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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
electrotechnical standardization.
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Introduction

The thermotolerant Campylobacter species are not thought to propagate as free living but are zoonotic
pathogenic bacteria of mammals and birds and which cause disease in humans. Campylobacter
jejuni subsp. jejuni and Campylobacter coli are common causes of intestinal infections in humans.
Campylobacter upsaliensis is found mainly in cats and dogs and is of minor importance for human
infections. Campylobacter lari is less frequently associated with human infections. Campylobacter
infections give rise to a flu-like illness with malaise, fever and myalgia followed by diarrhoea. The
vehicles for Campylobacter infections are usually food, farm animals, pets and person-to-person
contact; water is also important. They can be isolated from waters contaminated with human or animal
faecqSSUCITas wastewater and surface waters. I he bacteria nave peen demonstrated to supvive within
amog¢bae. Outbreaks of campylobacteriosis have been reported in relation to the use of contaminated
drinking water and sporadic cases from recreational water use.
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Water quality — Detection and enumeration of
thermotolerant Campylobacter spp

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 to establish appropriate safety and health practices.
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9458, Waterquatity — Sampting for microbiotogical anatysis

Terms and definitions

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

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

[SO Online browsing platform: available at https://www.iso.org./obp

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

microorganisms forming characteristic colonies on solid selective media when incubated in a
microaerobic atmosphere at 41,5 °C and which possess the characteristic morphology, motility,
biochemical and growth properties described when tests are conducted in accordance with ISO 17995

Note 1 to entry: Thermotolerant Campylobacter species of relevance in human infections include Campylobacter
jejuni subsp. jejuni (hereafter referred to as Campylobacter jejuni), Campylobacter coli, Campylobacter lari and
possibly Campylobacter upsaliensis. Campylobacter upsaliensis is found mainly in cats and dogs and is of minor
importance for human infection.

3.2

detection of Campylobacter

determinatipn of the presence or absence, semi-quantitative enumeration or quantitative enumeration
using a most probable number (MPN) system of Campylobacter in water and solid materidls;Wheh the
test is conducted in accordance with ISO 17995

4 Principle

4.1 Generfal

In general, the detection of Campylobacter requires enrichment folloved by isolation of colonie§ and
their confirmation. The flow diagram of the procedure in Annex A shdll be applied.

4.2 Inocylation and enrichment in selective liquid medium

Samples are|inoculated either directly or after concentration using membrane filtration into one of two
selective enfrichment broths depending on the expectedlevel of background microorganisms: Bplton
broth for clgan water and Preston broth for more heavily contaminated water. A single sample volume
is processed for Campylobacter detection and, where necessary, at least three 10-fold volumeg (for
example 10{ml, 100 ml and 1 000 ml) are used for a semi-quantitative determination (Annex B |shall
be applied),| For a quantitative (MPN) determination, volumes of 500 ml, 5 x 100 ml, 5 x 10 ml|and,
where counfs may be high, smaller volumes are used or the initial sample is diluted. The brothf are
then incubated microaerobically at (37%-1) °C for (44 £ 4) h.

The ratio ofjsample to enrichment broth shall be 10 % or less if single strength broth is used.

4.3 Isolation and selection for confirmation

From the enfrichment braoth cultures in 4.2, liquid selective media are inoculated onto modified chafcoal
cefoperazorle deoxycholate agar (mCCDA).

The mCCDA plates-are then incubated at (41,5 + 1) °C for (44 * 4) h in a microaerobic atmosphere
and examinegd for characteristic colonies after incubation. Colonies with typical characteristicy are
presumed tabe f'nmpylnhnr‘f‘pr (can B} Itis necessaryto confirm atleastone r‘n]nny fromeach p] te to
demonstrate that the corresponding enrichment culture is positive for the presence of Campylobacter
species.

4.4 Confirmation

Confirmation of suspect colonies of Campylobacter species involves biochemical, morphological and
physiological tests. See flow diagram in Annex A.

The colonies presumed to be Campylobacter are inoculated on the non-selective Columbia agar or other
appropriate solid non-selective media, and are then confirmed by means of microscopic examination,
failure to grow aerobically at 25 °C and appropriate biochemical tests. Optionally, Campylobacter
species are further identified by specific biochemical tests.

© ISO 2019 - All rights reserved
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For species identification, it is recommended that more than one isolate per enrichment culture is tested.

If typical Campylobacter species are confirmed or identified, the result is given as the qualitative,

semi

-quantitative or quantitative (MPN) estimate per volume of sample.

5 Culture media and reagents

For c

urrent laboratory practice see ISO 8199 and 1SO 11133.

The composition and preparation of the culture media and reagents given in Annex C shall be used. The
performance testing requirements given in Annex D shall be applied.

6

Apparatus

Usuall microbiological laboratory equipment (as specified in ISO 8199) and, in pdrticular, th

6.1
6.2
6.3

6.4
50 m
prov

6.5

6.6
carb

Appr
or fl
micr
prec
capa
priof
5%

Gas-§
0xyg|

Water baths or incubators, capable of operating at (37 + 1) °C and(41,5 + 1) °C.
Water bath, capable of operating between 47 °C and 50 °C.
Membrane filtration equipment, as specified in ISO 8199,

Membrane filters, sterile membrane filters made of-cellulose ester with a diameter
m and a pore size of 0,45 pum. Larger diameter mefbranes may be used with suitable f
ded they have a pore size of 0,45 pm.

pH-meter, accurate to within 0,2 pH units\at 25 °C.

Apparatus suitable for achieving@microaerobic atmosphere, with oxygen content
n dioxide (10 * 3) %, optional hydrogen at <10 %, with the balance being nitrogen.

opriate gastight containers.of, for example, 3,5 | capacity are used to hold Petri
isks or bottles for the entichment broth, such as bacteriological anaerobic jars. The
baerobic atmosphere can‘be obtained using commercially available gas-generating ki
sely the manufacturer’s instructions, particularly those relating to the volume of the
City of the gas-generating kit. The jar may be flushed and filled with an appropriate

xygen and 10-% carbon dioxide) can also be used.

renerating/pouches can be used if they are able to maintain an atmosphere with approx
en and-approximately 10 % carbon dioxide.

e following:

pf 45 mm to
ilter holders

of (5 + 2) %,

dishes and/
appropriate
s, following
jar and the
gas mixture

to incubation¢Alternatively, an incubator with appropriately modified atmosphere (approximately

imately 5 %

6.7

illumination can also be used.

6.8

6.9

6.10

6.11

© ISO

Bottles, 100 ml to 250 ml, with screw caps for the selective enrichments.
Vented Petri dishes, sterile, 90 mm.
Disinfected forceps, for handling membrane filters.

Refrigerator, capable of operating at (5 * 3) °C.

2019 - All rights reserved
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7 Sampling, transport and storage

It is important that the laboratory receive a sample which is truly representative and has not been
damaged or changed during transport or storage. Be aware that campylobacters are very sensitive
to adverse conditions. Keep samples cool (5 * 3) °C and in the dark until they are processed. The
temperature should not be above that at which the sample was taken, nor should the sample be allowed
to freeze. Avoid unnecessary mixing with air. Process the samples as soon as possible after collection,
but within a maximum of 30 h. In all other aspects of sampling, transport and storage, follow the
instructions given in ISO 19458.

NOTE1 Campylobacters survive well in clean water at (3 * 2) °C. At higher temperatures or in other media,
they can quigkly deteriorate:

NOTE 2  Itfis important that sample bottles are filled to the rim. This avoids air spaces in the containefr and

helps to ensufre Campylobacter survival.

8 Sample processing

8.1 General

Depending
inoculation
suitable for
is suitable
suitable for

on the sample properties and expected level of faecal contamination, use d
(see 8.2) or membrane filtration (see 8.3) for sample processing. Direct inoculati
samples with a high contamination level such as wastewdter, whereas membrane filtr
for surface water, groundwater and drinking waterssamples. Direct inoculation is
relatively small volumes, for example 100 ml or less and membrane filtration is suitab

larger volumes.

The ratio of]
to 1 L of brd
microorgan
campylobac

Throughout]

irect
bn is
htion
only
e for

a maximum of 10% of sample to enrichment broth is used (for example 100 ml of sample

th) to avoid significant change to the composition of the medium. In addition, backgr
sms present in the sample are diluted:sufficiently to avoid their inhibition of the grow
ters during enrichment.

the processing steps, care should be taken to minimise the risk of cross-contamin

of enrichmé|
used. In ad

nt broths. The use of pipette.tips with sterile filters is essential if automated pipette
ition any positive controlsshould be processed separately.

pund
th of

htion
S are

8.2 Diredtinoculation into‘enrichment broth

C.2).
ed by
Ation

Samples with expected highTontamination levels are inoculated directly into Preston broth (see
Where the ¢xpected levebof background microorganisms is low and samples cannot be processg
membrane filtration, Bolton broth (see C.3) may be used. If no information about the contamin
level is available, both broths should be used.

Double strepgth broth should be used for large volumes. Single strength broth should be used for
relatively shalDvolumes of water where the ratio of sample to enrichment broth shall be 10 % on]less.
Generally, volumes of 100 ml, 50 ml and 10 ml are inoculated into an equal volume of double strength
broth. Volumes of 1 ml and 0,1 ml if required are inoculated into 10 ml of single strength broth.

Solid material can be weighed directly into single strength enrichment broths. Aliquots of 10 g can
be weighed into 100 ml of enrichment broth, 1 g and smaller aliquots should be weighed into 10 ml of
enrichment broth.

NOTE When high numbers of campylobacters are expected, the sample can also additionally be streaked
directly onto mCCDA (see C.4) without prior selective enrichment.

8.3 Membrane filtration

Samples with expected low levels of contamination are filtered using membrane filters with a pore size of
0,45 um (see 6.4). Select one of the two enrichment broths depending on the expected level of background

4 © IS0 2019 - All rights reserved
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microorganisms and use 100 ml of single strength broth for the enrichment of each sample volume.
Bolton broth (see C.3) is used for clean samples and Preston broth (see C.2) for heavily contaminated
water. If no information about the contamination level is available, both broths should be used.

For detection of campylobacters in drinking water, other treated waters and clean surface waters, a
1 000 ml sample is filtered. If required, larger volumes may be processed using more filters or, where
necessary, larger diameter filters may be used. Alternative concentration methods may be used, for
example ultra-filtration or centrifugation providing that they are verified for recovery by the user. For
more contaminated water, smaller volumes should be used and, for samples containing more particulate
material, several membrane filters may be used to filter the required volume. All membrane filters from
one sample volume shall be placed in the same container of enrichment broth.

re Annex B).
medium or

For a semi-quantitative determination, volumes of 10 ml, 100 ml and 1 000 ml are filtered-(s
The $maller volumes of 10 ml can also be pipetted directly into 100 ml of single strength
10 mfl of double strength medium.

For ¢

can be filtered and membrane filters from different volumes are placed into. 100 ml of sef

strer
10 m
exan
strer
or5

single strength broth.

After

[uantitative estimates, an MPN series can be used. In an MPN series, 100/ml and lar
gth broth. Smaller volumes of 10 ml can be pipetted into 100 ml ©f)single strength
iple, volumes of 5 x 100 ml and 500 ml can be filtered and membranes placed into 100

gth broth. Volumes of 10 ml can be directly inoculated into¢5 x"100 ml of single stren
x 10 ml of double strength medium. Volumes of 5 x 1 mlcan be inoculated directly i

filtration, the membranes are transferred using disinfected forceps (see 6.10) into

ser volumes
arate single
medium or

1 of double strength medium, and 1 ml can be pipetted into 10 ml-of single strength medium. For

ml of single
cth medium
nto 10 ml of

enrichment

broths.

9 Procedure

9.1 | Enrichment

For 9
Boltg
micr

amples known to have low concentrations of background microorganisms, use the l¢ss selective
n broth for enrichment and\for samples expected to have a high concentration of [background
porganisms use the highly selective Preston broth. For samples where the background microbial
concentration is unknown, enrich parts of each sample in both Preston and Bolton broths. Pyeston broth
may e too selective to allow the recovery of some strains of C. coli. Bolton broth may not|be selective
enough to counteract the-growth of non-campylobacters in some samples. If the available sample size is
limited, chose one ofthe enrichment broths which is considered to be the most appropriate.

NOTH
scopd

1  The aimeunt of sample (volume or weight) to be analysed can vary with the sample material and the

of the investigation.

Bring entichment broths to room temperature prior to inoculation.

Jd-0Q D 4+

Tran &833tobo ent broth(s).
Put the inoculated broths in jars (6.6) or in an incubator with modified atmosphere. Leave the caps
loosely placed on the inoculated broths during incubation to allow the modified atmosphere to reach
the broths. Apply the modified atmosphere to the jars (6.6) and incubate at (37 + 1) °C for (44 + 4) h.

£ +1a ] L Q9 441 iele o1 ot ] £ 1ol
ICTH LT SAIIIPITS (OCT U. 4 4dll LLITS WILIT tHHT appluplidattc VUIUIIITS UL TIITICITIT

NOTE 2 The Preston campylobacter-selective supplement (see C.2.2) contains antibiotics (polymyxin B and
rifampicin) known to be rather toxic towards C. coli and towards sub-lethally injured C. jejuni. Accordingly,
pre-enrichment for 4 h in Preston broth without the selective supplement prior to the enrichment in the complete
Preston broth (see C.2) has been found by some laboratories to increase the recovery of campylobacters from
waters with low numbers of other microorganisms. The Bolton broth selective supplement (see C.3.2) does not
include antibiotics known to be toxic towards campylobacters.

NOTE3  Some campylobacters can die or grow too slowly if the incubation temperature is below 36 °C.

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=5677c871c18202d8547485c948f4aaf6

ISO 17995:2019(E)

9.2 Plating on solid, selective medium

After incubation for (44 * 4) h, remove the broths carefully from the jars to avoid re-suspension of
sedimented material including background microorganisms. With a sterile loop, transfer approximately
10 pl of enrichment culture onto the surface of an mCCDA (C.4) plate. Draw the inocula from just
below the surface of the broths and streak onto the surface of the plates. Without delay, incubate the
inoculated plates in jars with a modified atmosphere (see 6.6) at (41,5 + 1) °C for (44 = 4) h.

NOTE1 Bolton broth (see C.3) contains cefoperazone. The use of a second plating medium with selective
agents different from those in mCCDA (see C.4) could improve Campylobacter detection, especially in the presence
of background microflora resistant to third generation 3-lactams like cefoperazone.

NOTE2  The use of additional mCCDA plates for spread-plating 100 pl of enrichment broths can enhange the
detection of low counts or injured Campylobacter.

9.3 Readjng of presumptive results

Examine th¢ inoculated mCCDA plates for visible growth after incubation.

Typical colonies of campylobacters are small, flat or convex with a greyish glessy surface often|with
a metallic sheen. They have a tendency to spread along the inoculation tracks. Well-spaced colpnies
resemble drpplets of fluid. On moist agar, a thin, spreading film may be seen-Colony mass collected on a
loop has a tan or creamy colour. See Annex F for additional guidance. kmages of Campylobacter colpnies
on mCCDA are available at https://standards.iso.org/iso/17995/ed-Z/en.

In cases of doubt, collect colony material from the surface of theplates and check under the microgcope
for typical appearance (see 9.4.4).

With continued incubation, colonies become flat or convex with a dull surface. A metallic sheen| may
develop. Th¢ colour of the colonies varies from transparént to greyish or whitish.

NOTE After the first examination of plates, the prolonged incubation of negative plates for up to 92 h might
enhance the fletection of injured Campylobacter, for gxample, from disinfected waters.

9.4 Confirmation

9.4.1 General

Throughout] all tests, be awaré-that cultures may deteriorate quickly in light and air and folloy the
procedures in 9.4 without delay. At least one colony from each plate needs to be confirmed to sa the
corresponding enrichmentbroth was positive.

If speciation] is required, several colonies should be subcultured and, if necessary, the cultures sgnt to
an appropripte reference laboratory.

Alternative |methods for confirmation and species identification such as commercially available

1 CD sccauc oy oty ool

i icaltestdtsgene-amphificationusinggenus-and-species-speciic PER-assays-or-matrbeass]
biochemicalttestiits, & phificat &g P P 37 sted
laser desorption/ionisation time-of-flight mass spectrometry (MALDI-TOF MS) may be used provided
they have been verified by the user.

9.4.2 Selection of colonies for confirmation

For confirmation, take from each plate of mCCDA (see 9.3) at least one colony considered to be typical
or suspected of being Campylobacter. One confirmed isolate per sample is sufficient. If the first colony is
negative, select up to four more colonies.

If needed, store the original isolation plates (see 9.3) under microaerobic conditions at (5 * 3) °C for use
in further confirmation and /or identification. Campylobacter isolates can loose their culturability when
stored aerobically at 5 °C.

6 © IS0 2019 - All rights reserved
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Streak each of the suspected colonies onto a blood agar plate (see C.5), mCCDA basal medium without
supplements (see C.4.1), Columbia agar (see C.5), or other non-selective agar plates which have been
demonstrated to support the growth of campylobacters, in order to allow the development of well-
isolated colonies. Incubate the plates in a microaerobic atmosphere at 41,5 °C from (24 * 2) h to
(44 % 4) h. Use well-isolated freshly grown colonies for the examination of growth aerobically at 25 °C

(see 9.4.3), morphology and motility (see 9.4.4), oxidase (see 9.4.5) and also for identification (see 9.5).

9.4.3 Absence of growth on non-selective agar plates

Using the cultures obtained in 9.4.2, inoculate a rich, non-selective agar plate, blood agar (see C. 5)

agar|plates which have been demonstrated to support the growth of campylobactersslincubate the

plat

Cam
rese

Posit
contl
WD(

9.4.4

Susp
on a
phas
simil
Camj
by d
for t

dark;
giveqd

Conf

Campylobacter jejuni WDCM-00005 (positive control) and Escherichia coli WDCM 0001
conty

9.4.5

Perfd
reag
loop,

ypical morphology by suspending in water instead of a nutrient broth. As an alternat
conty

s aerobically at 25 °C for (44 + 4) h.

ylobacters do not grow aerobically at 25 °C. Arcobacter spp. will grow at 25 °C aer
ble Campylobacter in colony appearance, morphology and motility, and reaction to the

ive and negative controls should be analysed alongside to confirm the results. Examplg
‘ol strains are Campylobacter jejuni WDCM 00005 (positive control,.nogrowth) and Esq
M 00012 (negative control, good growth).

Motility and cell morphology

end material from a suspect colony in a suitable nutrient broth like Preston basal brot]
slide. Cover with a cover slip and examine immediately under the microscope, pref
e contrast or differential interference contrast. Alternatively, motility may be demd
ar microscopy using a hanging drop (see Referenge [1]).

pylobacters are highly motile, slender rods“with a spiral appearance. Motility is c}
hrting or corkscrew-like movements. Campylobacters can be immobilized prior to

ast microscopy techniques for examining the appearance, campylobacters can be
field microscopy or after staining @ smear for 5 min with 20 g/1 carbolfuchsin. Gram s
unsatisfactory results with campylobacters.

rm the results using positive and negative controls. Examples of suitable control
ol).

Detection 0fioxidase activity
rm the test using fresh colony material from a non-selective agar (see C.5 or C.4.1)

ent (see-Cv6) on a filter paper in a Petri dish. With a platinum (not Ni chrome) wire
wooden stick or glass rod, smear some of the growth onto the prepared filter paper

pbically and
pxidase test.

s of suitable
herichia coli

h (see C.2.1)
erably using
nstrated by

1aracterized
microscopy
ive to phase

studied by
Qining often

strains are
2 (negative

and oxidase
loop, plastic
Regard the

appe

arance of a deep blue-purple colour within 10 s as a positive reaction. Commercial o3

idase strips

shou
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Campylobacters are oxidase-positive, but the reaction may be delayed by up to 10 s. Positive and negative
controls should be analysed alongside to confirm the results. Examples of suitable control strains are
Campylobacter jejuni WDCM 00005 (oxidase positive control) and Escherichia coli WDCM 00012 (oxidase
negative control).

9.4.6 Interpretation

Campylobacter gives results in accordance with Table 1. If typical campylobacters are present, report
this as indicated in Clause 11.
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Table 1 — Characteristics of Campylobacter

Aerobic growth (9.4.3)

a

Motility (9.4.4) Characteristic darting, often rotating, motility
Morphology (9.4.4) Curved or spiral shaped rods?
Oxidase (9.4.5) +

+ = positive.

- =negative.

Older cultures may rapidly lose their characteristic shape and motility and turn into less motile coccoid-like forms.

9.4.7 Fur

If further ve
sent to a refy

Be suretoa
campylobac

9.5

9.5.1 Gen

Among the
Campylobac
been descril
Campylobac

9.5.2 Det

From each §
peroxide (sd

The testis p

Positive and
control strg

WDCM 00085 or WDCM 00087 {hegative control).

9.5.3 Det

For each colony selected in 9.4.2, prepare a heavy suspension in a tube of appropriate size conta

0,4 mlofas

Identification of Campylobacter species (optional)

ther verification

brence laboratory for species identification and typing by phenotypic or molegular met

lhere strictly to the instructions for transport given by this laboratory in erder to avoi
ters dying due to adverse conditions during transport.

eral

Campylobacter spp. growing at 41,5 °C, the most\frequently encountered species
Ler jejuni and Campylobacter coli. Campylobacter larand Campylobacter upsaliensis havg
ped. The characteristics given in Table 2 permit«their differentiation. The isolation of
Ler species is unlikely under the culturing conditions described in this document.

pction of catalase

ubculture of selected colonies in:9.4.2, deposit a loop of culture into a drop of hydr
e C.7.1) on a clean microscope slide.

ositive if bubbles appear within 30 s.

negative controls should-be analysed alongside to confirm the results. Examples of sui
ins are Campylobgeter jejuni WDCM 00005 (positive control) and Enterococcus faq

pction of hippurate hydrolysis

bdiumvhippurate solution (see C.8.1), taking care not to incorporate any agar.

Shake in or

Her’to mix fhnrmlgh]y and incubate for 2 h in a water bath (ﬂ) setat37°Cordh

incubator (6.1) setat 37 °C.

rification is necessary isolates may be speciated (see 9.5) or, alternatively, isolates coufld be
hods.

d the

are
also

bther

ogen

[table
pcalis

ning

n an

After incubation, carefully add 0,2 ml of a ninhydrin solution (C.8.2) on top of the sodium hippurate
solution. Do not shake.

Interpret after incubation of an additional 10 min at 37 °C. A dark violet colour indicates a positive
reaction and a pale violet colour or no change in colour indicates a negative reaction.

Positive and negative controls should be analysed alongside to confirm the results. Examples of
suitable control strains are Campylobacter jejuni WDCM 00005 (positive control) and Campylobacter
coli WDCM 00004 (negative control).

NOTE Different inoculum levels can cause false positive/negative results.
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9.5.4 Detection of indoxyl acetate hydrolysis

Place a loop full (1 pl) of colony material selected in 9.4.2 on an indoxyl acetate disc (C.9) and add a drop
of sterile distilled water. A loopful of colony material is required for a clear reaction.

If the indoxyl acetate is hydrolysed, a colour change to dark blue occurs within 5 min to 10 min. No
colour change indicates that hydrolysis has not taken place.

Positive and negative controls should be analysed alongside to confirm the results. Examples of
suitable control strains are Campylobacter jejuni WDCM 00005 (positive control) and Campylobacter
lari WDCM 00204 (negative control).

9.5.3 Interpretation

Campylobacter species growing at 41,5 °C may be identified at a species level in accordance yith Table 2.

Table 2 — Characteristics of Campylobacter speciés

Characteristics C. jejuni C. coli C)lari C. upsaliensis
Catalase (9.5.2) + + + - ¢r weak +
Hydrolysis of hippurate (9.5.3) +a - - -
Indokyl acetate (9.5.4) + + - +
+ 3 positive.

- 3Fnegative.
a2 Yome hippurate-negative C. jejuni strains have been reported.

10 Quality assurance

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

Campylobacter jejuni WDCM 00005'or WDCM 00156, Campylobacter coli WDCM 00004 or WDCM 00072
and Campylobacter lari WDCM.00204 are suitable positive controls for this method. Suitable negative
contfols include Escherichia ¢coeli WDCM 00012 or WDCM 00013, or Staphylococcus aureus WDCM 00032
or WIDCM 00034 (see TableD.1).

11 Expressionof results

If th¢ presence,of typical campylobacters or defined species of Campylobacter genus are conpfirmed (see
9.4), reportthe result as thermotolerant Campylobacter or a defined species of the genus Campylobacter
dete¢ted'in the sample volume examined.

A semi-quantitative estimate of the numbers present in the sample is made from results with different
test volumes (see Annex B).

The proportion of positive and negative enrichment broths obtained from an MPN analysis can be used
to derive an MPN count for the volume of sample examined. A calculator that fulfils these requirements
is available at https://standards.iso.org/iso/8199.

For example, in an eleven tube series using 1 x 500 ml, 5 x 100 ml and 5 x 10 ml where the 500 ml
is positive, the 5 x 100 ml are positive and only 2 of the 10 ml are positive, the count is calculated as
54 campylobacters per litre.

It is important that sufficient dilutions are used such that some of the enrichment broths are negative
to obtain an MPN count.
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12 Test report

The test report shall include at least the following information:

a)
b)
‘)
d)

10

the test method used, together with a reference to this document, i.e. ISO 17995:2019;
all details necessary for the complete identification of the sample;
the result of the test, as specified in Clause 11;

details of any particular phenomena observed during the analysis and any operation not specified
in the method, or considered optional, that could have modified the results.
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Flow diagram of the method

Inoculate sample volumes directly
into Preston or Bolton broth either

Filter sample volumes and transfer the filters
to Preston or Bolton broth either qualitatively,

qualitatively, semi-quantitatively or
quantitatively as a MPN method

Semi-quantitatvely or quanttatively as a MPN

method

v Y

Incubate microaerobically at
(37+1)°Cfor(44+4)h

'

Plate on mCCDA and incubate
microaerobically at
(41,5+1)°Cfor (44+4)h

'

| Examine plates for typical colonies |

\

Subculture suspect colonies for confirmation onté non-selective plates to obtain pure cultures;
incubate microaerobically at (41,5 + 1) °C forup to (44 +4) h

\

\

Inoculate pure cultures onto a
non-selective plate; aerobic
incubation at 25 °C

Suspend colony material
for microscopy to check for
motility and appearance

Perform oxidase test

\

Y

Y

Campylobacters do not grow
aerobicallyat25 °C

Campylobacters are highly
motile (cork-screw like),
slender rods with a spiral

appearance

Campylobacters are
oxidase positive

Further identification from pure cultures for speciation

(optional)
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Annex B
(normative)

Semi-quantitative analysis

The volume of sample filtered will depend on the number of campylobacters expected in the water.
For drinking water, volumes of 10 ml, 100 ml and 1 000 ml are recommended. The smallest volume is

filtered first.
For water thus analysed, the result is given as a semi-quantitative estimate per 1 000 ml. Campylobpcter
counts in lgrger volumes, for example, 5 000 ml can be determined by testing samplé volumgs of
50 ml, 500 ml and 5 000 ml. Count as positive any test volume which results in the-démonstration
of campylohacters present in at least one of the two enrichments where both enrichments are tised.
Estimate the number of campylobacters present in the sample material from Tabte B.1. An atyJpical
outcome should always result in a scrutiny of all the steps of the analysis to cheek for possible souirces
of error.
Table B.1 4+ Numbers of campylobacters present in sample as a function of the results obtajned
on the test volumes
Sample volume tested ) L .
Semi-quantitative estimate per 1 000 ml
1 000 nl 100 ml 10 ml

- - - <1 cfu?

+ - - 21 cfu but <10 cfu

- + - >1 cfu but <10 cfub

+ + - 210 cfu but <100 cfu

+ - * >10 cfu but <100 cfuP

+ + + 2100 cfu

- + + 2100 cfu¢

- - + 2100 cfu¢
+  =Testvolume Campylobacter-positive.
- = Testvolume Campylobacterénegative.
a  cfu = colopny-forming unijts
b Depending on the number of campylobacters in the sample, there is up to 10 % probability that this atypical outcome is
caused by mefe coincidenge.
¢ This outdomescairbe seen when large numbers of competing microorganisms in the sample inhibit the growfth of
campylobactdrs-

12
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Annex C
(normative)

Composition and preparation of culture media and reagents

C.1 General

The}eneral specifications of ISO 11133 are applicable to the preparation of the culture médjiia described
in thlis annex. If culture media or reagents are prepared from dehydrated mediacand sypplements/
reagents or if ready-to-use media/reagents are used, follow the manufacturer’s instractions regarding
prepparation, storage conditions, expiry date and use.

The shelf lives of the media indicated in this annex have been determined in'some studies §nd are only
indidative. The user should verify these under their own storage conditjons (as specified in|/ISO 11133).
Perfgrmance testing of culture media is described in Annex D.

C.2 | Complete Preston broth (Reference [3])

Specjal meat extract? 100g

Peptpne 10,0 g

Sodiyim chloride (CAS No. 7647-14-5) 50g

Polymyxin B sulfate (CAS No/1405-20-5) 50001U

Rifampacin (CASNo. 13292-46-1) 001g

Trimlethoprim lactate salt (CAS No. 23256-42-0) 0,01g

Amphotericin B (CAS No. 1397-89-3) 0,01g

Sodifim pyruvate (CAS No. 113-24-6) 0,25g

Sodi:[m metabisulfité (CAS No. 7681-57-4) 0,25g

Iron(II) sulfate hydrate (CAS No. 13463-43-9) 0,25g

Lysed blood 50 ml

Water 950 ml

a Lab-Lemco powder (0XOID) is a trade name of a suitable product available commercially. This
information is given for the convenience of users of this document and does not constitute an
endorsement by ISO of this product.

NOTE Double strength medium is prepared by adding twice the amount of materials to 900 ml of water. The

medium is completed by the addition of 100 ml of lysed defibrinated or citrate-stabilized blood from cattle, sheep
or horses.
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C.2.1 Preston basal broth

C.2.1.1 Composition

Special meat extract?

Peptone

Sodium chloride

Water

10,0 g
100 g
(CAS No. 7647-14-5) 50g

940 ml

a Lab-LenJco powder (OXOID) is a trade name of a suitable product available commercidlly.

informatioj
endorsemer

C.2.1.2 Py

Dissolve thg
necessary. 4
7,4+ 0,2 at 4

Dispense 47
sterilization|
cooledtoas

In airtight b

1 is given for the convenience of users of this document and does not constitut
t by ISO of this product.

eparation

\djust the pH, if necessary, so that, after sterilization, the pH af the complete mediy
5 °C.

D ml aliquots in bottles of suitable capacity with screw caps: Make allowance for losses df
Sterilize in an autoclave at (121 * 3) °C for (15 * 3) minxOpen the autoclave as soon as
hfe temperature (for example 70 °C) and tighten the $¢réw caps to avoid inclusion of air.

ottles, the basal broth shall be stored at (5 + 3) %C.for not more than six months (see 6.

C.2.2 Solution of Preston Campylobacter-selective supplement

C2.2.1 Co

Polymyxin K
Rifampicin

Trimethopr
Amphoteric

Ethanol, 95

C.2.2.2 Py

mposition
sulfate (CAS No. 1405-20-5) 50001U
(CAS No.13292-46-1) 0,01g
m lactate salt (CAS No. 23256-42-0) 0,01g
nB (CAS No. 1397-89-3) 0,01g
Do (volume fraction) 5 ml

eparation

This
e an

e basic components or the dehydrated complete basic medium @a-the water, heating if

Im is

hring
t has

11).

Dissolve thd

cdemponents in the ethanol.

C.2.3 Solution of Campylobacter growth supplement (References [4], [6])

C.2.3.1 Composition

Sodium pyruvate

Sodium met

Iron(II) sulfate hydrate

Water

14

(CAS No. 113-24-6) 0,25g
abisulfite (CAS No. 7681-57-4) 0,25g
(CAS No. 13463-43-9) 0,25g

5ml
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C.2.3.2 Preparation

Dissolve the components in the water and sterilize by filtration. Aliquots of 5 ml should be stored at
(=20 = 5) °C for not more than twelve months.

C.2.4 Lysed blood

Use defibrinated or citrate-stabilized blood from cattle, sheep or horses. The blood should be stored for
not more than one month at (5 * 3) °C, provided it shows no signs of deterioration.

The blood is lysed by freezing at (-20 = 5) °C overnight. Portions of lysed blood should be stored in tight

i ot LT 2) O £ oo DI hoxn 2 Jd Do oo 1] dchaoiald 1L d o o R ho o
VlaIS at 14 + I G TUT uut TIoTcC tuau O o, 1 TOZCTT oT1oot—S1ourt ot DtUl T 10T uut TITOTC tuau S1X mOl’lthS,

(see Reference [6]).

C.2.5 Preparation of complete Preston broth

C.2.5.1 Composition

Basal broth (C.2.1) 940ml
Preston Campylobacter-selective supplement (C.2.2) 5)ml
Preston Campylobacter growth supplement (C.2.3) 5ml
Lysed blood (C.2.4) 50 ml

C.2.53.2 Preparation

Broth and supplements are mixed immediatelyprior to carrying out inoculations. The Campylobacter
growth supplement (see C.2.3) and the lysedblood (see C.2.4) are the last ingredients to be pdded. After
tightening the screw caps to minimize uptake of oxygen, the complete broths are gently rofated.

The ¢omplete medium should be storedat (5 = 3) °C for not more than 7 d (see Reference [{]).

C.3 | Complete Bolton broth (Reference [2])

Meat peptone 100 g
Lactalbumen hydralysate 50g
Yeast extract 50g
Sodipm chloride (CAS No. 7647-14-5) 50g
a-Ketoglutaric acid monopotassium salt (CAS No. 328-50-7) 10g
Sodium pyruvate (CAS No. 113-24-6) 05g
Sodium metabisulfite (CAS No. 7681-57-4) 05g
Sodium carbonate anhydrous (CAS No. 497-19-8) 0,6g
Haemin (dissolved in 0,1 % sodium hydroxide) (CAS No. 16009-13-5) 0,01g
Cefoperazone sodium salt (CAS No. 62893-20-3) 0,02¢g
Vancomycin hydrochloride (CAS No. 1404-93-9) 0,02g
Trimethoprim lactate salt (CAS No. 23256-42-0) 0,02¢g
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Amphotericin B (CAS No. 1397-89-3) 0,01g

Lysed blood 50 ml

Water 950 ml

NOTE Double strength medium is prepared by adding twice the amount of materials to 900 ml of water. The

medium is completed by the addition of 100 ml of lysed defibrinated or citrate-stabilized blood from cattle, sheep

or horses.

C.3.1 Bolton basal broth

C.3.1.1 Composition

Meat peptone 10,0'g
Lactalbuminp hydrolysate 50g
Yeast extradt 50g
Sodium chlqgride (CAS No. 7647-14-5) 50g
a-Ketoglutaric acid, monosodium salt (CAS No. 328-50-79 1,0g
Sodium pyrfivate (CAS No. 113:24-6) 05¢g
Sodium metasbisulfite (CAS No(7681-57-4) 05¢g
Sodium carbonate anhydrous (CAS;No. 497-19-8) 06g
Haemin (disfsolved in 0,1 % sodium hydroxide) (CAS No. 16009-13-5) 001g
Water 945 ml

C.3.1.2 Prieparation

Dissolve th¢ basic components or(the dehydrated complete basic medium in the water, heating if
necessary. Adjust the pH, if necéssary, so that, after sterilization, the pH of the complete mediym is
74 0,2 at 45 °C.

Dispense 47p ml aliquots inbottles of suitable capacity with screw caps. Make allowance for losses dyiring
sterilization| Sterilize in.an autoclave at (121 + 3) °C for (15 + 3) min. Open the autoclave as soon as it has
cooled to a spfe température (for example 70 °C) and tighten the screw caps to avoid inclusion of air.

In airtight Qottles; the basal broth should be stored at (5 * 3) °C for not more than six months in the
dark (see 6.11}):
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C.3.2 Solution of Bolton broth selective supplement

C.3.2.1 Composition

Cefoperazone sodium salt (CAS No. 62893-20-3) 0,02g
Vancomycin hydrochloride (CAS No. 1404-93-9) 0,02g
Trimethoprim lactate (CAS No. 23256-42-0) 0,02g
Amphotericin B (CAS No. 1397-89-3) 001g
Ethapol/sterile distilled water 50/50 (volume fraction) 5 ml

C.3.2.2 Preparation

Diss

plve the components in the 50/50 mixture of ethanol and sterile distilled water.

C.3.3 Preparation of complete Bolton broth

C.3.3.1 Composition

Boltgn basal broth (C.3.1) 945 ml
Boltan broth selective supplement (C.3.2) 5ml
Lysefl blood (C.2.4) 50 ml

C.3.3.2 Preparation

Brot

h and supplements are mixed immedjately prior to carrying out inoculations. The lyse|

C.2.4)) is the last ingredient to be addéed»After tightening the screw caps to minimize uptak

d blood (see
e of oxygen,

ference [6]).

DA)

the complete broths are gently mixed.

The ¢omplete medium should be)stored at (5 * 3) °C (see 6.11) for not more than 7 d (see Re
C.4 | Complete modified-charcoal cefoperazone desoxycholate agar (mCC
(Reference [5])

Specjal meat extract? 10,0 g

Peptpne 100g

Sodium-chloride (CAS No. 7647-14-5) 50¢g

Activated charcoal (CAS No. 7440-44-0) 40¢g

Casein hydrolysate 30g

Sodium desoxycholate (CAS No. 302-95-4) 10g

Iron(1I) sulfate hydrate (CAS No. 13463-43-9) 0,25¢g

Sodium pyruvate (CAS No. 113-24-6) 0,25¢g

Cefoperazone sodium salt (CAS No. 62893-20-3) 0,032 g

© IS0 2019 - All rights reserved
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Amphotericin B (CAS No. 1397-89-3) 001g
Agar 12,0g
Water 1000 ml

a  Lab-Lemco powder (OXO0ID) is a trade name of a suitable product available commercially. This
information is given for the convenience of users of this document and does not constitute an
endorsement by ISO of this product.

C.4.1 Basal medium

C.4.1.1 Composition

Special meaf extract? 100g
Peptone 10,0 g
Sodium chldride (CAS No. 7647-14-5) 50g
Activated charcoal (CAS No. 7440-44-0) 4,0.g
Casein hydrplysate 30g
Sodium desgpxycholate (CAS No. 302-95-4) 10g
Iron(1II) sulfate hydrate (CAS No. 13463-43-9) 0,25g
Sodium pyrfivate (CAS No. 113-24-6) 0,25g
Agar 12,0g
Water 1000 ml

2 Lab-Lemjco powder (OXOID) is a trade name of a suitable product available commercially.|This
information is given for the convenience of users of this document and does not constitufe an
endorsemerlt by ISO of this product

C.4.1.2 Preparation

Dissolve th¢ basic components or the dehydrated complete basic medium in the water, by bringing
to the boil. Adjust the 'pH, if necessary, so that, after sterilization, the pH of the complete mediym is
74 +0,2 at 45 °C.

Dispense the¢ bdsic medium into bottles of suitable capacity with screw caps. Make allowance for lpsses
during sterilization. Sterilize in an autoclave at (121 * 3) °C for (15 * 3) min. Open the autoclave as sopn as
it has cooled to a safe temperature (for example 70 °C) and tighten the screw caps to avoid inclusion of air.

In airtight bottles, the basal medium should be stored at (5 = 3) °C (see 6.11) for not more than one
month in the dark.
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C.4.2 mCCDA selective supplement

C.4.2.1 Composition

Cefoperazone sodium salt (CAS No. 62893-20-3) 0,032 g
Amphotericin B (CAS No. 1397-89-3) 0,01g
Water 5ml
C.4.2-2—Preparatien

Diss

lve the components in the water. Sterilize by filtration.

C.4.3 Preparation of complete mCCDA
C.4.3.1 Composition

Basal medium (C.4.1) 1000 ml
Antil[iotic solution (C.4.2) 5ml
C.4.3.2 Preparation

Cool

molten basal medium (see C.4.1) to (48 %,.3) °C. Aseptically add the mCCO

supplement (C.4.2). Mix carefully and pour into sterile'Petri dishes (6.9). Allow to solidify. |

befou

Platd

e use, dry the agar plates.

s of mCCDA in airtight bags should be~stored at (5 + 3) °C in the dark for not mor

A selective
mmediately

e than 10 d

-lactams, for
b information

(see .11 and Reference [6]).

NOTH Selective principles in mCCDA in'this case mainly refer to the use of third generation i
example, cefoperazone. Examples of alternative media are Preston agarl3], Butzler agarlZl, etc. Mor
on media can be found in Reference|6].

C.5 | Columbia agar (with and without blood)

C.5.1 Basal medium

C.5.1.1 Compeosition

Enzymaticdigest of animal tissue 230¢g

Starcirsotubte (CASNo-9665-84-9) 10

Sodium chloride (CAS No. 7647-14-5) 50g

Agar 12,0g

Water 1000 ml

C.5.1.2 Preparation

Dissolve the basic components or the dehydrated complete medium in the water, by bringing to the boil.
Adjust the pH, if necessary, so that after sterilization, the pH of the complete medium is 7,4 * 0,2 at 25 °C.
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