a washing procedure and
plating after dilution of the sample. The different pre-treatments of the sample were also carried out
where applicable.

The repeatability of the second interlaboratory study varied in a range of 18,0 % to 29,5 % compared
to a range of 30,1 % to 35,3 % obtained in the first study. The performance of the reproducibility was
better in the second interlaboratory study. The reproducibility in the second study varied from 46,0 %
to 54,0 % compared to 56,4 % to 78,5 % in the first interlaboratory study. This may be due to the lower
number of participants and shorter sample transport distances in the second study.

A third interlaboratory study was necessary to calculate the performance characteristics of the method
using membrane filtration with direct placing of the membrane filter on the culture media. In this
interlaboratory study that was carried out in June 2016, 10 laboratories from 4 countries participated
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(Austria, Germany, Netherlands, United Kingdom). The two samples used in this interlaboratory trial
were spiked with different Legionella species. Samples were analysed using membrane filtration with
direct placing of the membrane filter on the culture media. The pre-treatment of the sample with acid
solution was also carried out where applicable.

In the third interlaboratory study, of the sample spiked with L. pneumophila, the repeatability was
51,1 % and the reproducibility was 65,9 %. The other sample containing L. anisa did not show growth
on the membrane filter at seven laboratories. There was growth observed at three laboratories with a
maximum concentration of 900 cfu/l. One of the laboratories also carried out the direct plating method
for this sample. The concentration found with the direct plating method was 36 000 cfu/l. This shows
that, in this case, the membrane filter strongly influenced the growth of L. anisa on the membrane filter.

The data ar¢ summarized in Table H.1 and Table H.2.
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Table H.1 — Parameters for performance characteristics of the intralaboratory trial

Intralaboratory trial

Range of quantitative determination

— Single strain without interfering microorganisms
between 10 cfu/plate and 300 cfu/plate.

— Counts including interfering microorganisms
10 cfu/plate to 150 cfu/plate.

— For the membrane filter technique with direct
placing of the membrane filter on the plate 10 cfu/plate
to 80 cfu/filter.

h of other
acan

and that the
be adapted

—  Always take into account that the grow
microorganisms on Legionella culture med
strongly influence the growth of Legionella
range of quantitative determination has to
to the specific situation.

Robustness of incubation timea

No significant difference in deunts between 7 d and

10 d of incubation (n = 147).

Robustness of the method using direct membrane
filtration technique

Membrane filters, used-for the method of placing the
membrane filter directly onto the culture npedia, have a
significant influence on the recovery of Legjonella.

Counting uncertainty
[relative standard deviation (RSD)]

Repeatability (within laboratory) 4,10 %
Reproducibility (within laboratory) 540 %
Predision (RSD) — direct plating
Repeatability (within laboratory) 4,15 %
Reproducibility (within laboratery) 8,23 %
Predision (RSD) — membrane filter on plate
Repeatability (withinJaboratory) 5,09 %
Reproducibility (within laboratory) 11,86 %
Predision (RSD) — filtration with washing
prodedure
Repeatability (within laboratory) 6,04 %
Repradircibility (within laboratory) b
Identification (categorical performance Confirmation by subculturing on | Confirm@tion by PCR
charjacteristics) (n=1 067)c BCYE agar and BCYE-cys agar
Sensitivity 99,0 % 98,6 %
Specificity 95,3 % 9,5 %
False-positive rate 3,3% 1,8 %
False-negative rate 1,4 % 2,1 %
Selectivity 57,2 % 58,1 %
Efficiency 97,5 % 98,1 %
Recovery > 64 %

a  From interlaboratory trial.

b The average relative operational standard deviation in intralaboratory reproducibility conditions observed during the
characterization process was not significantly different from zero (ideal case).

¢ The performance characteristics of the identification were also calculated based on the confirmation by PCR. Besides
the confirmation of suspicious colonies by subculturing on BCYE agar and BCYE-cys agar, these colonies were also
confirmed by an ISO/IEC 17025([2] accredited in-house PCR method. The small differences of the identification were caused
by target and non-target colonies that were overgrowing each other.
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Table H.2 — Parameters for performance characteristics of the interlaboratory trial

Interlaboratory trial
Precision (RSD) — direct plating, low concentration of
interfering microorganisms
(see 8.4.2) (n = 24)
Repeatability 353 %
Reproducibility 56,4 %
Precision (RSD) — membrane filter on plate, low concentration
of interfering microorganisms
(see 8.4.3.1) =103
Repeatability 51,1 %
Reproducibility 65,9 %
Precision (RSD) — filtration with washing procedure, low
concentratipn of interfering microorganisms
(see 8.4.3.2)|(n = 14)
Repeatability 225 %
Reproducibility 49,5 %
Precision (RSD) — direct plating and plating after dilution,
high concentration of interfering microorganisms
(see 8.4.4) (M =16)
Repeatability 295%
Reproducibility 54,0 %
Precision (RSD) — filtration with washing procedure,
high concentration of interfering microorganisms
(see 8.4.4) (n=74)
Repeatability 30,1 %
Reproducibility 78,5 %
Precision (RSD) — direct plating and plating-after dilution,
extremely High concentration of interfering microorganisms
(see 8.4.5) (n1=18)
Repeatability 18,0 %
Reproducibility 46,0 %
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